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THfi 

NEW  AMERICAN 

PRACTICAL  NAVIGATOR: 

BBINO   AN 

EPITOME  OF  NAVIGATION; 

COMTAININO  ALL  THE  TABLES  NECESSART  TO  BE    SED  WITH  THE 

NAUTICAL  ALMANAC, 

IN    DETBRMININO 

THE  LATITUDE,  AND  THE  LONGITUDE 
LUNAR  OBSERVATIONS: 

AND 

KEEPING  A  COMPLETE  RECKONING  AT  SEA: 

ILLUSTRATED  BT 

PROPER  RULES  AND  EXAMPLES : 

THE   WHOLE    EXEMPLIFIED  IN   A  JOURNAL, 
KEPT  FROM  BOSTON  TO  MADEIRA, 

19    WHICH    AIiXi    TH£    RULES    OP    NAVIGATION    ABE    INTEODUCF.D.* 

ALSO, 

THE  D£MONSTBATION  OF  THE  USUAL  RULES  OP  TRIGONOMETRY: 

PROBLEMS 

IN  MENSURATION,  SURVEYING  AND  GAUGING: 

DICTIONARY  OF  SEA-TERMS : 

AND    TRB  MANNER    OP 

PERFORMING  THE  MOST  USEFUL  EVOLUTIONS  AT  SEA, 

WITH   AN 

APPENDIX, 

CONTAININO 

WETBODS  OF  CALCULATING  BCLIPSBfl  Of  THE  SUN  AND  MOON,  AND  OCCULT ATIONS  OF  THS 

FIXED  STARS:    RULES  FOR  FINDING  THE  LONGITUDE  OF  A  PLACE  BT  OBSERVATIONS 

OF  KCLIP8JCS  OR  OCCULT  ATIONS :    AND  A  NEW  METHOD  FOR  FINDING  THE 

LATITUDE   BT  TWO  ALTITUDES. 


BY  NATHANIEL  ROWDITCH,  LL.  D. 

TdUm  ofOe  tUgal  Soekiiu  •fLomdon^  E^^tOmr^k,  amd  Dublin ;  of  th»  Amtriain  Philosophical  Sodtty^ 

Uldm  PkUmffkia :  of  tke  American  Aendtmy  of  Arts  and  ScUnus  ;  of  the  Connecticut  Academy 

of  Artt  and  Sdinees  ;  of  the  Literary  and  Pki/oeaphieal  Sodety  of  NetthYorh^  4fc. 
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WATER,  CORNER  OF  FULTON  STREET— NEW-YORK, 

[07-  OLD  ESTABLISHED  STAJVD.] 

BOOKS. 

BOWDITGH'S  PRACTIOAL  NAVIGATOR,  6th  ediUoo,  Btereotyped.     Tkii  work  km  Utm  rtfMuJUd 

in  London,  and  has  n  derided  fnrefertruo  to  anjitxtani. 
BLUNT'8  AMERICAN  COAST  f  ILOT,  lOih  rdiUon,  ffreatly  Improved. 

THE  MERCHANT'S  AND  SHIP  MASTERS  ASSISTANT,  comprehendliie  all  th*  neceflfair  nmtan- 
tile  informmtion  for  Merchants  iind  8hipaia»ters.  Un  tki*  toork  all  reeont  eammtrdai  rtguhf 
tions  art  introduced^  and  the  moft  experienced  will  hnd  something  new.] 
THE  EXPEOrrroUS  measurer,  containing  a  let  of  tablet,  which  show  at  one  view  the  lolid 
oonlenu  of  all  kinds  of  packages  and  casks,  according  to  their  seTeral  lengths,  breadtbf,  and  depths ; 
also  rules  for  determining  the  contents  of  all  sorts  of  casks,  la  wine  and  beer  measure.     A  stereotype 


NAUTICAL  ALMANACS,  from  the  year  1811  to  1828,  both  indotiTe—to  be  conUnoed  annually.    Er- 
planatioii  stereotjrped,  and  English  copy  corrected. 
Errors  In  the  English  copies  of  the  Nautfcal  Almanac 


( 18a^  Orer  Fifty  errors      ) 

D  \  1827,  Over  Fifty  errors      \ 

i  1828,  Ov^  Twenty  errors  j 


In  i  1837,  Over  Fifty  erroiv      }  Corrected  in  BLUMrS  EDITIONS  ONLY. 


SEAMANSHIP  and  NAVAL  TAGTIOS.  Second  Edition,  with  Plates. 
WARD'S  LUNAR  TABLES,  Sd.  edition. 

CHARTS : 

A  NEW  CHART,  extending  (Vom  New- York  to  Havana,  including  Bahama  Banks  and  Cbflnnelf,  Im- 
proved by  actual  Sur%'cys  of  the  Chesapeake  Boy,  by  order  of  the  Navy  Department, 
and  i)f  Capr*  f'tiU-^rM.,  Look  fh*i  and  Trar  Shoals^  In  conformity  to  an  act  of  Con- 
frra^  of  t lie  Uiutf^l  Ijimbn,  mid  coiict Lifted  tiDdtr  the  direction  of  J.  D.  ELLIOT,  Escf. 
fAat.  in  ibp  U,  S.  Naf^y.  and  bYperfi]i>Miin  r*f  Hon.  SMITH  THOMPSON,  Secretaiy 
r»rtlie  Hnvy,  eap>i  d^  e.»A  cootAin^v  dIHIih  Sun  t?7S  made  on  the  Coa$t  of  Iforth  Carolina 
X'l  tU&  fin-Mn^t  tJiTLf!  (I&i2^^)  TtiU  Vh^n  hin.  nihce  been  improved  by  a  survey  fiom 
hnrrd^  IN^ik  t^i  Crtii«  Ma>,  aoftcr  flirertion  or  Capt.  /U  NATHAN  COLES  WORTHY, 
^Tr.|Kr);vtt.iND  ntUNT^  by lirogr^l^r^  i li  tli«  floop  New  Packet.  It  has  also  several 
FL.^Nj  uf  tlARBOUKfi.  rraot  adusJ  turr^ys^ 
,  ofiliv  MLw-i-iftippi  Hir«r,  nthpodkif  i«  New  Orleans,  Including  Mobile,  Itc.  with 
pi^tHo^ difii-UiHi-,  :io.i  ('Inn  ,^r y.jiiLi.^  .in  n  i-ir^ fcale,  from  actual  survey, puhliahed 
in  1825. 
,  of  Bahama  Bank,  from  actual  survey  made  in  doop  Orbit  in  1 820,  with  sailing  direc- 
tions, by  the  direction  and  at  the  expense  of  E.  M.  BLUNT,  by  E.  C.  WARD,  U.  S. 
Navy,  and  EDMUND  BLUNT,  hydrograplier.  [It  is  worthy  of  remark,  that  nine- 
teen  vessels  were  lost  on  the  Bahama  Bank  the  year  previous  to  this  sturvev,  since 
which,  accidents  have  rarely  occurred,  and  the  correctness  of  the  Chart  admits  not  a 
question,  but  has  received  the  approbation  of  thousands,  as  being  tlie  most  correct 
Chart  of  Bahama  Bank  extant.1 
.w  from  New-York  lo  Nova  rjcocia,  extending  from  latitude  880  N.  to  latitude  47o  N. 
longitude  680  W.  tn  longitude  74<>  W.  Including  the  whole  of  St.  George's  Bank, 
Improved  to  August  1821,  by  govommeot  and  other  surveys. 
...,  of  the  Atlantic  or  Western  Ocean,  improv«^  to  1830,  with  an  Amiysis  of  the  authori- 
ties upon  which  the  dangers  have  been  inserted  on  the  Chart.  Tlie  Tracks  extend 
to  the  Equator,  and  are  continued  on  the  Chart  of  the  Sooth  Atlantic  Ocean. 

,  of  tlie  South  Atlantic  Ocean,  containing  more  authentic  Information  than  any  extant, 

part  of  which  describes  dangers  lately  discovered,  with  original  Plans  of  Harbours 
and  Views. 

: .— V    of  the  North  Coast  of  Brazil,  showing  the  entrances  and  courses  of  the  Rivers  -Para 

and  Amazon. 

^ — ^    of  the  West  Indies,  on  six  sheets,  which  may  be  bad  separate. 

^    of  River  La  Plate,  according  to  late  Surveys,  with  Sailing  Directions  on  the  CharL 

— of  the  Coast  of  GhiByana.-^f  the  Coast  of  Brazil.— of  the  Island  of  Bermudas,  with 
Sailing  Directions — of  Long-Island  Sound,  improved  to  1825.— of  the  Coast  of  Labra- 
dor«— of  Newfoundland.— of  the  Coast  of  Brazil,  flrom  Maranham  to  the  river  La 
Plate,  Itc  lie.  the  sailing  Directions  for  which  are  Ui'BluDt*8  American  Coast  Pilot 
FLAN  of  New-London  Harbour,  surveyed  by  CHARLES  MORRIS,  Esq.  of  the  United  States  Navy, 
by  order  of  Commodore  RODGERS,  and  to  him  respectfully  dedicated. 
SOITTBERN   DISTRICT   OF   HJCW-YORK,   SS. 

BE  IT  REMEMBERED,  That  on  the  twenty-second  dav  of  Jane,  A.  D.  1826,  in  the  |fiftleth  year 
of  (he  Independence  of  the  United  States  of  America.  Edmund  M.  Blunt,  of  the  said  district,  hath  deposit* 
ed  in  this  office  the  title  of  a  book,  the  right  whereof  he  claims  as  proprietor,  in  the  words  following, 
to  wit: 

**  The  New  American  Practical  Navigator :  being  an  Epitome  of  Navigation :  containing  all  the  Ta- 
«<  bles  Deceteary  to  be  used  with  the  Nautical  Almanac,  in  determining  the  Latitude,  and  the  Longitude 
(*  by  Lunar  Observations  *,  and  keeping  a  oomplele  Reckoning  kt  sea ;  illnstraied  \yy  proper  Rules 
**  and  Examples :  the  whole  exemplified  in  a  Journal,  kept  trom  Boston  to  Madci^^  in  which  all  the 
**  rules  of  Navigation  are  introduced.  Also,  the  Demonstration  of  the  usual  Rules  of  Trigonometry ; 
**  INroblems  in  Mensuration,  Surveying,  and  Ganging ;  Dictionary  of  Sea-Tt* rros ;  and  tlie  manner  of  per- 
**  formlncthe  most  useful  Evolutions  at  Sea.  With  an  Appendix,  contatuine  Methods  of  calculating  Eclip- 
(*  ses  of  ine  Sun  and  Moon  and  Occultatlons  of  the  Fixed  Stars ;  Rules  for  findint^  the  LonghiMC  of  a 
c  place  by  'Observations  of  Eclipses  or  Occullations :  and  a  new  method  for  finding  the  latitude  by 
**  two  altitudes.  By  Nathaniel  Bowditch,  LL.  D.  Fellow  of  the  Royal  Societies  of  London,  Edinburgh, 
"  and  Dublin ;  of  the  American  Philosophical  Society,  held  at  Phlhidelphia }  of  the  American  Academy 
**ofArts  and  Sciences*,  of  the  Connecticut  Academy  ot  Arts  and  Sdenoes;  of  the  Literary  and  Pfailo- 
«  sophlcal  Society  of  New-York,  <cc    Sixth  stereotvpe  edition.*' 

in  confomUty  to  the  act  of  congress  of  the  United  States,  entitled  <*Ad  Act  for  the  encoiimgement 


of  learning,  by  securing  the  copies  of  Mans,  Charts,  and  Books,  to  the  Authors  and  Proprietors 
of  such  copies,  during  the  time  therein  mentioned."  And  also  to  an  act,  entitled  "  an  act  supplementaxy 
tA  an  act,  cnutled  an  act  for  the  eaeuorRgement  of  learning,  hy  seearing  the  caples  uf  Maps,  Charts,  and 
Books,  to  the  authors  and  proprietors  of  such  copies,  during  th     '         *  ^  ~'     ' 

Ing  the  benefitt  thereof  »  the  arts  of  detigidng.  engravm?. 


JAMES  ULL,     ^ 

CUrk  of  iU  SoMhitn  IHttrkt  ^fftwTotk» 


REPORT 


Of  the  CommUiee^qppwUed  by  the  East  India  Marine  Bociett  of  Salem, 
at  tkar  meeting  on  the  6th  of  May,  1801,  to  examine  a  work  caUed  '*  Tlte 
New  American  Practical  Navigator,  by  Nathaniel  Bowditch,  F.  A.  ii." 

AFTER  a  fiill  examination  of  the  systeni  of  Navigation  presented  to  the 
society  by  one  of  its  members  (Mr.  Nathaniel  Bowditeh)  they  find,  that 
he  has  corrected  many  thousand  errors  existing  in  the  best  European 
works  of  the  kind ;  especially  those  in  the  Tables  for  determining  the  lati- 
tude by  two  altitudes,  in  those  of  difference  of  latitude  and  departure,  of 
the  sun^s  right  ascension,  of  amplitudes,  and  many  others  necessary  to  the 
Navigator.  Mr.  Bowditeh  has  likewise,  in  many  instances,  greatly  im- 
proved the  old  methods  of  calculation,  and  added  new  ones  of  lus  own. 
That  of  clearing  the  apparent  distance  of  the  moon,  and  sun  or  stars, 
from  the  effect  of  parallax  and  refraction,  is  peculiarly  adapted  to  the 
use  of  seamen  in  general,  and  is  much  facilitated  (as  all  other  methods 
are)  in  the  present  work,  by  the  introduction  of  a  proportional  table  into 
that  of  the  correction  of  the  moon's  altitude.  His  Table  nineteenth,  [the 
twentieth  of  the  present  edition]  of  corrections  to  be  applied  in  the  lunar 
calculations,  has  the  merit  of  being  the  only  accurate  one  the  Committee 
are  acquainted  with.  He  has  much  improved  the  table  of  latitudes  and 
longitudes  of  places,  and  has  added  tiiose  of  a  number  on  the  American 
coast,  hitherto  rery  inaccurately  ascertained. 

This  work,  therefore,  is,  in  the  opinion  of  the  Committee,  highly  de- 
serving of  the  approbation  and  encouragement  of  the  society,  not  only  as 
being  the  most  correct  and  ample  now  extant,  but  as  being  a  genuine 
American  production ;  and  as  such  they  hesitate  not  to  recommend  it  to 
the  attention  of  Navigators,  and  to  the  public  at  large. 


JONATHAN  LAMBERT, 

BENJAMIN  CARPENTER, 

JOHN  OSGOOD,  ^  CommUtee. 

JOHN  GIBAUT, 

JACOB  CROWNINSHIELD, 


ER,        / 
ELD,     ) 


Approved.        BENJAMIN  HODGES,    PrmdenL 
A  TRITE  COPT-    MOSES  TOWNSEND,  Sec'ry. 
Sakm,  May  19,  1801. 
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PREFACE, 


IN  the  preface  to  the  first  edition  of  this  work,  it  was  observed,  that  the 
object  of  the  publication  was  to  collect  into  one  volume  all  the  rules,  ex- 
amples and  tables  necessary  for  forming  a  complete  system  of  practical  na- 
vi^tion.     To  do  this,  those  authors  were  consulted  whose  writmgs  afforded 
the  best  materials  for  the  purpose,*  and  such  additions  and  improvements 
were  introduced  as  were  suggested  by  a  close  attention  to  the  subject;  and 
the  accuracy  of  the  tables  accompanying  the  work  was  ensured  by  actually 
going  through  all  the  calculations  necessary  to  a  complete  examination  of 
them,  making  the  last  figure  exact  to  the  nearest  unit.    In  performing  this, 
above  eight  thousand  errors  were  discovered  and  corrected  in  Moore's  Prac- 
tical Navigator,  and  above  two  thousand  in  the  second  edition  of  Maske- 
lyne'a  Bequinte  Tables. f    Almost  all  the  errors  in  Maskelyne's  collection 
were  in  the  \ast  decimal  place^  and  in  most  cases  would  but  little  affect  the 
result  of  any  nauHeal  calculation ;  but  when  it  is  considered  that  most  of 
those  tables  are  useful  in  othtr  calculations,  where  great  accuracy  is  required, 
it  will  not  be  deemed  an  unnecessary  impl*ovement  to  have  corrected  so 
great  a  number  of  small  errors. 
^  Several  articles  were  added  in  the  second  edition,  particularly  the  descrip- 
tion and  use  of  the  circular  instrument  of  reflection,  methods  of  surveying 
liarbours,  new  tables,  Slc.     In  the  third  and  subsequent  editions,  several  im- 
fm>vements  have  been  made,  particularly  in  the  method  of  correcting  the 
*  dead  reckoning,  and  in  the  articles  of  survejrmg.     An  Appendix  is  given, 
containing  methods  of  projecting  and  calculating  eclipses  of  the  moon  and 
«an,  and  occultations  of  the  fixed  stars  or  planets  by  the  moon ;  rules  for 
deducing  the  longitude  of  a  place  from  observations  of  eclipses  of  the  sun  or 
occultations ;  a  new  and  short  method  of  calculating  the  altitude  and  longi 
tude  of  the  nona^esimal  degree  of  the  ecliptic ;  solutions  of  several  useful 
problems  of  Nautical  Astronomy,  and  an  unprovement  of  Napier's  rules  for 
the  solution  of  spheric  triangles.     Several  new  tables  were  added.    The 
table  of  latitudes  and  lon^tudesis  much  increased  and  corrected. 

Also  an  entirely  new  article  is  given  in  this  edition  on  the  method  of  finding 
the  latitudes  by  two  altitudes  of  the  same,  or  of  different  objects :  the  solu- 
tiODS  being  direct  and  simple,  embracing  all  the  cases  of  the  problem :  a  point 
which  has  not  been  attended  to  in  some  works  of  celebrity .  This  is  an  import- 
ant addition  to  the  present  work,  and  it  is  recommended  to  the  considera- 
tion of  navigators. 

The  tables  published  separately  in  the  A^^en^  of  the  first  edition  are 
introduced  into  the  body  of  this  work,  and  are  extended  so  as  to  render  the 
use  of  them  more  simple.  The  short  and  easy  method  of  working  a  lunar 
observation,  published  m  that  Appendix,  which  has  one  great  advantage 
over  all  other  approximate  methoas,  in  the  manner  of  applying  the  correc 
tions  (ail'  them  being  additive)  is  here  explained  and  illustrated  by  several 
examples.t  Two  otiier  methods  of  correcting  the  apparent  distance  are 
^ven ;  one  being  that  invented  by  the  author  of  this  work  in  the  year  1795 ; 


*  ttm  irorlu  cbielly  eooaalted  nvere  ttumt   published  by  MMkehrne,   B  

4e.  and  a  utaOat  oo  "  Scnmaiidilp,"  miMlthfed  at  Loadon  in  1796.   Id  Ihte  new  edhMO,  fbe  work  of 
'  rCUnOiorde  Seidsy  entitled  «'tacjrlptlonet  Usase  dtt  Cercle  de  Befiec'      "       * 


RobentOn.  rwooa,  I 

_^.    ^ b  new  edttMD,  f be  wor 

tbeCbtnOiardeSeiday  entitled  «<De>cjrlptlonet  Usase  da  Cercle  de  EefiecUoa,*' lie.  has  also  been 
ased. 

t  la  the  lUvd  aditioa  of  Uiat  work  the  errors  of  the  table  of  pnHportlonal  togarlibnii  are  cor- 
reded. 

1  This  nethci  was  eommoaicated  to  Mr.  Be  Luobre,  who  poUifhrd  an  accoost  of  it  in  the 
'CWeiflnccdei  temps  poor  FUtnte,   isoc.'>  .... 
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the  other  an  improvement  of  Witcheirs  method,  in  which,  without  alter- 
ing materially  the  calculation,  the  number  of  cases  is  considerably  reduced. 

To  promote  the  accuracy  of  the  successive  editions  of  this  work,  all  tlie 
tables  (which  admit  of  it)  have  been  stereotyped,  namely.  Tables  I.  II.  IIL 
V.  VII.  IX.  X.  XL  XII.  XIII.  XIV.  XV.  XVI.  XVII.  XVIII.  XIX.  XX. 
XXI.  XXII.  XXIII.  XXIV.  XXV.  XXVI.  XXVII.  XXVIII.  XXIX. 
XXX.  XXXI.  XXXII.  XXXIII.  XXXIV.  XXXV.  XXXVI.  XXXVIII. 
XXXIX.  XL.  XLI.  XLH.  XLIII.  XLIV.  and  XLV.  Since  the  publication 
of  the  first  stereotype  edition,  these  Tables  have  been  carefully  examined  by 
the  author,  and  the  few  mistakes  which  were  discovered,  have  been  cor* 
rected  in  the  plates. 

Any  person  who  wishes  to  examine  the  tables,  may  do  it  by  the  methods  used 
for  that  puipose,  which  will  here  be  explained  with  some  additional  remarks. 

Tables  I.  and  II.  were  calculated  by  the  natural  sines  taken  from  the 
fourth  edition  of  Sherwin*s  logarithms,  which  were  previously  examined,  by 
differences ;  when  the  proof-sheets  of  the  first  edition  ivere  examined,  the 
numbers  were  again  calculated  by  the  natural  sines  in  the  second  edition  of 
Button's  logarithms ;  and  if  any  difference  was  found,  ihe  numbers  were 
calculated  a  third  time  by  Taylor's  logarithms. 

Table  III.  contains  the  meridional  parts  for  every  degree  and  minute  of 
the  quadrant,  calculated  by  the  following  rule,  viz. 
MssTx  0.0007915704468. 
in  which  T  is  the  log-tangent  less  radius  of  half  the  latitude  increased  by  45^ 
talcen  to  seven  places  of  figures,  reckoned  as  integers,  and  M  is  the  men* 
dional  parts  of  that  latitude  m  miles. 

Table  IV.  contains  the  declination  of  the  sun,  which  was  compared  with 
the  Nautical  Ahnanacs  for  the  years  18£4,  1825, 1826,  and  18&7,  and  naark* 
ed  to  the  nearest  minute. 

Table  IV.  A.  The  Equation  of  Time,  for  flie  years  1824,  1825,  1828, 
and  18£7. 

Table  V.  contains  the  correction  of  the  sun's  declination,  as  published 
by  Dr.  Maskelyne.  The  correction  taken  from  this  table  will  rarely  differ 
more  than  16  or  17  seconds  from  the  truth. 

Table  VI.  contains  the  mean  of  the  sun's  right  ascension,  taken  from 
the  Nautical  Almanacs  for  the  years  18£4,  1835, 1826,  and  1827. 

Table  VL  A.  contains  the  correction  for  the  daily  variation  of  the  Equa- 
tion of  Time. 

Table  VII.    contains  llie  amplitudes  of  the  sun  for  various  latitudes  and 
declinations  calculated  b^  Taylor's  logarithms  by  this  rule : 
Log.  sec.  lat.  +IiOg.  sme  declination — 10.0000000=Lo^.  sine  amplitude. 

Table  VIII.  contains  the  right  ascensions  and  declinations  of  76  stars  of 
the  first  and  second  magnitudes,  with*  their  annual  variations,  adapted  to 
the  beginning  of  the  year  1820.  This  table  was  formed  from  that  published 
by  the  Astronomer  Royal  at  Greenwich  (Mr.  Pond)  in  the  Nautical  Alma- 
nac for  1823,  with  the  addition  of  a  number  of  stars  from  the  Catalogue  of 
BaroB  Von  Zach. 

Table  IX.    contains  the  time  of  the  sun's  rising  and  setting,  calculated  by 
Taylor's  logarithms  by  this  rule  : 
Log.  COS.  hourssLog.  tang,  dedin.  -|-  Log.  tang,  latitude— '10.0000000^ 

Table  X.  contains  the  distances  at  which  any  object  is  visible  at  sea, 
calculated  by  the  rule  given  in  §  195  of  Vince's  Astronomy,  in  which  the 
tenestrial  refraction  was  noticed :  this  circumstance  was  neglected  by  Ro- 
bertson, Moore,  and  others,  and  of  course  their  tables  are  erroneous.  The 
rule  given  by  Mr.  Vince,  expressed  in  logarithms,  is  this  : 

0.121554- Half  log.  of  height  in  feet=Log.  of  dist.  in  statute  miles. 

In  reducing  the  rule  to  logarithms,  the  radius  of  the  earth  was  called 
20911790  feet,  which  agrees  nearly  with  the  mean  value  given  in  De  La 
Lande's  Astronomy. 

Table  XL  is  a  common  table  of  proportional  parts*  the  construction  of 
which  does  not  need  any  explanation.  ^         j 
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Table  XII.  contains  the  refraction  of  the  heavenly  bodies,  calculated  by 
Dr.  Bradley's  rule»  supposing  the  refraction  to  be  as  the  tangent  of  the  ap- 
parent zenith  distance  of  the  object  decreased  by  three  times  the  refraction, 
the  horizontal  refraction  being  supposed  equal  to  93'. 

The  rule  expressed  in  logarithina  is  this  : 
Log.  tang.  (app.  zen.  dist. — 3.  refraction)— 8.24d85d4=Log.  of  ref.  in  sec. 

The  numbers  calculated  by  this  rule  agree  nearly  with  those  published 
in  Table  L  of  Maskelyne's  Requisite  Tables. 

Table  XIII.  contains  the  dip  of  the  horizon  for  various  heights,  calcu- 
lated by  the  rule  in  §  197  of  Vince's  Astronomy,  in  which  the  terrestrial  re- 
fraction is  allowed  for.  All  the  numbers  of  this  table  differ  a  little  from 
those  published  by  Dr.  Maskelyne,  who  had  made  a  different  allowance  for 
thAt  refraction.  The  rule  given  by  Mr.  Vince,  expressed  in  logarithms,  is : 
1.7712711-1- half  the  log.  of  the  height  in  feet = Log.  dip  in  seconds. 

Table  XIV.  contains  the  sun's  parallax  in  altitude,  calculated  by  multi- 
plying the  natural  sine  of  the  apparent  zenith  distance  by  the  sun's  horizon- 
tal parallax  8|^.  The  numbers  m  this  table  agree  with  those  published  by 
Dr.  Maskelyne. 

Table  XV,  contains  the  augmentation  of  the  moon's  semi-diameter = 
15".  626  X  sine  D  's  altitude.  This  table  agrees  nearly  with  that  published 
by  Maskelyne. 

Table  XVI.  contains  the  dip  for  various  distances  and  heights,  calcula- 
ted by  this  rule. 

5  h 

D=— </-f-0.56514x  — 
7  d 

in  which  D  represents  the  dip  in  miles  or  minutes,  d  the  distance  of  the  land 
in  sea  miles,  and  k  the  height  of  the  eye  of  the  observer  in  feet. 

Tables  XVII.  XVIII.  and  XIX.  were  first  calculated  by  the  author  of 
this  work,  and  published  in  the  Appendix  to  the  first  edition.  The  correc- 
tion in  the  first  of  these  tables  is  equal  to  the  difference  between  the  star's 
refraction  and  60'.  The  correction  of  Table  XVIII.  is  eqnal  to  the  differ- 
ence between  60'  and  the  correction  of  the  sun's  altitude  for  parallax  and 
refraction.  The  correction  of  Table  XIX.  is  equal  to  the  difference  between 
59'  42"  and  the  correction  of  the  mo#n's  altitude  for  parallax  and  refraction. 
The  logarithms  in  each  of  these  tables  may  be  found  by  adding  together  the 
constant  lo^.  9.6990,  the  log.  co-sine  of  the  apparent  altitude  of  Uie  object, 
the  proportional  logarithm  of  the  correction  of  the  altitude  of  the  object  for 
parallax  and  refraction,  and  rejecting  20  from  the  index.  The  method  of 
performing  these  calculations  are  so  obvious,  that  it  is  unnecessary  to  enter  into 
any  farther  explanation.  Most  of  the  numbers  in  these  tables  were  calcu- 
lated tiiree  different  times. 

Table  XX.  There  are  two  columns  in  this  table  corresponding  to  each 
degree,  the  numbers  in  one  column  exceed  those  of  the  other  by  18",  the 
numbers  in.  the  least  column  express  the  difference  b,  between  the  base  B 
and  the  hypotenuse  6±6  of  a  right  angled  spheric  triangle,  whose  third 
side  P,  never  exceeds  60' ;  the  argument  at  the  top  of  the  table  being  Bi  and 
at  the  side  60'±P.  The  value  of  b  being  found  by  this  rule  by  Taylor's 
logarithms : 
Log.  b  in  secondsssLog.  co-tang.  B+Log.  vers,  sine  P— 14.6855749— Diff. 

log.  sines  of  B  and  B+  jfi 
in  which  the  last  term  may  in  most  cases  be  neglected. 

Table  XX.  (New  Form.)  corrections  in|seconds  additive.  See  appendix, 
page  618. 

Table  XXI.  for  turning  time  into  degrees,  is  the  same  «s  in  other 
works  of  this  kind. 

Table  XXII.  contains  the  proportional  logarithms  for  three  hours.    The 
numbers  of  this  table  may  be  found  by  subtracting  the  logarithm  of  the  time 
in  seconds  from  the  log.  of  10800^' ;  or,  which  is  the  same  thing,  by  the  fr 
lowing  rule  :  uiymzeu  uy  ^.^j'^^v.^^i^ 
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Prop.  log.  TA4.08847d8— -log.  of  T  in  seconds,  neglecting  the  three  right 
hand  figures  of  the  remainder. 
Table  XXIII.  was  first  constructed  by  Mr.  Douwes  of  Amsterdam,  about 
the  year  1740,  for  which  he  received  £.50  of  the  Commissioners  of  Longi- 
tude in  England.  This  table  was  published  in  the  first  and  second  editions 
of  the  Refquisite  Tables ;  in  the  former  of  which  it  was  carried  as  far  as  six 
hours ;  in  the  latter  the  table  of  Log.  Rising  was  extended  to  9  hours ;  in 
the  present  edition  of  this  work  it  is  extended  to  12  hours.  The  numbers 
in  this  table  are  eattly  deduced  from  the  log.  sines,  log.  co^secants,  and  log. 
▼ersed  sines  of  the  hour  to  which  they  correspond.  Thus,  if  the  time,  op- 
posite to  any  number  of  these  tables  turned  into  degrees,  is  H,  we  shall  have 

Log.  i  elapsed  tune  of  H=1eg.  co-secant  H — 10.0000000 
Log.  midale  time  =Log.  sine  H— 4.6989700 
T  Air  i.;«:n<r  w  5  =Log.  versed  sine  H — 5.0000000 
rK)g.  nsing  «  ^  ^^^  ^^^  sine  i  H— 14.6989700 

By  means  of  these  formula,  the  numbers  of  Table  XXIII.  were  calculated  by 
Sherwin's,  Button's  and  Taylor's  logarithms,  and  above  a  thousand  errors 
were  discovered  in  the  second  edition  of  the  Requisite  Tables,  most  of  which 
were  In  the  additional  three  hours  (from  six  to  nine  hours)  not  published  in 
the  first  edition.  About  two  thirds  of  these  additional  numbers  differ  from 
their  true  values  by  one  or  two  units. 

Table  XXIY.  was  compared  with  Sherwin*s  and  Hutton*s  Tables,  and  a 
few  errors  corrected. 

Table  XXY.  contains  the  log.  sines,  log.  tangents,  &ic.  corresponding  to 
points  and  quarter  points  of  the  compass.  This  was  compared  with  Sher- 
win's,  Button's,  and  Taylor's  logarithms, 

Table  XXYI.  contains  the  common  logarithms  of  numbers,  which  was 
compared  with  Sherwin's,  Button's  and  Taylor's  logarithms. 

Table  XXVII.  contains  the  common  log.  sines,  tangents,  secants,  S^c. 
This  was  compared  with  Sherwin's,  Button's  and  Taylor's  tables.  Two 
additional  columns  are  ^ven  in  this  table,  which  are  very  convenient  in  find- 
ing the  time  from  an  altitude  of  the  sun.  The  degrees  are  marked  to  180^, 
which  saves  the  trouble  of  subtracting  the  given  angle  from  180^  when  it 
exceeds  90°.  • 

Table  XXVIII.  was  calculated  by  proportioning  the  daily  variation  of 
the  time  of  the  moon's  passing  the  meridian. 

Table  XXIX.  contains  the  correction  of  the  moon's  altitude  for  parallax 
and  refraction,  corresponding  to  the  parallax  57' 30". 

Tables  XXX.  and  XXXI.  are  tables  of  proportional  parts,  taken  from  the 
Requisite  Tables,  with  a  few  corrections. 

Table  XXXIL  contains  the  variation  of  the  altitude  of  any  heavenly 
body  for  one  minute  of  dme  from  noon,  for  various  degrees  of  latitude  and 
decimation.  The  following  method  was  used  in  constructing  the  ta« 
ble:— A  and  B  were  calculated  for  each  degree  of  declination  by  these 
formule. 

Log.  A=Log.  1".  96349 +£  log.  COS.  declination— >20.00000. 

Log.  B^Log.  A.+1og.  tang,  declination — 10.00000. 
and  then  the  correction  of  the  table  corresponding  to  the  zenith  distance  Z 
(=:Lat  +Dec)  waa  found  by  this  formulae.    A  X  co-tang.  Z  -}-  B.    To  fa- 

nfi  — 

cilitate  the  computation  of  these  numbers,  a  table  of  the  products  of  A  by 
the  whole  numbers  from  1  to  9  was  calculated. 

Table  XXXIII.  contains  the  squares  of  the  minutes  and  parts  of  a  mi- 
nute corresponding  to  every  second  from  0"  to  I3f  59".  This  requires  no  ex- 
planation. 

Table  XXXIV.  contains  the  error  of  an  observed  angle  arising  from  a 
deviation  of  1'  in  the  parallelism  of  the  surfaces  of  the  central  mirror,  those 
surfaces  bdng  supposed  to  be  perpendicular  to  the  plane  of  the  instrument. 
The  correction  in  the  fifth  column  of  this  table  corre^onding  to  any  angle 
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SIGNS  AND  ABBREVIATIONS  USED  IN  THIS  WORK- 

■+  Is  the  sign  of  addition,  and  denotes  that  whatever  number  or  quantity 
follows  the  sign,  must  be  added  to  those  that  go  before  it,  thus  94-3 
signifies  that  8  is  to  be  added  to  9.  Or  A-f-B  implies  that  the  quantities 
represented  by  A  and  B  are  to  be  added.  '  The  sign  -}-  is  called  the 
positive  sign. 

—    Tfce  sign  of  subtraction ;  and  denotes  that  the  number  following  it  must  . 
lie  subtracted  from  those  going  before  it,  thus  7 — 5,  signifies  that  5  must 
be  subtracted  from  7.     The  sign  —  is  called  the  negatim  sign. 

X  Is  tliC  sign  of  multiplication,  and  shows  tliat  the  numbers  placed  before 
and  after  it  are  to  be  multiplied,  thus,  7x9  signifies  7  multiplied  by  9, 
which  makes  63;  and  7  x  6  X  -  signifies  the  continued  product  of  7  by  ■ 
8  and  by  2,  which  makes  lis.  Multiplication  is  also  denoted  b^  plac- 
ing a  point  between  the  quantities  to  be  multiplied;  tlius  A.B  signifies 
that  A  is  to  be  multiplied  by  B. 

-^    Is  the  sign  of  division,  and  signifies  that  the  number  that  stands  before 

it  is  to  be  divided  by  the  number  following  it,  as  ISL-^ll  shows  that  7£ 

b  to  be  divided  by  12.     Division  may  also  be  denoted  by  placing  two 

i^ints between  the  numbers,  thus,  72  :  1£  represents  72  divided  by  Xl 

♦  72  .  ■ 

or  by  placing  the  numbers  thus,  —  which  signifies  72  divided  by  12.  ^ 

12 

{  )     or  Either  of  these  marks  is  used  for  connecting  numbers  to- 

gether, thus,  3+4x6,  or  (3+4)  X  6,  signifies  that  the  sum  of  3  and  4  ia 
to  be  multiplied  by  6. 

as:  Is  the  sign  of  equality,  and  shows  that  the  numbers  or  quantities  placed 
before  it  are  equal  to  those  following  it :  tlius  8x  12=96.  Or  8  mul- 
tiplied hf  1*  are  equal  to  96,  and  7  +  2  x  4=36. 

i::  :1s  the  sign  of  proportion,  and  is  marked  thus,  7  :  14  ::  10  :  20,  that  is, 
as  7  is  to  14,  so  is  10  to  20.     Or  A  :  B  : :  C  :  D,  that  is,  as  A  is  to  B,  so 
is  C  to  D. 
^     Signifies  degrees ;  thus,  45°  represents  45  degrees. 
'     Signifies  minutes ;  thus,  24'  or  24  minutes, 
^    Signifies  seconds ;  thus^  44",  or  44  seconds. 
"^   Signifies  thirds  or  sixtieth  parts  of  seconds  ;  thus,  44'^',  or  44  thirds. 

S.     Signifies  sine.    N.  S.  Signifies  Natural  sine.. 

Sec.  Signifies  Secant 

TaiL  Signifies  Tangent 

Co-sine,  Co*tangent,  or  Co-secant  of  an  arch  signifies  the  sine,  tangent  or 
secant  of  tde  complement  of  that  arch  respectively. 

<    Signifies  Angle ;  with  an  s  at  top  Angles,  <*- 

Ad  Angled, 

/x    Signifies  Triangle,      a'*  Triangles- 

O     Signifies  a  square. 

O  •r  S  the  Sun.  O  or  })  the  Moon.  *  a  Star.  L.  L.  Lower  Limb. 
U.  L.  Upper  Limb.  N.  L.  Nearest  Limb.  S.  D.  Semi-diameter. 
P.  I^  Proportional  Logarithm.  N.  A.  Nautical  Almanac.  Z»  D. 
Zenith  Distance.    D.  R.  Dead  Reckoning. 
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DECIMAL  ARITHMETIC. 


MANY  persons  who  have  acquired  considerable  skill  in  common  Arilh- 
inetic,  are  unacquainted  with  the  method  of  calculating  by  decimals,  which 
h  of  great  use  in  Navigation ;  for  which  reason  it  was  thought  proper  te 
prefix  the  following  brief  explanation. 

Fractions  or  FtUgar  Fractions  are  expressions  for  any  assignable  part  of 
ui  unit ;  they  are  usually  denoted  by  twowiumbers,  placed  the  one  above 
the  other,  with  a  line  between  them :  thus,  i  denotes  the  fraction  one-fourth., 
or  oril  part  out  of  four  of  some  whole  quantity,  considered  as  divisible  into 
four  equal  parts.  THie  lower  number  4  is  called  the  denonUnator  of  the  frac- 
tion,, showing  into  how  many  parts  the  whole  or  integer  is  divided ;  and  the 
upper  number  1,  is  caUed  the  numerator,  and  shows  how  many  of  those  equal 
parts  are  contained  in  the  fraction.  And  it  is  evident  that  if  the  numerator 
and  denominator  be  varied  in  the  same  ratio,  the  value  of  the  fraction  will 
remain  unaltered :  thus  if  the  numerator  and  denominator  of  the  fraction  4 
be  multiplied  by  2,  S,  or  4,  &lc.  the  fractions  arising  will  be  |,  ^,  ^,  Uc, 
which  are  evidently  equal  to  j. 

Decimal  Fraction  is  a  fraction  whose  denominator  is  always  an  unit  with 
some  number  of  ciphers  annexed,  the  niunerators  of  wliich  may  be  any 
numbers  whatever ;  as  fyy  ^ Jy,  tJ|^,  fee.  And  as  the  denominator  of  a 
decimal  is  always  onie  of  the  numoers  10,  100,  1000,  kc.  the  inconvenience 
of  writing  these  denominators  may  be  avoided,  by  placing  a  point  between 
the  int^ral  and  the  fractional  part  of  the  number ;  thus  ^^  is  written  .3 ; 
and  .,1^  is  written  .14 ;  the  mixed  number  3  ^^,  consisting  of  whole  num- 
bers and  fractional  ones  is  written  3.14. 

In  settmg  dov^n  a  decimal  fraction,  the  numerator  must  consist  of  as  many 
places  as  were  are  ciphers  in  the  denominator ;  and  if  it  has  not  so  many 
figures  the  defect  must  be  supplied  by  placing  ciphers  before  them ;  thus, 
^y^,=r.l6,  ^^f^s=.016,  ^^'^^=.0016,  &ic.  And  as  ciphers  on  the  right 
hand  side  of  integers  increase  their  value  in  a  tenfold  proportion,  as 
f ,  SO,  SCO,  &&C.  so  when  set  op  the  left  hand  of  decimal  fractions,  they  de- 
crease their  value  in  a  tenfold  proportion,  as  2,  .02,  .004,  &tc.  but  ciphers 
set  on  the  right  hand  of  these  fractions  make  no  alteration  in  their  value, 
neither  of  increase  or  decrease ;  thus,  .2  is  the  same  as  .20  or  .200.  The 
common  arithmetical  operations  are  performed  tJie  same  way  in  decimals, 
as  they  are  integers ;  regard  being  had  only  to  the  particular  notation,  to  dis- 
tinguish the  integral  from  the  fractional  part  of  a  sum. 

ADDITION  OF  DECIMALS. 

Addition  of  decimals  is  performed  exactly  like  that  of  whole  numbrrn, 
placing  the  numbers  of  the  same  denomination  under  each  other,  in  \6ikAi 
ca^  the  decimal  separating  points  will  range  straight  in  one  column. 

EXAMPLES. 

Miles.                          Feet.  JnrhoH. 

26.7                               1.26  "27^.3ie«7 

32.15                             2.31  .0134 

143.206                           1-785  2.1576 

.003                           2.0  31.4 

Sum  202.059  7..S55  305.8977 


Digitized  byVjOOQlC 


DECIMAl.  ARITHMETIC. 


SUBTRACTION  OF  DECIMALS. 

Subtraction  of  decimals  is  performed  in  the  same  manner  as  in  whole  num- 
bers, by  observing  to  set  the  figures  of  the  same  denomination  and  the  s^ 
parating  points  directly  under  each  other. 

EXAMPLES. 

From  31.267  36.75^  1.254  1364.S 

Take     2.63  .026    .    •  .316  25.163 


Diff.   28.637 


36.724 


.938 


1339.037 


MULTIPLICATION  OF  DECIMALS. 

Multiply  the  ninnbers  together  the  same  as  if  they  were  whole  numbers,  and  point  off 
as  many  decimals  from  the  right  hand  as  there  are  decimals  in  both  factors  together ; 
and  when  it  happens  that  there  are  not  so  many  figures  in  the  product  as  there  must  be 
decimals,  then  prefix  as  many  ciphers  lo  the  left  hand  as  will  supply  the  defect. 


EXAMPLE  I. 
Multiply  3.25  by  4.5 
3.25 
4.5 


EXAMPLE  ly, 


Multiply  .17  by  .06 
.17  • 

.06 


1.625 
13.00 


Answer       .0102 
In  each  t>f  the  factors  are  two  decimals, 
the  product  ought  therefore  to  contain   4, 
and  there  being  only  thre^  figures  in  the 


Answer     14.625 

product  I  prefix  a  cipher. 

in  one  of  the  factors  is  one 

decimal  and 

EXAMPLE  V.        Multiply  .18  by  24. 

in  the  other  two,  their  sum  3  u 

the  number 

.18 

of  decimals  of  the  product 

24    • 

EXAMPLE  XL 

« 

MulUply  0.5  by  0.7 
0.5 

73! 

:     ^                     36 

0.7 

Answer     4.32 

0.35  Answer. 

EXAMPLE  VI.        Multiply  36.1  by  2.5 
36.1 

EXAMPLE  III. 

2.5 

Multiply  3.25  by  .05 

3.25 

18.65 

.05 

72.2 

.1625  Product. 


Answer 


90.25 


DIVISION  OF  DECIMALS. 

Division  of  decimals  is  performed  in  the  same  manner  as  in  whole  numbers ;  only 
observing  that  the  number  of  decimals,  in  the  quotient  must  be  equal  to  the  excess  of 
the  number  of  decimals  of  the  dividend  above  those  of  the  divisor. — ^When  the  divisor 
contains  mojce  decimals  than  the  dividend,  ciphers  must  be  affixed  to  the  right  hand  of 
the  latter  to  make  the  number  equal  or  exceed  that  of  the  divisor. 


EXAMPLE  I. 

Divide  14.625  by  3.25 
3.25)14.625(4.5 
1300 


1625 
1625 


EXAMPLE  III. 
Divide  3.1  by  .0062 

Previous  to  the  division  I  affix  a  number 
of  ciphers  to  the  right  hand  of  3.1,  trhich 
does  not  alter  its  value« 


In  this  example  there  arc  2  decimals  in 

the  divisor,  and  3  in  the  dividend,  hence 

i\itre  is  one  decimal  in  the  quotient. 

EXAMPLE  11. 

Divide  0.35  by  0.7 

.7).35(.5 

.35 


.0062)3.100000(500.00 
310 

.     0000 
Therefore  th^  ansiver  b  500.00  or  500. 
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DECIMAL  ARITHMETIC. 


EXAMPLE  IV. 

PiTMie  9^  by  j06 


IGO  Answer. 


.  Here  by  affixing  a  ciphfer  to  9.6  it 
becomes  9.60,  and  has  then  2  decimals 
ill  it,  which  is  the  same  number  as  is 
in  the  divisor,  therefore  the  quotient  is 
an  integer  number. 


EXAMPLE  V. 

Dlf  ide  17.256  by  1.16 
1.16)17.26600(I4.8?5 
116 

1016 
928 

880 
812 

680 
680 


100 

REDUCTION  OF  DECIMALS. 

If  you  tvish  to  reduce  a  vulgar  fraction  to  a  decimal,  you  may  add  any 
number  of  ciphers  to  the  numerator,  and  divide  it  by  the  denominator,  the 
quotient  will  be  the  dedmal  fraction ;  the  decimal  point  must  be  so  placed 
that  there  may  be  as  many  figures  to  the  right  hand  of  it  as  you  added  ci- 
phers to  the  numerator ;  if  there  are  not  as  many  figures  in  the  quotient,  you 
must  place  ciphers  to  the  left  hand  to  make  up  the  number. 
EXAMPLE  I.  Reduce  J  to  a  decimal. 

A)1.0 


EXAMPLE  II.  Reduce  f  to  a  decimal. 

8)3j00O 

.375  Amw^. 

EXAMPLE  III.    Reduce  S  inches 
to  the  decimal  of  a  foot. 

Smce  12  inches=l  foot,  this  frac 


EXAMPLE  IV.    Reduce  34  inch- 
es to  the  decimal  of  a  foot. 
3j=I :  this  divided  by  12  is  /-. 

24)7.000(.29I  Answ*»r. 
48 


tion  is  .f\. 


13)SJ)0 


.35  Answer. 


2211 
216 


40 
24 


16 

EXAMPLE  V.  Reduce  1  foot  and 
6  inches  to  the  decimal  of  a  yard. 

Here  1  foot  6  inches=18  inche-s. 

And  1  yard=c36  inches,  thorefora 
this  fraction  is  IJ. 

36)l'8.0(.a  Aiwwer. 
180 

If  vou  havo  any  decimal  fraction,  it  is  easy  to  find  its  value  in  the  lower 
denoiiinations  of  the  same  quantity ;  thus  if  the  fraction  wa.  the  decimal  of 
a  Tard,  by  multiplying  it  by  3  we  have  its  value  in  feet  and  parts ;  if  we  mul- 
tiply  tliis  by  la,  the  product  is  its  value  in  inches  and  parts;  andm  the  same 
manner  tlie  values  may  be  obtained  in  other  cases. 


EXAMPLE  VI. 

Required  the  value  of  3.25  yards. 


3.25 


EXAMPLE  VIL 

Reguired  the  value  of  7.231  days. 

7.231 
21 


.76 
12 


9.00 


Answor  r>  yards,  0  feet,  9  inches. 


I 


46^ 


A.444 

60 


32.640 

60 


I  38.400 

.    Answer  7  days,  5  hours,  32  rnitixii^^, 
■jmd  38  seconds. 
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GEOMETRY. 

GEOMETRY  is  the  Spience  which  treats  of  the  description,  properllell^ 
and  relations  of  magnitudes  in  general,  of  whict  there  are  three  kinds  or 
Bpecies,  viz.  a  line  which  has  only  length  without  either  breadth  or  thick- 
ness ;  a  superfices,  comprehended  by  length  and  breadth,  and  a  solid,  which 
has  length,  breadth,  ana  thickness. 

A  POINT  considered  mathematically  has  no  length,  breadth,  or  thickness. 

II. 
A  STRAIGHT  LINE  OR  RIGHT  LiNX^is  the  shortest  distance  between  the  two 
ipoints  which  limits  its  length,  as  -  A  >C 

III. 
A  PLANE  SUPERFICES  IS  that  in  which  any  two  points  bemg  taken,  thg 
straight  line  between  them  lies  wholly  in  that  surface. 

IV. 
Parallel  lines  are  such  as  are  in  the  same  plane  A  B 

and  which  extended  infinitely  do  never  meet,  as  AB,  DC      D  C 

V. 
A'ciRCLE  is  a  plane  figure,  bounded  by  an  uniform  curve  line ;  it  is  com- ' 
monly  described  with  a  pair  of  compasses;.. one  point  of  which  is  fixed, 
whilst  the  other  is  turned  round  to  the  place  where  the  motion  first  began ; 
the  fixed  point  is  called  the  centre,  and  the  line  described  by  the  other  point 
is  called  the  circumference.  Q 

VI. 
The  RADIUS  of  a  circle,  or  semi  diameter, 
is  a  right  line  drawn  from  the  centre  to  the  cir- 
cumference, as  AC  ;  or  it  is  that  line  which  is 
taken  between  the  points  of  the  compasses  to  a 
describe  the  circle. 


A  DIAMETER  of  R  Circle  is  a  right  line  drawn 
through  the  centre  and  terminated  at  both  ends  t)^ 
by  the  circumference,  as  ACB,  and  is  the  dou- 
ble of  the  radius  AG.    A  diameter  divides  the 
circle,  and  its  circumference  into  two  equal  ^ 

parts.  VII.  "^ 

An  ARCH  of  a  circle  is  any  part  or  portion  of  the  circumference,  as  DF£. 

VIII. 

The  CHORD  of  an  arch  is  a  straight  line  loining  the  ends  of  the  arch ;  it 
divides  the  circle  into  two  unequal  parts,  called  segments,  and  is  a  chord  to 
them  both,  as  DE  is  the  chord  of  the  arches  DFE  and  DGE. 

IX. 

A  SEMICIRCLE,  or  half  circle,  is  a  figure  contained  under  a  diameter  and 
the  arch  terminatedby  that  diai&eter,  as  AGB  or  AFB.  Any  part  of  a  circle 
contained  between  two  radii  and  an  arch,  is  called  a  sector. 

X. 

A  quADRANT  is  half«a  semicirde,  or  one-fourth  part  of  a  whole  circle,  as 
the  figure  CAG. 

Note.  All  circles,  whether  great  or  small,  are  supposed  to  have  their  cir- 
cumference divided  into  360  equal  parts,  called  de^es,  and  each  depee  into 
60  equal  parts,  called  minutes ;  and  each  minute  into  60  equal  para,  called 
seconds,  and  so  on  Into  thirds,  fourths,*  be.  and  an  arch  is  said  to  be  of  as 
many  degrees  as  it  contains  parts  of  the  360,  into  which  the  eircumference 
is  divided. 

'  A  new  dhisUm  of  tbe  drcamfAwnoe  of  dis  cirde  Iim  lately  been  aflopted  \n  eereral  cntineiit 


Fcench  mathematidaiM,  la  vhich  the  duwlmnt  Is  divided  into  I00«,  mch  degree  into  lOC^  eech  mi- 
nute Into  lOO",  &C.  end  teMae  of  logaiithme  have  been  published  coaformable  thereto.  The  eeneral 
adoption  of  this  division  would  tentTgmtly  to  facilitate  most  of  tlie  calculatipns  of  fiarigaliop  aod 
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GEOMETRY. 

XI. 

An  Angle  is  the  inclination  of  two  lines  whidi 
meet,  but  not  in  the  same  direction. 

An  angle  is  usualFy  expressed  by  the  letter  placed' 
at  the  angular  point,  asTne  angle  A,  But  when  two 
or  more  angles  are  at  the  same  point,  it  is  then  ne- 
'  cessary  to  express  each  by  three  letters,  and  the  let- 
ter at  the  angular  point  is  placed  between  the  two. 
Thus,  the  angle  formed  by  the  lines  AB,  AC,  is  call- A 
«d  the  angle  BAG  or  CAB,  and  that  formed  by  AB,  AD,  is  called  the  angle 
BAD,  or  DAB. 

An  angle  is  measured  by  %  arch  of  a  circle  comprehended  between  the  ttea 
legs  that  form  the  an^le,  the  centre  of  the  circle  being  the  angular  point* 

Thus  the  angle  A  is  measured  by  the  arch  BC  describ- 
ed round  the  point  A  as  a  centre,  and  the  angle  is  said  to 
be  of  as  many  degrees  as  the  arch  is,  that  is,  if  the  arch 
BC  is  3(P,  then  the  angle  BAC,  is  said  to  be  an  angle  of  SO  A  * 
degrees. 

xn.  c 

If  a  right  line  AB,  fall  upon  another  DC,  so  as  to  incline  neither  to  the  one 
dide  nor  the  other,  but  makes  the  angles  ABC, 
ABD,  equal  to  each  other  ,*  then  the  line  AB  is 
said  to  be  perpendicular  to  the  line  DC,  and  each  of 
these  angles  is  called  a  right  angle,  being  each  equal 
to  a  quadrant  or  90^;  because  the  sum  of  the  two 
angles  ABC»  ABD,  is  measured  by  the  semicircle 
DAC,  described  on  the  diameter  D6C,  and  cen- 
trcB. 

XIII. 
'  An  Acute  Angle  is  less  than  a  right  angle,  as 
ABC. 


XIV. 

An  Obtuse  Angle  is  greater  than  a  right 
angle,  as  6£H.  • 

The  least  number  of  right  lines  that  can 
faiclude  a 'space,  are  three  which  form  a  fi- 
gure called  a  Vrinngh,  consisting  of  six 
parts,  viz.  three  sides  and  three  angles:  it 
19  distinguished  into  three  sorts,  viz.  a  right 
angled  triangle,  an  obtuse-angled  triangle, 
and  an  acute*aBgled  triangle. 

XV. 

A  Rioht4nglei>  Triangle  has  one  of  its  angles  right ; 
the  side  opposite  the  right  angle  is  called  the  hifpotenuse  ; 
and  the  other  two  sides  are  called  legs ;  that  which  stands 
upright,  is  calkd  the  perpendteular,  and  the  other  the 
hose ;  thus  BC  is  the  hypotenuse,  AC  the  perpendicular, 
and  AB  the  base ;  the  angles  opposite  the  two  tegs  are 
both  acute. 


zn 


B        B 


XVL 
An  Acute- AN gleh-Trianole  has  each  of  its 
angles  acute,  as  DEC . 
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XVII. 

An  Obtuse-Angled  Triangle  has  one  of  ite 
angles  obtuse,  or  greater  than  a  right  angle,  as 
!RAF ;  the  other  two  angles  are  acute. 

'  NOTE.  All  triangles  tbat  are  not  right  angledf  whether  tliey 
are  acute  or  obtuse,  nre  in  general  terins  called  obtijue-angUd 
triawtes.  wltboui  any  other  distinction. 

•XVIII. 

A  Quadrilateral  figure  is  one  bounded  by 
four  sides,  as  ACDB.  If  the  opposite  sides  are 
parallel  they  are  called  parallelograms.  Thus 
if  AC  be  parallel  to  BD,  and  AB  parallel  to  CD, 
the  figure  ACDB  is  a  parallelogram.  A  parallelo- 
gram having  all  its  sides  equal,  and  its  angles  right, 
is  called  a  si^uare,  as  B.  When  the  angle* 
are  right,  and  the  opposite  sides  only  equal,  it 
is  called  a  rectangle,  as  A. 


XIX. 

The  Sine  of  an  arch  is  a  line  drawn 
from  one  end  of  the  arch  perpendi- 
cular to  a  diameter  drawn  through 
the  other  end.of  the  same  arch  ;  thus 
RS  is  the  sine  of  the  arch  AS, 
RS  being  a  line  drawn  from  one  end 
S  of  that  arch,  perpendicular  to  DA 
which  is  the  diameter  passing  through 
the  other  end  A  of  the  arcli. 
XX. 

The»Co-siNE  of  an  arch  is  the  sine 
'  of  the  complement  of  that  arcfc,  or  of  _.  fy^ 
what  that  arch  wants  of  a  quadrant  ;^5^  JR.acUus 
thus  AH  being  a  quadrant,  the  arch 
SH  is  the  complement  of  the  arch 
AS  ;  SZ  is  the  sine  of  the  arch  SII, 
or  the  co-sine  of  tlie  arch  AS. 

XXL 

The  Versed  Sine  of  an  arch  is  that  part  of  the  diameter  contained  be- 
tween the  sine  and  the  arch ;  thus  RA  is  the  versed  sine  of  the  arch  AS,  and 
DOR  is  the  versed  sine  of  the  arch  DHS. 
XXII. 

The  Tangent  of  an  arch  is  a  right  line  drawn  perpendicular  to  the  diame- 
ter passing  through  one  end  of  the  arch,  and  terminated  by^  line  drawn, 
from  tlie  centre  through  the  other  end  of  the  arch ;  thus  AT  re  the  tangent 
of  the  arch  AS. 

XXIII. 

The  Cb-TANGENT  of  an  arch  is  the  tangent  of  th6  complement  of  that 
arch  to  a  quadrant;  thus  HC^.  is  the  tangent  of  the  arch  HS  or  the  co-tan-, 
gent  of  the  arch  AS. 

XXIV. 

The  Secant  of  an  arch  is  a  right  line  drawn  from  (he  centre  through  one 
end  of  the  arch  to  meet  the  tangent  drawn  from  the  other  end ;  thus  CT  is 
the  secant  o f  the  arch  AS . 
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XXV. 

The  Co-SECAXT  of  an  arch  w  the  secant  of  the  complement  of  that  arcli  to 
a  quadrant,  thus  CG  is  the  secant  of  the  arch  SH,  or  co-secant  of  the  arch  AS. 

XXVI. 

What  an  arch  wants  of  a  semicircle  is  called  the  Supplement  of  the  arch, 
thus,  the  arch  DHS  is  tlie  supplement  of  the  arch  AS.  The^sine,  tangent,  or 
secant  of  an  arch,  is  the  same  as  the  sine,  tang;ent,  or  secant  of  its  supplement; 
thus,  tlic  sine  of  80O=sme  of  100^,  and  the  sine  of  70O=:ssine  of  HO^,  &ic. 

XXVII. 

If  one  line  AByaU  ant/  way  upon  another  CD y  the  i      y 

sum  of  the  two  angles  ABD,  ABC  w  always  equal  to  y^^^^^^^^X 

two  right  angles,         *  •       /^  ^^ 

For  on  the  point  B  as-a  centre,  describe  the  cir-         /  y^  \ 

cular  arch  CAD,  cutting  the  line  CD  in  C  and  D ;         f.  /^ J 

then  (by  art,  6)  this  arch  is  equal  to  a  semicircle,  but       ^         ^^  ^ 

it  is  also  equal  to  the  sum  of  the  arthes  C  A  and  AD,  the  measures  of  the  two 
angles  ABC,  ABD  ;  therefore  the  sum  of  the  two  angles  is  equal  to  a  semi- 
circle, or  two  right  angles.  Hence  it  b  evident  tliat  all  the  angles  which  can 
1)6  made  from  a  point  in  any  line,  towards  one  side  of  the  line,  are  equal  to 
two  <ight  angles,  and  that  all  the  angles  which  ean  be  made  about  a  pouit,  are 
equal  to  four  right  angles. 

xxvni. 

//  a  line  AC  cross  another  BD  in  the  point  E,  the  opposite  angles  wUl  he 
equal,  viz.  BEA=CED,  and  BEC=:AED.  ^ ^       C> 

Upon  the  point  E  as  a  centre,  describe  flie  circle 
ABCD  ;  then  it  is  evident*  that  ABC  is  a  semicircle, 
as  alsoBCD  (by  theUh) therefore  tlie  arch  ABC  =archB    /  g^ 

BCD,  taking  from  both  the  common  arch  BC,  there" 
remains  AB= CD,  that  is,  the  angle  BE  A  equal  to  the 
angle  CED.    After  the  same  manner  we  may  prove 
that  the  angle  BEC  is  equal  to  tlie  an^e  AED. 

XXIX. 

If  a  line  GH  cross  tipo  parallel  lines,  AB,  CD,  it  makes  the  external  opposite 
angla  efual  to  each  other,  viz.  GEB=CFH  cnrf  AEG=HFD. 

For  smce  AB  and  CD  are* parallel  to 
each  other,  they  may»be  considered  as  one 
broad  line,  and  GH  crossing  it ;  then  the 
vertical  or  opposite  angles  GEB,  CFH- 
are  equal  (by  art.  iS)  as  also  AEG=HFD. 

XXX. 

If  a  line  GH  crow  two  parallel  lines^ 
AB,  CD  (see  the  figure)  the  alternate  an- 
gles AEF  and  EFD,  or  CFE  and  FEB 
fire  equal. 

For  GEB=AEF  (art,  28;  as  also  CFH=EFD  (by  the  same  art.)  but 
OEB=CFH  by  the  last.  Therefore  AEF  is  equal  to  EFD ;  in  the  same  way 
may  we  prove  FEB=CFE. 

XXXI. 

//  a  line  GH  cross  ttoo  parallel  lines  AB,  CD  (see  the  preceding  figure)  the 
external  angle  GEB  is  equal  to  the  internal  opposite  one  EFD,  or  AEG  equal 
to  CFE. 

For  the  angle  AflF  is  equal  to  the  angle  EFD  by  the  last,  and  AEF=GEB 
(by  art,  28;  therefore  GEBrrEFD;  in  tlie  same  way  we  may  prov«^ 
AKG=CFE.  XXXH. 

If  a  line  GH  cross  tteo  parallel  lines  AB,  CD  (see  the  preceding  figure)  the 
Sinn  of  the  two  internal  angles  BEF  and  DFE,  or  AEF  and  CFE  is  equal  to 
tfpo  right  angles. 

For  since  the  angle  GEB  is  equal  to  the  angle  EFD  (by  the  last)  to  both 
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Add  the  angle  BEF,  and  we  have  GEB+BEF=B£F+EFD,  but  GEli4' 

BEFatwo  right  angfesYort.  27.;    Hence  BEF+EFD=two  right  angles ; 

and  m  the  same  manner  we  may  prove  AEF+CFE=two  right  angles. 

XXXIII. 
In  any  triangle  ABC,  one  of  its  legs,  as  BC  being  produced  toufords  D,  ^ 
external  angle  ACD  is  equal  to  the  sunt  of  the  intemal  and  opposite  angles 
ABC,  BAG. 

To  prove  this,  through  C  draw 
•CE  parallel  to  AB;  then  since 
CE  IS  parallel  to  AB  and  the 
lines  AC,  BD  cross  them,  the  an- 
gle ECD=ABC  (by, article  3i; 
and  ACErrBAC  (fnf  article  30)B 
adding  these  together  we  have 
ECD+ACE=:ABC+BAC;  but 
ECD+ACE=ACD,  therefore  ACD=ABC+BAC. 

XXXIV. 
Hence  it  may  he  proved  ihat  if  tmy  two  Unts  AB  and  CD,  he  crossed  hy  a 
third  line  EF,  and  the  alternate  angles  AEF  and  EFD  he  e^,  the  lines  AB 
and  CD  mil  heparallcL 

For  if  they  are  not  piirallel, 
they  must  meet  each  other  <m 
one  side  of  the  line  EF  (suppose 
at  G)  and  so  form  the  triangle 
EGF,  one  of  whose  sides,  GE 
being  produced  to  A,  the  exte- 
'  rior  angle  AEF  must  (by  the  pre- 
ceding article)  be  equal  to  the 
sum  of  the  two  angles  EFG  and 
EGF;  but  by  supposition  it  is 
equal  to  the  angle  EFG  alone; 
therefore  the  angle  AEF  must  be 
equal  to  the  sum  of  the  two  an- 
gles EFG  and  EGF,  and  at  the  same  time  equal  to  EFG  alone,  which  is  ah^ 
Burd :  therefore  Uie  lines  AB,  CD  cannot  meet^  and  must  be  parallel. 

XXXV. 

•In  any  right  lined  triangle  ABC,  the  sum  of  the  three  angles  is  equal  to  firo 
right  angles. 

To  prove  this,  you  must  produce  BC  (in  the  fig.  art.  33,^  towards  D,  then 
(hy  art,  33;  the  external  angle  A6D=ABC-fBAC,  to  both  add  the  angle 
ACB  and  we  have  ACD+ ACB=ABC+BAC+ACB,  but  ACD+ ACB=r 
two  right  angles  (hy  art.  9,1.)  Hence  ABC+BAC+ ACB=two  right  angles ; 
therefore  the  sum  of  the  three  angles  of  any  plam  triangle  ACB  is  equal  to 
two  right  ahgles. 

XXXVI. 

Hence  iit  any  plain  triangle^  if  one  of  Us  angles  he  known,  the  sum  of  tii/t 
tfther  two  unll  be  also  krunmu 

For  by  the  last  article  the. sum  of  all  three  angles  is  equal  to  two  right  an- 
gles or  180^,  hence,  by  subtracting  the  given  angle  from  180^,  the  remainder 
will  be  the  sum  of  the  other  two. 

In  any  ri^ht  angled  triangle,  the  two  acute  angles  taken  togetlitr  are  jttst 
equal  to  a  right  angle :  for  all  three  angles  being  eaual  to  t^'o  right  angles, 
and  one  angle  being  right  by  supposition,  the  sum  ol  the  otliiT  two  must  be 
equal  to  a  right  angle,  consequently  any  one  of  the  acute  angles  being  given, 
the  other  one  may  be  found,  by  subtracting  tlie  given  one  from  90  degrees. 
•  XXXVII. 

If  in  any  two  triangles  ABC,  DEF,  tiro  legs  of  the  one,  AB,  AC,  be  equal 
to  tiw  legs  of  the  qf^hcr  DE,  DF,  eacA  to  emk  respeptivj^ty,  tf^at  ?>  AB=DE  md 
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ACssDF,  and  ike  angkt  BAG,  EDF  4nehtded  bettoeen  tht  equai  kgi  be  epml } 
then  the  nmammg  kgo/ihemie  trill  he  eaual  to  the  remaining  leg  of  the  otiSr^ 
mi  ike  anglesopponie  to  the  eqwd  legs  wul  be  tqualj  that  if,  BCsEF,  ABCs 
DEF,  and  ACB=sDFE. 

Fo^  if  the  triangle  ABC  be  suppos- 
ed to  be  lifted  up  «Lxid  put  upon  the  tri- 
angle DEF,  with  the  point  A  on  the 
point  D  and  the  line  AB  upon  DE ;  it  ia 
plain,  since  ABsDE,  that  thepomt  B 
wiU  fall  upon  E,  and  since  the  angles 
BAG,  EDF  are  equal,  the  line  AG  will  B  i 
fdl  upon  DF,  and  these  lines  being  of  • 

equal  length,  the  j>oint  G  will  fall  upon  F,  consequently  the  line  BG  will  h\V 
exactly  upon  the  line  EF,  and  the  triangle  ABG  will  in  all  respects  be  exact- 
]y  equal  to  the  triangle  DEF,  and  the  angle  ABG  will  be  equal  to  the  angle 
DEF,  also  the  angle  AGB  will  be  equal  to  me  angle  DFE. 

XXXVIIL 
the  same  manner  it  may  be  proved  thatif  tn  any  two  triangles  ABCt 
'  (see  the  pre<»<dU{nK  figure)  two  angles  ABG  on^  AGB  of  the  ont^  he  eoiio£ 


BE 


to  two  anfUs  DEF,  DFE  of  the  other,  and  the  included  side  BG  be  ttfimX  to  EF ; 
ihjt  renutining  sides  and  inclnded  angles  wiU  also  be  equal  to  each  other  rtsfec- 
tMy,  thai  is,  AB=DE,  AG=$DF,  and  the  an^le  BACszanglf  EDF. 

For  if  th^  triangle  ABG  be  supposed  to  be  hfted  up  and  laid  upon  the  tri- 
angle DEF,  the  point  B  being  upon  the  point  £,  and  the  line  BG  upon  the 
]ine  EF;  then  since  ^GsacEF  the  point  G  will  fall  upon  the  point  F,  and 
ahice  the  angle  AGBaethe  angle  DFE,  the  line  GA  will  fall  upon  the  line  FD, 
and  bv  the  same  way  of  reasoning,  the  tine  BA  will  faU  upon  the  line  ED» 
therefore  the  point  of  mtersection  A  of  the  two  lines  BA,  GA,  will  fail  upon 
D,  the  pofait  of  intersection  of  tHe  lines  ED,  FD,  consequently  ABsDE, 
•  AG=:'DF»  and  the  angle  BAGs=l|e  angle  EDF. 

Jf  two  sides  of  a  triangle  are  equal^the  .angles  , 
offosUe  ihUe  sides  will  also  be  espial ;  Aat  is,  if 
ABs? AG,  th^  anfles  ABG,  AGB  will  also  ^  equal. 

For  draw  the  line  AD  bisecting  the  angle  BAG, 
and  meeting  the  line  BG  in  D,  diridinjj  the  triangle 
BAG  into  two  triangles  ABD,  AGD,  in  which  wJi^ 
side  ABs;  AG,  the  side  AD  is  common  to  both  tri-  D 

angles,  and  the  angle  BAD  ssthe  angle  DAG ;  con-  « 

sequently  (by  art,  S7)  the  angle  ABD  must -be  eoual  to  the  angle  AGD. 

The  converse  of  this  prqxi^ition  is  also  true ;  t&at  is,  \f  two  angles  of  a  txf^ 
angle  are  equal,  the  opposite  sides  are  al$o  equal.  This  is  demonstrated  nearly 
IB  the  same  manner  by  means  oi  art  98.  • 

XJL. 

Any  angle  at  the  cireumfertuee  of  a  circle  is  half  the  angle  at  the  centta 
standmg  upon  the  same  arch. 

Thus,  the^angle  BAD  is  half  the  angle  BGD  standing 
Upon  the  same  arch  BD.of  the  circle  BEDA*  whose  cen- 
tre is  G*  To  demonstrate  this,  draw  through  A  and  the 
centre  G  the  right  line  AGE,  theti  (by  art.  9S)  the  angle  I 
CAD'^angleGDAsani^eEGDfbut  AG=GD(beingtwo  ^ 
radii  of  the  same  circle)  therefore  (by  art.  39/ the  angle 
CADsthe  angle  GD A«teid  the  sum  of  these  two  angles  is 
the  double  of  either  of  them,  that  is,  C AD-f  GDA=twice 
CAD,  therefore  £GD=twice  GAD ;  in  the  same  manner  it  may  be  proved 
that BGBactwice  BAG,  andby  adding  these  together,  we  have  EGD+BGE 
stwice  GAD-|-twiee  BAG,  that  is,  BGDstwice  BAD,  or  BAD  equal  io 
half  of  BGD.  The  demonstration  i#  similar  when  B,  D,  fall  on  the  s.aipe 
side  of  B- 

D  .       *   ' 

Digitized  by  VjOOQIC 


10 


GEOMETRY. 


XLI. 

An  angle  at  the  eircumferenee  is  measured  by  hcdfUu  arch  U  subiemb. 

For  an  angle  at  the  centre  standing  on  the  same  arch  j) 

is  measured  by  thie  wh6Ie  arch  (by  art,  II)  f  but  since  an 
angle  at  the  centre  is  double  that  at  the  circumference, 
fart.  40)  It  is  evident  that  an  angle  at  the  circumference  ^/ 
must  be  measured  by  «half  the  *arch  it  stands  upon* 
Hence  all  angles  ACB,  ADB,  AEB,  Sic.  at  the  circum- 
ference of  a  circle  standing  on  Hhe  same  chord  AB  are 
equal  to  each  other ;  for  they  are  all  measured  by  the  same 
arch,  viz.  half  the  arch  AB. 

XLII.  ' 

An  angle  in  a  segment  greater  than  a  semicircle  is  less 
than  a  right  angle. 

Thus  if  ABC  be  a  segment  greater  than  a  semicircle, 
the  arch  AC  on  which  it  stands  must  be  less  than  a  semi- 
circle, and  the  half  ofMt  less  than  a  quadrant  or  a  right 
angle ;  but  the  angle  ABC  \n  the  segment  is  measured  ^ 
by  the  half  of  the  arch  AC ;  therefore  it  is  less  than  a 
right  angle. 

An  angle  in  a  semicircle  is  a  right  angle. 
• 
For  since  DEF  is  a  semicircle,  the  arch  D£F  must 
also  be  a  semicircle ;  but  the  angle  DEF  is  measured  byj| 
half  the  arch  DKF,  that  is,  ^by  half  a  semicircle  or  by 
a  quadrant ;  therefore  the  angle  DEF  is  a  right  one. 

'    An  angle  in  a  segment  kss  ihan,a  semicircle  is  greater 
than  a  right  angle.  '    P 

Thus  if  0HI  be  a  segment  less  ti^  a  semicircle,  the 
arch  GLI  on  which  it  stands  must  He  greatier  than  a  se-^ 
micircle,  and  its  half  greater  than  a  quadrant  or  riglit 
angle :  therefore  the  angle  6HI  which  is  measured  by 
half  the  arch  OLI  is  greater  than  a  right  angle. 

xLin. 

If  from  ihe  centre  C  of  the  circle.  ABE,  there  be  let  fall 
the pervendieuktr  CD  on  the  chord  AB;  it  wiU  bisect  the^ 
chord  tn  the  point  D. 

Draw  the  radii  CA,  CB^  then  (by  art.  S9)  the  angle 
CBAssthe  angle  CAB,  and  as  the  angles  at  D  are  right, 
the  angle  ACD  must  be  equal  to  the  angle  BCD  (by  art. 
96.)  Hence  in  the  triangles  ACD,  BCD,  we  have  the 
angle  AC!!D  equal  to  the  angle  BCDf  PA=CB  and*CD 
conunon  to  both  triangles,  consequently  (by  art.  S7) 
AD=DB,  that  b,  AB  b  bisected  at  D. 

XLFV. 

If  from  the  centre  C  of  the  dr^e  ABE  there  be  drawn  a  perpendicular  Cl>^ 
to  the  chord  AB,  and  it  be  continued  to  meet  the  circle  in  F,  it  will  bisect  the 
arch  AFB  in  F.    (See  the  preceding  figurei) 

For  in  the  last  article  it  was  proved  that  the  angle  ACD  == the  angle  BCD, 
hence  (by  art.  1 1)  the  arch  AF=the  arch  FB. 

,  XLV. 
Any  line  bisecting  a  chord  at  right  angles  is  a  diameter. 

For  since  (by  art.  4S)  a  line  drawn  from  the  centre  perpendicular  to  a  chord, 
bisects  that  chord  at  right  angles,  therefore  conversely  a  line  bisecting  a  chord 
at  right  angles,  must  pass  through  the  centre,  and  consequently  be  a  dlatneter. 


H 
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XLVl. 

Tht  sint  of  any  arch  is  equal  to  haifthe  chord  ofttcke  thai  drch. 

For  (in  the  last  scheme)  AD  is  the  aiQe  of  the  arch  AF,  and  AFia  equal  to 
lialf  the  arch  AF6  and  AD  half  the  chord  AB,  whence  the  proposition  is 
manifeat. 

XLVn. 

If  two  equal  and  parallel  lines  AB^  CDy  be  joined  bu  \^ 
iico  others,  A  C,  BD,  these  wQl  he  also  equal  andparallet  *    ' 

To  demonstrate  this,  joui  the  two  opposite  angles 
A  and  D  with  the  line  AD ;  then  it  is  evident  that  the 
line  AD  divides  the  qoadrilateral  ACDB  mto  two  tri-^  ■  '  ^^"^^ 

angles  ABD,  ACD,  in  which  AB  is  equal  to  CD  byC  •" 

supposition,  and  AD  is  common  to  both  triangles ;  and  since  AB  is  parallel  to 
CD,  the  angle  BAD  is  equal  to  the  angle  ADC  (by  art.  90;,  therefore  in  the 
two  triangles,  the  sides  AB,  AD,  and  the  angle  BAD  arc  equal  respectively 
to  the  sides  CD,  AD,  and  the  angle  ADC  ;  hence  (by  art.  97)  BD  is  equal  to 
AC,  and  the  angle  DAC  equal  to  the  angle  ADB ;  therefore  (by  art.  34^  the 
lines  BD,  AC,  must  be  parallel. 

Cor,  Hence  it  follows  tliat  the  quadrilateral  ARDC  is  a  parallelogram,  since 
the  opposite  sides  are  parallel,  it  is  also  evident  that  in  any  parallelogram, 
the  line  joining  the  opf^osite  angles  ('called  the  diagonal)  as  AD,  divides  the 
ISgure  into  two  equal  parts,  since  it  has  been  proved  that  the  triaji|^es  ABD, 
ACDt  afc  equal  to  each  other. 

XLVUL 

It  follows  also  from  the  ))receding  article,  that  a  triangle  ACD  (suthepre-^ 
ceding  figt^e)  on  the  same  base,  and  betwem  the  same  parallels  with  a  parol- 
Ulogravt  ABDC,  is  the  half  fkf  that  parallelogram,  * 

From  the  same  article  it'also  follows,  that  the  opposite  sides  of  a  parol- 
'  lelogram  are  equal.    For  it  has  been  proved^  that  ABDC  being  a  parallelo- 
gram, AB  i»  equal  to  CD,  and  AC  equal  to  Bt>. 

±j. 

AU  parallelograms  on  the  same  or  equal  bases,  jand  between  the  same  parol- 
lels,  are  equal  to  each  other;  that  is,  if  BD  and  GH  be  equals  and  the  lines 
EH,  AF  be  parallel,  the  parallelograms  ABDC,  BDFB  and  EFHG  will  be 
equal  to  each  other. 

For  AC  is  equal  to  EF  each  being 
equal  to  BD  (by  art.  49)  to  both  add 
C£  and  we  have  AE  equal  to  CF; 
therefore  in  the  two  triangles  ABE, 
CDF ;  AB  is  equal  to  CD,  and  AE  is 

equal  to  CF,  and  the  angle  BAE  is] 

equal  to  DCF  (by  art.  S\J  therefore  B     J>  .^  G*       H 

the  two  triangles  ABE,  CDF  are  equal  (by  art.  97)  and  taking  the  triangle 
CKE  fronf  both,  the  figure  ABKC  i5  equal  to  the  figure  KDFE,  to  both  which 
add  the  little  triftngle  KBD,  and  we  luive  the  parallelogram  ABDC  equal  to 
the  paratlelogram  BDFE.  In  the' same  way  it  may  be  proved  that  the  pa- 
raUelogram  EFHO  is  equal  to  the  parallelogram  BDFE ;  therefqi^  the  three 
par&llelograms  ABDC,  BDFE,  and  EFHG  arc  equal  to  each  other. 

Cot.  Hence  it  follows,  that-  triangles  on  the  same  base  and  between  the  same 
parallels  ate  equal,  since  they  are  the  half  of  the  parallelograms  on  the  same 
base  »ad  between  the  same  patallels  (by  art.  iB,)  * 

LI»  ^^ 

In  any  right  angled  triangle,  the  square  of  the  hypotenuse  is  equal  to  the  sum 
of  the  squares  of  the  tumsi&s.  Thus  if  BAG  be  a  right  angled  triaHgle  the 
square  of  ife  hypotenuse  BC,  viz.  BCMH,  is  equal  to  the  sum  of  the  squares 
made  on  the  tm^ides  AB  and  AC,  viz.  to  ABDE  and  ACGF. 

To  demonstrate  this,  through  the  point  A  draw  AKL  perpendicular  to  the 
hypotenuse  BCJ.    Join  AH,  AM,  DC,  and  BG ;  then  it  is  evident,  that  DB 
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'is  equal  to  BA  (hy  art.  IZ)  and  BH  equal  to  BC. 
DEC,  ABH,  the  two  legs  DB/BC  of  the  one  are 


therefore  in  the  triangles 


f^qual  to  the  two  legs  AB,  BH,  of  the  other;  and 
the  included  angle?  DB€  and  ABH  are  also  equal, 
(for  DBA  is  equal  to  CBH  being  both  right,  to  each 
add  ABC  and  we  have  PBC  equal  to  ABH)  there* 
•  fore  the  triangles  DBCf  AbH  are  equal  (hy  art.  S7) 
hut  the  trian^e  DBC  is  half  of  the  square  ABD^ 
(hy  art  48  j  and  the  triangle  ABH  is  half  the  paral- 
leloerara  BKLH  (}>y  the  same  art)  consequentij  the 
square  ABDE  is  equal  to  the  parallelogram  BKLH. 
In  the  same  way  it  may  be  proved  that  the  square 
ACGF  is  equal  to  the  parallelogram  KCML. 
Therefore  the  sum  of  the  squares  ABDE  and 
AC6rF  18  equal  to  the  sum  of  the  parallelograms  BKLH  and  KCML ;  but 
the  sum  of  these  parallelograms  4s  equal  to  the  square  BCMH,  therefore  the 
mm  of  the  squares  on  AB  and  AC  is  equal  to  the  square  on  BC 

Cor,  Hence  in  anj  right  angled  triangle,  if  we  have  the  hypotenuse  and' 
one  of  the  legs,  we  may  easily  find  the  other  leg,  by  taking  the  square  of  ^ 
given  leg  from^lie  square  of  the  hypotenuse,  the  square  root  of  the  remainder 
win  be  the  sought  leg.  Thus  if  the  hypotenuse  was  13,  and  one  leg  was  5, 
the  other  teg  would  b%  12,  for  the  square  of  5  is  t5,  and  the  sc^are  of  19  is 
169,  subtracting  £5  from  169  leaves  144^  the  square,  root  of  which  is  1£*  If 
both  legs  are  tciven,  the  hypotenuse  may  also  b^  found  by  extracting  the 
square  root  of  the  sum  of  the  squares  of  the  legs ;  thus  if  one  le^  yras  6,  and 
the  other  8,  the  square  of  the  first  is  d6,  the  sqnar^  of  the  second  is  64,  adding 
56  and  64  together  gives  100,  who9e  square  root  is  10,  whith  is  the  sought 
hypotenuse. 

Ln. 

Four  auantUies  art  said  to  he  proportional^  uhen  the  magmtude  of  the  first 
comvarea  with  the  second  is  the  same  as  At  magsiitude  of  the  third  compared 
mtn  the  fourth. 

Thus  4,  8, 12  and  24,  are  proportional,- because  4  is  .half  of  8,  and  IS  is  half 
of  24 ;  and  if  we  lake  equi-muitiples  Axdj  Ax^,  o(  the  qiiantitiee  a  and  5, 
and  other  equi-muttiptes  jBx^z,  Bx  ^^  of  the  same  <][uantities  a  arid  6,  the  four 
quantities  Axoj  Axh^  Bxa^  Bxh  will  be  proportional,  for  .i  X  a  compared 
vMk  Ax h  is  of  the  same  milgnitude  a&a  compared  with  6,* and  Bxa  com- 
pared with  BxhiB  aliso  of  the  same  magnitude  as  o  compared  with  b, 

LlTl. 

In  any  triangk  AGg  if  a  Une  Ee  he  draum  parattel  to  either  of  ths  sides,  as 
Og,  the  side  Agjuu//  he  to  A£,  as  A%  to  X^f  or  as  Q^  to  Ee. 

To  demonstrate  this,  upon  the  line  . 

AG  take  the  line  AB  so  that  a  certain  ^ 

multiple  of  it  may  be  equal  to  AE,  .   ^/\\a 

and  another  multiple  of  it  may  be  -a^V  '   A 

equal  t6  AG;   this  may  be  always  ^ v^\       \  hl  \ 

done  accurately  when  AE  and  AG  .    j^  \       V^  \lf^ 

are  commensurable ;  if  they  are  not  Cur    \  ^    \!P    V       \t/*  • 

accurately      commensurable,      the        ^^y^x       \  O^  \       \       \ 

iruantity  AB  may  be  taken  so  small  3f^*  \  tp  \       t a \^ 

that  cqftain  multiples  of  it  may  differ  >>^  \       V-"    \       \        \        \^ 
from  AE  and  AG  respectively  by  b      ^      i/      ?     ^     "^ 

quantities  less  lian  any  assignable.  Qn  the  line  AG,  take  BC,  CD,  D£,  £F» 
FG,  kc-  each  equal  to  AB,  and  through  these  points*  jiraw  the  lines  Bb,  Cc, 
fcc  parallel  to  Gg,  cutting  the  Ime  Ag  in  the  pomts  brc,  d,  e,  &e.  draw  also 
the  lines  BM,  CL,  DK,  &c.  parallel  to  Ag,  cutting  the  former  teraUelB  in  the 
pomts  N,  O,  P,  &c  and  the  line  Gg  in  the  points  M,  L,  K,  &c.  Then  the 
triangles  ABb,  BCN,  CDO,  &&c.  are  similacr  and  equal  to  each  other:  for  the 
.  Jhies  Bb,  CN  are  parallel,  therefore  the  angle  ABbssBCN  (hy  art.  Si)  and 
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to  tht  equal  angU9  wiU  U  prpporHotir 
BCxhc;  and  AC  lacii  EC  ibc. 


by  the  same  article  !he  angle  BAb  is  equal  to  CBN  (because  BN  b  parallel 
to  Ab)  and  by  construetion  ABsBC,  therefore  (hy  art.  9%)  the  tnanglee 
ABb  and  BCN  are^qual  to  eadi  other;  and  id  the  same  manner  we  may 
prov9  that  the  otiiers  CDO,  DEP,  EFQ,  Uc  are  equal  to  ABb.  Therefore 
Ab&BN:=sCO^DP,  &(c.  and  BbsCNsDOsEP,  kc.  but  f^y  ort.  49> 
BNsBc,  COs:cd,  DPssde ;  therefore  Absbesscd^ade,  kc  and  since  (In^ 
€Oftftnictiofli/AB=:BC=:CD,  &lc.  any  Mne  A£  is  the  same  multiple  of  AB  as 
the  corresponding  line  Ae  is  of  Ab;  and  AG  is. the  same  multip^  of  AB  as 
Ag  is  of  Ab ;  therefore  the  lines  AO,  AE,  Ag,  Ae,  are  {iroportional  (hy  art, 
, 6t;)  Ihat  is,  AG  is  to  AE  as  Ag  i«  to  Ae;  and  in  a  similar  manner  we  may 
prove  diat  AG  is  to  A£  as  Gg  is  to  £e.  . 

^     UV. 

If  any  h9o  triangks,  ABC,  ahcj  are  tmiiar^  or  have  all  ike  anflet  of^  ofie» 
tqwd  toaUihe  angles  of  ike  oiker^each  to  each  respectw^y^  Aat  t«,  CAB^zeab^ 

ACB:siach,ABC=sabc;iheki  

<il,vh.ABiab:;ACiae;  AB 

To  prove  this,  set  off  upon  a 
side  AB  of  the  largest  triangle 
AEssab,  and  through  E  draw 
EB  parall^  to  BC,  to  meet  AC. 
in  D,  then  since  DE,  BC  are 
parallel;  the  angle  AED  is  equal 
to  ABC  (hyart.  91}  and  this  fhp 
ti^^podtion)  i^  equal  io  the  ande 
abc;  also  the  angle  DAE  Is  f6yA 
siq/potition}  equal  to  eab  \  there-  Z!        B. 

fore  in  the  triangles  ADE,  abc,  the  two  apgles  DAE,  AED  of  the  one,  ara 
equal  to  the  two  angles  cab,  »bc  of  the  other,  each  to  each  respectively,  and 
the  inchided  side  A£  fs  fhy  eonstruetionj  equal  to  the  included  side  ab; 
therefore  fhy  art.  86/ AD  is  equal  to  ac,  and  DE  equal  to  ife :  but  since  in 
the  tHangle  ABC  there  is  drawn  DE  paraDel  to  BC  one  of  its  sides,  to  meet 
the  other  two  sides  in  the  points  DE ;  therefore  (hy  the  preceding  art,) 
AB :  AE  : :  AC  :  AD,andAB :  AE  :^  BC  :  DE,and  AC  :  AD  : :  BC  :DE; 
if  ID  these  three  proportions  fdr  DE  we  put  its.  equal  be,  for  AE  put  ab,  and 
for  AD  put  ac;  they  wiQ  become  AB  :  ab  : :  AC  :  ac,  and  AB  :  ab  : :  BC  : 
'  bCf  and  AC  :  ac  : :  BC  :  be. 

LV. 

The  eK&rd^  ame,  tangent^  ^.  of  any  arch  m  one  etre/e,  istpihe  chord,  sine, 
tangent^  tfc.of  ike  tame  arch  in  anoUter,  aB  the  radius  of  the  one  is  to  the  roi- 
idius  of  ihe  otften 

.  Let  ABD,  abd,  be  two  dr- 
eles ;  BD,  bd,  two  arches  of 
these  circles,  e^ual  to  one 
another,  or  consisting  of  ihe 
same  number  of  degrees  ;^- 
FD,  fd,  the  tangents;  Bd, . 
l»d,  the  chords;  BE,  be,  the 
sinesr  &&C.  of  these  two  arch- 
es  BD»  bd,  and  CD,  cd,  thq 
radii  of  the  circles ;  then  CD: 
cd  : :  PD  :  fd,  and  CD  :  cd :  :* 
BD  :  bd,  ahd  CD  :  cd  : :  BE  : 
be,  kc*  For  since  the  arches 
BD,  bdf  are  equal,  the  anglei 
BCD,  bed,  are  also  equa^,  and 
FD,  fd,  being  tangents  to  th^ 
pi^nts  D  and  d,  the  angles 
CDF,  cdf  are  each  equarto 
a  light  angle   (hy  art.  fT;^ 
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therefore  since  in  the  two  triangles  CDF,  cdf,  the  two  angles  FCD,  CDF  of 
the  one,  are  equal  to  the  two  angles  fed,  cdf,  of  the  other,  each  to  each,  thn* 
remaining  angle  CFD^is  also  equal  to  the  remaining  angle  cfd,  (hy  art,  96  \) 
consequently  the  triangles  CFD,  cfd,  are  similar.  /The  triangles  BCD,  bed 
are  also  similar,  for  the  angle  CBD  is  eqifal  to  the  angle  CDB,  being  Ach 
subtended  by  the  radius ;  ti^erefore  /63(  €^.  36  j  each  of  these  angles  is  equal 
to  half  the  supplement  of  the  angle  BCD  ;  and  in  the  same  manner  the  an- 
gle cbd  or  cdb  is  equal  to  h^ilf  the  snpplendient  of  the  angle  bed,  and  sinc^ 
the  angle  BCD  is  equal  to  bed,  the  angles  of  these  tw^  triangles  must  be 
equal,  consequently  they  are  similar.  The  triangles  BCE,  bee  are  also  simi^ 
lar,  because  BE  is  parallel  to.FD,  and  be  parallel  to  fd.  Hence  we  obtain 
(hy  art.  54;  the  following  analogies.  CD  :  cd : :  FD :  fd ;  CD  :  cd : :  BD :  bd ; 
CB  :  cb  :  :  BE  :  be,  &tc. 

LVI.      . 

"Let  ABD  be  a  quadrant  of  a  circle,  described  by  the  ra- 
dhis  CD,  BD  any  arch  of  it,  BA  its  complement,  BG  or  CF 
the  sine,  CG  or  BF  the  co-sine,  DE  the  tangent,  AH  the  ^ 
co-tangent,  CE  the  secant,  and  CH  the  co-secant  of  that    m 
arch  BI).    Then  since  the  triangl^  CDE,  CGB,  are  simi^J^  - 
lar  or  equi-angular  we  shall  have  (by  art.  54>  DE  :  CE  :  : 
BG  :  Cfi,  that  is,  the  tangent  of  an  arch,  is  to  secant  of  the 
same,  as  the  sine  of  it  is  to  radius.    Also,  C£  :  CD  :  :  CB : 
CG ;  that  is,  the  secant  is  to  radius  as  the  radius  to  the  co- 
sine ofmn  arch.     Also,  CF  :  CA  :  :  CB  ;  CH,  that  is,  the  C  ^     G      39 
sine  is  to  radius  as  radius  to  the  co-secant  of  an  arch ;  and  since  the  triangle 
CAH  is  similar  to  the  triangle  CI3E,  we  have  AH  :  CA  :  :  CD :  DE,  that  ia, 
the  co-tangent  is  to  the  radius  as  the  radius  to  the  tangent  of  an  arch. 

.LVIF.        .,        ' 

In  ail  circles  J  the  sine  of  90^,  the  tangent  of  45^,  and  the  chord  of  60^,  are 
each  epiol  to  tht  radius.  '  ' 

For  in  the  circle  DFAEB,  let  the  arch  BE  be 
450,  the  arch  BA60O,  and  BF90O.  Draw  through 
the  centre  C  the  diameter  DCB  and  perpendicu- 
kr  (hereto  the  tangent  BG  meeting  CE  produced 
in  G ;  draw  the  chord  BA,  and  join  CF,  C A.— 
Then  since  the  arch  BF  is  90°,  DF  myst  be  90<5,  ^, 
whence  (by  art.  IZ  k.  19)  the  radius  CF  is  equal  -"^j 
to  the  sine  of  the  arch  BF,  or  sine  of  90°.  Again, 
in  the  triangle  CBG,  since  the  angle  CB6  is  90°, 
and  BCG  is  45°  by  supposition,  the  angle  CGB 

is  also  45°  (by  art.  36;  therefore/6y  art.  39;  BG  is  

equal  to  CB,  that  is,  the  tangent  of  45°  is  equal  to  the  radius.  Again,  the 
angle  AC^  is  60°  (being  measured  by^  the  arch  BA)  and  the  angle  CB  A  * 
is  also  60°  (being  measured  by  half  the  arch  AD=i20O  by  art.  40)  therefore 
(byart.  39;  C  A= AB^  that  is,  the  chord  of  60°  is  equal  to  the  radius. 

The  four  following  propositions  contain  the  demonstration  of  the  rules  by 
which  all  the  calculations  of  trigonometry  may  be  made ;  they  were  inserted 
here  in  order  to  prevent  an|r.  embarrassment^of  the  young  calculator,  from 
the  introduction  of  the  demonstrations  among  the  precepts  for  caiculatioinu 

Lvm. 

In  any  plane  triangle,  the  sides  are  proportioned  to  the  sittes  of  the  opposite 

angles* 
Let  ABC  be  the  triangle ;  produce  the  .  If  • 

lesser  side  AB  to  F,  making  AF  equal  to  ^      "     * 

BC ;  from  B  and  F  let  fall  the  perpendicu-  -^^^ 

'  lars  BD,  FE,  upon  AC  (produced  if  ne-  ^y^  /  ? 

cessary ;)  then  FE  is  the  sme  of  tl^e  angle  A^ 

A,  and  BD  is  the  sine  of  the  an^le  C,  the  1>    X! 
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tfidius  being  BG  equal  to 
AF;  now  the  taciangles  ABD, 
ATE,  having  the  angle  A 
common  to  both,  and  the* 
angle  D  equal  to  the  angle  E 
(being  each  equal  to  a  right 
angle)  are  sipai^ar;  hence  (hy 
art.  54)  as  AF  (or  its  equal 
BC)  is  to  AB,  so  is  FE  to 
BD ;  that  is,  BC  is  to  AB  as 
the  sine  of  the  ancle  A  is  to 
the  sine  of  the  angle  C. 


JB 


s 


..) 


LIX. 


In  any  triangle  (swpfonne  any  Me  to  he  the  hose,  and  calling  (he  othtr  two 
the  sides)  the  sum  oftkt  sides  is  to  their,  difference,  as  the  tangent  of  half  the 
sum  of  the  angks  at  the  base  is  to  the  tangtrU  of  half  the  difference  of  the  i 
angles. 

Thus,  in  the  triangle  ABC,  if  we  call  AB 
the  base,  it  Fill  be  as  the  sum  of  AG  and 
CB  is  to  thei»  difference,  so  is  the  tangent 
of  half  the  sum  of  the  angles  ABC,  BAG,  to 
'the  tangent  of  half  their  difference. 

£km.  With  the  longest  leg  CB  as  radius,  i 
describe  a  circle  about  the  centre  C,  meeting 
tiie  shorter  side  AG  (produced  oh  each 
side)-m  the  points  D  and  E,  join  £Bt  DB;  ^ 
draw  AH  'perpendicular  to  DB,  and  AP 
perpendihular  to  EB;  then  (by  art,  4i)  the 
angle  EBD,  being  in  a  semi^circle,  is  a  right 
angle;  and  the  triangles  AHD;  AFE,'are 
similar,  and  AF  is  equal  to  HB.  Moreover, 
since  CB  is  equal  to  CD  or  GE,  AD  is  the  sum  and  AE  la  the  difference  of 
the  legs  AG,  CB ;  likewise  (by  art,  S$)  the  angle  BCD  is  equ^  to  the  sum  oi 
the  angles  BAG,  ABC,  and  therefore  (by  art.  40)  the  an^  DEB,  or  it| 
equal  DAH,  is  equal  to  half  pie  sum  of  the  angles  at  the  base  ABC,  BAG. 
Again  (by  art.  39)  the  angle  BAG  is  equal  to  the  sum  of  the  angles  GEB  (or 
GBE)  and  ABE,  and  therefore  is  equal  to  the  sum  of  the  angle  ABC,  and 
twice  the  angle  ABE  ;  hence  the  angle  ABE  or  its  equal  BAH,  is  equal  to 
half  the  difference  of  the  angles  at  the  base. '  But  in  the  right  angled  triangles 
AHD,  AHB,  making  AH  radius,  the  l^s  DH,  HB  are  the  tangents  of  the 
lingles  DAH,  BAH,  or  the  tangents  of  half  the  ium  and  half  the  difference  <^ 
the  angles  at  the  base ;  but  by  reason  of  the  similar  triangles  AJEID,  AFE,.we 
have  AD  :  AE  :  :  DH:  AForHBt  that  is,  AD,  the  sum  of  the  legs  AGand 
CB,  IS  to  AE  their  difference,  as  DH  the  tangent  of  half  the  sum  of  the  angles 
at  the  base  (the  radius  being  AH)  is  to  HB  tl^e  tangent  of  half  the  difference 
of  the  same  angles,  (to  the  same  radius,^  and  therefore  (by  art.  55>  as  the 
tabular  tangent  of  half  the  sum  of  the  angles  at  the  base  is  to  the  tabular  tan* 
gent  of  half  the  difference  of  the  same  angles. 
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In  any  ^lane  trian^e  ABC)  if  the  line  CD  be  drawn  perpendicular  to  tfab 
base  46,  dividing  it  into  tw5  segments,  AD,  DB,  and  tJie  base  AB  be  bisect- 
ed in  the  point  H*  we  shall  have, 

As  the  biue  AB  if  to  the  nun  of  the  tidies,  AC,  BC,  90  is  the  difference  of  the 
sides  to  twice  the  distance  DHof  the  perpendicidar  from  the  mkUUe  of  the  b^e, 

Dem.  With  the  greater  side  CB  as  radius,  describe  about  the  centre  C  the 
circle  BFOE,  meetinc  the  other  side  produced  in  the  points  £  and  F,  and 
the  base  AB  produced  in  G ;  join  GF  and  BE.  Then  AE  is  the  sum,  and 
AF  the  difference  of  the  sides  AG,  CB ;  and  since  CD  is  perpendicular  to 
6B,  the  line  GB  is  bisected  in^  D  (^  art,  45)  and  aa  AB  is  bisected  in  H,  the 
line  AG  is  equal  to  twice  DH.  Now  in  the  triangles  BAE,  GAF,  the  angles 
ABE,  GFA  are  equal  {^art.4l\  and  the  angle  BAE  ia  equal  to  GAF  {by  art, 
128)  therefore  the  remaining  angles  AEB,  AGF,  are  equal,  and  the  trian|^es 
BAE,  GAF,  are  nmilar ;  consequently  {by  art.  94)  AB :  AE  : :  AF :  AG,  or 
twice  |ID,  which  is  the  proposition  to  be  demonstrated.  Having  thus  ob- 
tained HD,  we  may  find  the  segments  AD,  DB,  by  adding  HD  to  the  half 
base  HA  or  HB  and  by  taking  their  difference. 
LXI. 

In amf  plane triangki  thesquafe 
of  radius  is  to  the  square  of  the 
cosine  of  half  of  either  of  the  an* 
gies,  as  the  rectangle  contained  by 

the  two  sides  inchuUng  that  angle  ^ 

is  to  the  rectangle  contained  by  the.A^ 

JuUfswn  of  the  sides,  and  that  half  sun  decreased  by  the  side  ogposUe'to  that 

Thus  in  the  triangle  CBE,  the  aquare  of  ndioa  is  to  the  iquail)  ef  4he  co-one 

CB-fC£-fB£    CB+CE— BE 
of  half  the  angle  C,  as  the  rectangle  CBXCB  is  to X 

For  eontimie'EG  to  A,  maidiig   GA=€B,  draw    BD  perpendicidar  to  CE,  bl- 
aeet  CE  jn  H,  and  join  JlB.    Then  (sopporing  GB  to  be  greater  than  EB)  wa 

CB*— •BE* 

have  (^  art  ^}   CE  :  CB+BE  :  :  CB— BE  ^ =^HD;   by  adding 

CR 
♦  CB>— BEs+CEa 

half  this  to    half  the    base^CH,    we    hare  tifia    segment    CD=         « 

a.CE 
CB«— BE«+CE«-f-*CE-CB 
la    thk     ad4mg     CA     or      CB|     we   hare     AI>= 


9.CE 


CB+CEl*— BE*     CB4<}£4-BEXCB+CE^1E 

-   ■  =  Again,  AI>=iM)+CD=gB+CD  j 

«,CE  «.CE 

henee    AI>|s=GB*-f-3CB-CD+GD*  ^  ^^    BDs^qCBS— CD*  ;    hence    AX»^ 

AD*+BD*=**CB«+>CB.CD=:*CBXCB+CD=>GB  .  AD  ;  hence  AB*  :  AD*  :  : 

CB+CE+BE  ..  CB-H^£— BE 

*CB  :  AD=3 ^ ;  bat  AB  being  radius,  AD  is  the  co^ne 

2.CE      « 
of  the  angle  A,  which  is  equal  to  half  1 
of  radius  is  to  square  of  the  co<«ine  c 

gB+CE+BE    CB+GE— BE 


8-  3 

The  other  cases  of  this  proposition  jbay  bfe  deidonstrat^  in  the  same 
manner. 


96.Ufi        • 
,  which  is  equal  to  half  the  anj^e  C  (bv  art  40  ;)  tiierefoie  the  aqoart 
square  of  the  co.«me  of  half  the  angle  G,  as  the  rectai^  CE.GB  is 
CB-KE+BE    GB+GE— BE  ' 
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PROBLEM  I. 

7h  draw  a  Right  Line  CD  parallel  to  a  given  Right  Line  AB,  at  any  gtvfn 
distanee,  as  at  the  point  D. 
AViTH  a  pair  of  compasses-  take  the  nearest  "^ 
distance  bet^veen  the  point  D  and  the  given  /^0^\  .      ,.    Tl 
right  line  AB ;  with  that  distance  set  one  foot  of  \ 

the  compasses  any  where  on  the  line  AB,  as  at  A,  "'    '  "  ■   * 

and  draw  the  arch  C  on  the  same  side  of  the  line       /^ 
AB  as  the  point  D,  from  the  point  13  draw  a  line 
sp  as  just  to  touch  the  arch  C,  and  it  is  don^ ;  for  the  line  CD  will  be  pahtlltl 
to  the  line  AB>  and  at  the  distance  of  the  point  given  I>»  as  was  requiredi 

PROBLEM  II. 

«,  •         *• 

To  histct  or  divide  a  gi9en  line  AB  into  (tco 
equal  parts. 
Tak*'  any  distance  }n  ^our^corapasses  greajt*  A 
erthan  half  the  line'AB,  then  with  one  foot  in 

B,  describe  the  «|rch  CFD ;  ifrith  the  same  dis^. 
tance,  and  one  foot  in  A,  describe  the  arch  C6D, 
cutting  the  former  arch  in  C  and  D ;  draw  the 

lifle  CD«  and  it  will  bisect  AB  in  the  point  E. 

* 

PROBLEM  IIL 

To  erect  a  perpaidicular  BA  on  the  end  of  a  given 

Right  Line  DB. 

Take  any  extent  in  your  compasses,  and  with* one 

foot  in  B  nx  the  oth^r  in  sny  point  C  vrithout  the 

•  giren  line ;  then  with  one  pomt  of  the  compasses  in 

C,  describe  with  the  other  the  circle  ABD ;  thfou^h 
]>  and  C  draw  the  diameter  DC  A  meeting  the  cir- 
cle in  A ;  join  B  and  A  and  it  is  done ;  for  B  A  will 
l)e  the  reqmred  line  (by  art*  4ft  Gecm.) 

Or  thus, 

Take  any  convenient  distance  as  BH  in  your 
compasses,  and  with  one  foot  in  B  describe  the  «rcb 
HFG,  upon  which  set  off  the  «ame  distance  as  a 
chord  from  H  to  F,  and  from  F  to  G,  upon  F  and 
G  describe  two  arches  intersecting  each  other  in  A : 
draw  a  line  from  B  to  A  and  itisiTone ;  for  BA  will 
be  t&e  perpendicular  required*    « 

PROBLEM  tV.'     " 

From  a  given  point  as  C,  to  let  fall  a  peTpendicular 

COt  on  a  given  Right  Line  AB. 

Take  any  extent  in  your  compasses  greater  than 
the  least  distance  between  C  and  the  given  line  AB ; 
Vith  one  foot  in  C,  describe  an  arch  to  cut  the  given 
line  AB  in  F  and  G; — ^with  one  foot  ii|.G  describe 
an  arch,  and  with  the  same  distance,  and  one  foot 
in  F,  describe  another  arch  cutting  the  former  in  'ti; 
from  G  to  D  draw  the  line  COD,  cutting  AB  in  O ; 
Ihfen  CO  will  be  the  perpeodicuhir  required. 
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FROBI^M  V.    • 

From  a  given  p<mt  C  to  let  fiOX  a  perpendieular 
CBona  gwen  Line  AB,  tdien  tke  perpendt- 
^cuiaristofallnneartheendofthe  gtvenline 
thatU  cannot  he  done  as  above. 
Upon  any  point  A  of  the  line  AB  as  a  centre,  ^< 
and  with  the  distance  AC  describe  an  arch  E; 
choose  any  other  point  in  the  I^ne  AB,  as  D,  and 
wiith  tlie  mstarice  DC  describe  aiu^ther  arch  inr 
tersectine  the  tbrmer  in  E,  join  CE  cutting  AB 
in  B,  and  it  is  done,  for  CB  will  be  the  perpen- 
dicular required. 

PROBLEM  VI. 
7^  makean  ,angle  thai  ihaU  eontamany  prapokd 
manber  ofdefmes,fr<m  a  given  point  in  a  given  line.  B 
Case  1.  V^en  the  given  angle  is  right,  or  contains 
90^  let  C  A  be  the  given  line,  and  C  toe  given  point. 
On  C  erect  a  perpendicular  CP,  and  it  is  done;^ 
fbr  the  angle  DC  A  is  an  angle  of  90^.    Or  thus,  on 
the  point  C  as  a  centie,  wim  the  chord  of  60^*  de- 
scribe an  arch  GH,  and  set  off'liiereon  from  G  to  H 
the  distance  of  the  chord  of  00^  and  from  C  througli 
H  draw  €HD,  which  will  forn;  the  angle  DGA  of 
90^  required. 

Case  S.  When  the  angU  is  acute,  as  for  exam- 
ple 36^  S(y  let  CB  be  Ijie  given  line  and  O  the  point 
at  which  the  angle  is  to  be  made. 

With  tile  chord  of  60^  in  your  compasses,  and  one 
foot  on  C,  as  a  centre,  draw  the  arch  FB,  on  which 
set  off  firom  B  to  F,  the  given  an^e  881^  taken  from 
the  Ime  of  chords;  thiH>ugh  F  and  the  centre  C 
draw  the  right  line  AC,  and  it  is  done ;  for  the  angle'  ^  .     ^ 

ACB  wiU  be  an  angle  of  96^  3&  as  was  reqtiirea* 

Cass  S.    When  !he  given  angle  is  obtuse,  as  for  example  127^  W  let  CB . 
be  the  given  line  and  C  the  angular  point. 

Take  the  dhord  of  60^  in  your  compasses,  and  with  one  foot  on  C  as  ^  cen* 
tre,  describe  an  arch  BGHE,  upon  which  set  off  ^^ 

the  chord  of  60^  (which,  you  already  have  in  ^  ■ 

your  compasses)  fnom  B  to  G,  and  from  G  to  H ; 
then  set  off  from  G  to  E,  the  excess  of  the  given   / 


angle  above  60^,  which  is  67}^  taken  from  tlie  t 
line  of  chords^  or  yoU  may  set  off  from  H1;o  £^ 
the  excess  of  the  giv^n  angle  a^yove  120^^  which . 
is  7)0 ;  draw  the  line  CE,  and  it  is  done,  for  the 
angle  ECB  will  be  an  angle  of  127^  SO'. 

Were  it  required -to  measure  ai  given  .angle,  the  process  would  have  been 
jieariv  the  same,  by  sweeping  an  arch  a%  BE^  and  measuring  it  on  the  line  of 
du>ra9,  as  hi  evident 

.    .         PROBLEM  VIL  . 

To  liiect  a  given  arch  ef  a  circle  AB,  whose  centre  is  C. 

Take  in  your  compasses  any  extent  greater 
than  the  half  of  AB,  and  with  one  foot  in  A,  de- 
flci^e  an  arch ;  widi  the  same  extent  and  one 
foot  in  B,  describe  another  arch  cutting  the  for- 
mer in  D^  join  CD  and  it  is  done,  for  this  liilev 
will  bisect  the  arch  AB  in  the  point £.  It  is 
also  evident  that  the  line  CD  bisects  the  angle 
!BCA,  or  Avides  it  into  twoj^qual  parts. 

pi  ■      ■       ■■  ■  ■     *  1  ■  .1  ■ 

*  forAdeicriptloBof  UMllMof  OlionlsfcepaffeSO.  ^^  ^ 

^lyiuzedbyLjOOgle 


GEOMETRICAf.  PROBLEMS. 


49 


PROBLEll  VIII. 

Tafind  iht  caUrt  of  a  given  Cirde. 
With'  any  radius,  and  one  foot  in  the  cir- 
cumference as  at  A,  describe  an  arch  of  a  cir- 
cle, as  CBDi  cutting  the  given  circle  in  B ;  with 
the  same  extent,  and  one  foot  in  B,- describe  . 
another  arch  CAD,  cutting  the  former  in  C  and 
D;  through  C  and  D  draw  the  line  CD,  which 
wiU  pass  through  the  centre  of  the  eirde ;  in 
like  manner  may  another  right  line  be  drawn, 
as  EFG^  which  shall  cross  the  first  right  line 
at  the  cpntre  required.  This  construction  de- 
pends upon  article  43  of  Geometry. 

PROBLEM  IX.  

Ta  drtuD  a  Cirde  through  any  three  given  points  not  situated  in  a  Right 

Let 'a,  B  and  D  be  the  ^ven  points,  l^e  in 
your  compasses  any  cttstance  greater  thair  half 
AB,  and  with  one  foot  in  A  describe  an  arch    KN 
EF;  with  the  same  extent,  and  oneibot  in  B, 
describe  another  arch  cutting  the  former  in  the  • 
jpoints  £,  F,  through  whicll  draw  the  indeftnhe        . 
right  fin«  EFC ;  then  take  in  your  com]Sasses  -^f 
any  extent  greater  dian  half  BD,  and  with  one 
loot  in  Bf  describe  an  arch  6H ;  with  the  same 
extent,  ^d  one  foot  in  D,  describe  another 
arch  eutdng  the  former  in  the  points  G,  H, 
through' wmch  draw  the  right  line  QHC,  cut- 
ting the  former  right  line  EPO,  \n  the  point  C ; 
upon  the  poiat  C  as  a  centre,  with  an  extent 
equal  to  GA^  CB,  or  CD,  as  radius,  describe 
the  sought  drcle. 

PROBLEM  X. 

To,dvndea  Cirekinto  t,  4,  8,  16,  or  32, 

equal  parti. 

Draw  a  diameter  through  the  centre,  di- 
Tlding  ttie  cirde  into  two  eaual  parts;  bisect  }^ 
this  cuameter  by  another  drawn  perpend!-  '^  "*/ 
cular  thereto,  and  the  circle  will  be  divided^  \^ 
Into  four  equal  parts  or  quadrants;  bisect X.^!* 
each  of  these  quadrants  again  by  right  Knea 
tlrawn  through  the  csentre,  am  the  drcle , 
wilf  be  divided  into  eight  eaual  parts;  and 
so  you  may  continue  the  bisections  any 
Viumber  of  times.    This  problon  is  useful 
in  construc^g  the  mariner's  compass. 

PROBLEM  XI.     . 
TodMde  a  gi$fen  Line  into  any  number  ofequalpartf* 
Let  it  be  reqiured  to  divide  the  line  AB 
into  ftve  ec^ual  parts.-»Froiai  the  pomt  A 
dmw  any  line  AB«  makina;  an  angle  witji  the 
line  AB;  then  through  the  point  B  draw  a 
line  BC  parallel  to  AD ;  iuokI  from  A,  with' 
any  smiA  opening  in  your  compasses,  set  oiT '^ 
a  niunber  of  equal  parts  on  the  line  AD,  less 
by  one  than  the  proposed  number  (which  C/ 
number  of  equal  parts  m  thb  example  is  4:)  4 
then  fr9m  R  set  w  the  sanie  number  of  the 
same  parts  on  the  line  BG,  then  join  4  and  1,  3aDdt,  t  and3, 1  and4,  tn4 
these  fines  wiU  cut  the  given  line  aa  required.  r^  \ 
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CONSTRUCTION  OF  THE  PLANE  SCALE; 

Ist.  WITH  the  radius  you  intencl  foi:  your  scale,  describe  a  semicircle 
ADB,  (Plate  11.  fig.  1.)  and  from  tlie  centre  C  draw  CD  perpendicular 
te  AB,  whkh  will  £vide  the  semicircle  into  two  quadrants,  AD,  BD ;  con- 
tmue  CD  towards  S,  draw  BT  perpendicular  to  CB,  and  join  BD  ^nd  AD.    . 

ftdly.  Divide  the  quadrant  BD  into  9  equal  parts,  then  will  each  of  these  be 
10  degrees;  subdivide  each  of  these  parts  into  single  degrees, ^nd  if  your 
radius  will  admit  of  it,  into  minutes  or  some  aliquot  parts  of  a  degree  greater 
than  minutes. 

Sdly.  'Set  one  foot  of  the  compasses  in  B  and  transfer  each  of  the  divisions 
iX  the  quadrant  BD  to  the  right  line  BD,  then  will  BD  be  a  line  of  chords. 

4thly.  From, the  points  10,  20,  80,  &c.  in  the  quadrant  BD  draw  right  lines 
parallel  to  CD,  to  cut  the  radius  CB,  and  they  will  divide  that  line  inA)  a  line 
of  sines  which  must  be  numbered  from  C  towards  B. 

5thly.  If  the  same  line  of  sines  be  numbered  from  B  towards  C,  it  will  "hl^- 
comf  a  line  of  versed  sines,  which  may  be  continued  to  180<^,  if  the  saixie 
ofvislons  be  transferred  on  the  same  lin^  on  the  other  side  of  the  centre  C. 

6thly.  From  the  centre  C,  through  the  several  divisions  of  th€  quadrant 
BD,  draw  right  lines  tin  they  cut  the  tangent  BT,  so  will  the  line  BT  become 
a  line  of  tangent^.    * 

Vthly.  Setting  one  foot  of  the  compasses  in  C,  extend  the  other  to  the  se- 
\fcral  divisions  10,  20,  SO,  kc.  in  the  tangent  line  BT,  and  transfer  these  ex- 
tents severally  to  the  right  line  CS,  then  will  that  line  be  a  line  of  secants. 

Sthly.  Right  lines  drawn  from  A  to  the  several  divisions  10, 20,  30,  &&c.  in 
the  quadrant  BD,  will  divide  the  radius  CD  into  a  line  of  semi^ngents. 

Othly.  Divide  the  quadrant  AD  into  eight  equal  parts,  and  from  A  as  a  cetv- 
tire  transfer  these  divisions  severally  into  Uie  line  AD,  then  will  AD  be  a  line 
of  Rhumbs,  each  division  answering  to  1 1^*15'  upon  the  line  of  chords.  The 
tise  of  this  line  is  for  protracting  and  measuring  angles,  according  to  the  com- 
jnon  division  of  the  mariner's  compass.  If  the  radius  AC  be  divided  into  100 
6r  1000,  &c.  equal  parts,  and  the  lengths  of  the  several  sines,  tangents,  'and 
{lecants,  corresponding  to  the  (several  arches  of  the  quadrant,  be  measuved 
thereby,  and  these .tiiimbets  be  set  down  in  a  table,*  each  in  its  proper  eo* 
Jumn,  you  will  by  these  means  have  a  collection  Of  numbers  by  which  the 
several  cases  in  trigonometry  faiay  be  solved.  Right  lines  graduated  as  above, 
being  placed  severally^upon  a  ruler,  form  t|ie  instrument  called  tlie  Plane 
Skale,  (see  Plate  11.  fig.  2.)  by  which  the  lines  and  ^ngl^  of  all  triangles  may 
be  measured.  All  right  lines,  as  the  sides  of  plain  triangles,  U^  when  they  ar0 
considered  simply  as  such  without  ha^Hng  any  relation  to  a  cirde,  are  mea- 
iaxnd  by  scales  of  equal  parts,  one  of  whidi  is  subdivided  equally. into  10,  and 
this  serves  as  a'Conunon  division  to  aH  the  r^t.  In  most  scales  an  inch  is  ta- 
ken for  a  common  measure,  and  what  an  inch  is  divided  mto  is  generally  set 
at  the  end  of  the  scale.  By  any  common  scale  of  equal  parts,'  divided  in  this 
manner,  anj  number  less  than  100  may  be  readily  taken ;  but  if  the  number 
should  consist  of  three  places  of  figures,  the  value  of  the  third  figure  cannot 
be  exactly  ascertained,  and  in  this  case  it  [s  better  to  use  a  diagonal  scale,  by 
*  .irhich  any  number  consisting  of  three  pffaees  of  figures,  may  be  exactly  fbund. 
The  figure  of  this  scale  is  given  in  Plate  II.  fig.  3 :  its  construction  is  as  follows. 

Hairing  prepared  a  ruler  of  convenient  breadth  for  your  scale,  draw  near 
the  ed|^es  thereof  two  rightfines,  af,  cg^  tMirallel  to  each  other ;  >divide'one  of 
these  Imes  as  af,  into  equal  parts,  according  to  the  size  o^  your  scale  ;f  and 

-  -•--  ...       ■     ■         ■  ^   • 

*  In  table  XXIV.  Is  giren  tbe  ilne  and  co-cine  to  ervry  nloute  of  the  quedrant,  to  five'  pteecy  vt  de- 

t  Tie  Itf  e&  of  one  of  tMte  eqwd  parte  at  Iht  «ml  of  tbe  (irale«p  whith  ibis  description  r#<en  n^  o^ 
0t  mL    Tiftjragtb  of  one  of  tbe  equaf  parts  of  the  scale  of  die  ovbrr  cihI  beln^  tbe  half  of  •». 
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Ihrough  each  of  these  dfvisions  draw  right  lines  perpendicular  to  a/*,  to  meet 
rfff  then  divide  the  bseMlth.  into  10  e^qual  parts,  and  through  each  of  these 
.diTisioas  draw 'right  iinea  p^allel  to  af  and  <^ ;  divide^  the  lines  ab^-cd,  into 
10  eqaal  parts, 'aJMl  from  the  point  a  to  the  first  division  in  the  line  cd^  draw  a 
diagonal  line;  then  paralleil  to  that  line,  draw  diagonal  lines  through  all  the 
other  dWisVoqs,  and  the  scale  is  complete.    Then,  if  any  number,  consisting 
of  three  places  of  ^ures,  as  256,  be  required  Crom  the  larger  scale  gd^  you 
must  place  one  foot  of  the  compasses  qn  the  figured  on  the  line*gief,  then  th« 
extent  from  1  to  the  point  d  will  represent  £00. .  The  second  figure  being  5, 
count  five  of  the  smaller  divisions  from  d  towards  e,  and  the  extent  from  i 
to  that  poipt  will  be  ii50.    Move  both  points  ^f  the  compasses  downwards 
till  the^  itlre  on  the  sixth  jjiarallel  line  below  gd,  and  open  them  a  little  till  the 
one  point  rests  on  the  vertieal^  line  drawn  mrou^h  2,  and  the  other  on  the 
diagonal  line  drawn  through  5 ;  the  extent  then  in  the  compasses  wiU  repre- 
sent £56.  In  the  same  way  the  quantities  £d,6 ;  £,56 ;  0,£56,  &c.  are  measured. ' 
Besides  the  lines  already  mentioned,  there  is  anotiier  on  the  Plane  Scale 
marked  ML,  which  is  Joined  to  aline  of  chords,  and  shows  how  nutny  mile^ 
of  easting  or  westing  correspond  to  a  degree  of  longitude  in  every  latitude.* 
These  several  lines  are  generally  put  on  one  side  of  a  ruler,  two  feet  long ; 
and  on  (he  other  side  is  laid  dow^n  a  scale  of  the  logarithms  of  the  sines,  tan- 
gents, ai|d  numbers,  which  is  >!ommon1y  called  Gunter^s  Scale,  and  as  it  h  of 
•geaeraf  use,  it  requires  a  particplar  description. 


GUNTER'S  SCALE. 

ON  GUNTER'«  SCALE  are  eight  lines,  viz. 

Ist  Sine  Rhumbs,  marked  (SR)  corresponding  to  the  logarithmsf  of  the 
natural  sines  of  every  point  of  the  mariner^s  compass,  numbered  from  the  left 
hand  towards  the  right,  with  1,  £,  3,  4,  5,  6,  7,  to  8,  where  is  a  brass  pin. 
This  line  is  also  divided,  where  it  can  be  done,  into  halves  and  quarters. 

£d.  Tangent  rhumbs,  marked  (TR)  corr(:spdnd  to  the  logarithms  of  the 
tangents  of  every  point  of  tSie  compass,  and  are  numbered  1,  £,  3,  to  4,  at  tlie 
light  hand  where  there  is  a  pin,  and  thence  towards  the  left  hand  with  5,  6, 
7 ;  it  is  also  'divideQ,  where  it  can  be  done,  into  halves  and  quarters. 

Sd.  The  line  of  numbers,  marked  (Nam.)  corresponds  to  the  logarithms  of 
numbers,  and  is  marked  thus ;  near  the  left  hand  it  begins  at  1,  and  towards 
the  right  hand  are  £,  8,  4,  5,  6,  7,  8,  9 ;  and  1  in  the  middle,  at  which  is  a 
brass  pin,  then  £,  3,  4,  5,  6,  7,  8,  9,  ^nd  10  at  the  end,  where  there  is  another 
pyi.  The  values  of  tUese  number?  and  their  intermediate  divisions  depend 
on  the  estimated  values  of  the  extreme  numbers  1  and  10;  and  as  this  line 
is  of  great  importance,  a  particular  description  of  it  will  be  given.  The  first 
1  may  be  counted  for  1,  10,  100,  or  1000,  &c-  and  then  the  next  £,  will  be  £; 
SO,  £0e,  or  £000,  fttc.  respectively.  Again,  the^rst  1  may  be  reckoned  1  tenth, 
1  hundredth,  or  1  thousandth  part,  &lc.  then  the  ri)ext  will  be  £  tenths,  or  £ 
liuDdredths,  or  £  thousandths  parts,  &lc.  so  that  if  the  first  1  be  esteemed  1, 
the  middle  1  will  be  10 ;  £  to  its  ijght  £0 ;  3,  30 ;  4,  40 ;  and  10  at  the  end 
100;  again,  if  the  first  1  is  10,  the  next  £  is  £0,  3  is  30,  and  so  on,  making  the 
nriddle  1,  100^  the  next  £  is  £00,  3  is  300,  4  is  400,  and  10  at  the  end  is  100^ 
•  In  like  nianner,  if  the  first  1  be  esteemed  1  tenth  part,  the  neyt  £  will  be  £ 

*  Ai  it  vould  confuse  the  adjoined  figure  to  describe  on  it  the  line  of  IoTugitudes> 
it  is  nqi^ted,  but  the  coii8tni(^ion  is  as  follows :  divide  the  line  CB  into  60  equal 
p*rtB  (it  it  can  be  done)  and  through  each  point  draw  lines  parallel  to  CD  to  Inter^ 
•eet  te  arch  BP :  about  B/  aa  a  centre,  transfer  the  scTeral  points  of  intersection  to 
the  line  BD,  and  then  number  it  fnim  D,  towards  B,  fromO  to  60,  and  it  will  be  the 
tiDeoflongitndes. 

t  Tie  deacnplion  and  use  of  logarithms  are  given  in  ps^  £9,  et  seq.  The  \ofr 
sBwa,  taagents,  kc'.  are  marked  on  these'  scales  by  means  of  a  line  of  equal  parts^ 
^^neipofiling  to  tiiftSfza  of  (he  seaTe;  *. 
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tenth  parts,  and  the  middle  1  wHI  bel ;  thenext«,k;  and  lOat  the  and  will 
be  10.  Again,  if  the  first  1 1^  counted  1  hundredth  ^Mut,  the  ne^  9'hund|>edtk 
parts,  the  middle  t  wiH  he  10  hundredth  parts,  or  one  tenth  paat,  ted  the  next 
2  two  tenth  parts,  and  10  at  the  end  will  be  but  ohe  whole  qumber  or  intlB^r. 

As  the  figures  are  increased  or  diminished  in  their  Tahie,  so  in  like  naniier 
must  all  the  intennediate  strokes  or  subdivincHia  be  increased  or  diminished: 
that  is,  if  the  first  1  at  the  left  hand  be  counted  1^,  ^en  ft  (next  following  it)  wiU 
be  2,  and  each  subdivision  between  them  yfUi  be  1  tentfi  part,  and  so  all  the 
way  to  the  middli^  1,  which  will  be  10,  the  next  S,  £0,  and  tiie  longer  strokes 
between  1  and  2  are  .to  be  eonnted  from  1  thus,  41,  1£,  (where  is  a  braaa 
pin)  then  19,  14,  15,  sometimes  a  longer  stroke  than  the  rest,  then  16,  17, 
18,  19,  to,  at  the  figure  t;  and  in  the  same  maaner  the  sholrt  Strokes  be- 
tween the  figures  4t  and  9,  S  and  4,  4  and  5,  &c«  are  to  be  reckoned  as  units: 
Again,  if  1  at  the  left  hand  be  10,  liie  figures  between  it  and  the  middle  1 
'  will  be  common  tens ;  and  the  subdivisions  between  each  figure  will  be  units ; 
iVom  the  middle  1  to  10  at  the  end,  each  figure  will  be  so  many  hundreds ; 
and  between  these  figures  each  longer  division  vrill  be  10.  From  tiiis  de- 
scription it  will  .be  easy  to  htkd  the  divisions  representing  any  given  numbert 
thus :  Suppose  the  point  representing  the  number  12,  were  required ;  take 
the  division  at  the  figum  1  in  the  middle,  for  the  first  figure  of  12 ;  dien  for 
the  second  figure  count  two  tenths,  or  longer 'strokes  to  the  right  hand,  and 
this  will  be  the  point  representing  12,  where  the  brass  pin  is.  *      . 

Again,  suppose  the  number  f2  were  required;  the  first  figure  2  is  to  be 
found  on  the  scale,  and  for  the  second  figure  2,  count  2  tenths  onwards,  and 
that  is  the  point  representing  22. 

Again,  suppose  1728  were  reqiured ;  for  the  first  figure.!,  I  take  the  mid- 
dle 1,  for  the  second  figure  7^  count  onWards  as  before,  and  that  wiU  be  1700. 
And  as  the  remaining  figures  are  28  or  nearly  90, 1  note  the  point  which  b 
nearly  ,Vt  of  the  distance'  between  the  marks  7  and  8,  and  this  fidll  be  the 
point  representing  1728.  •  ^ 

If  the  point  representing  495  was  required ;  from  the  4  in  the  second  in- 
terval count  towards  5  on  the  pgh^  tiiree  of  the  larger  divisk>ns  and  one  of 
tlie- smaller  (this  smidler  cUvision  being  midway  ^etween  the  marks  9  and  4) 
and  that  will  be  the  division  expressing  495.  In  a  irimilar  manner  other 
jiumbers  may  be  found.  ,  .     •* 

All  fractions  found  in  this  line  must  be  decimals;  and  if  they  are  not,  tliey 
must  be  reduced  into  decimals,  which  is  easOy  done.1iy  extending  the  com- 
passes from. the  denominator  to  the  numerator;  that  extent  laid  the  same 
way^  from  1  in  the  middle  or  right  ha^d,  will  reach  to  the  decimal  requireid^ 

Example.  Required  the  decimal  fraction  equal  to  i  :  EXJenH  from  4  to 
a ;  that  extent  will  reach  from  1  on  the  middle  to  ,75  towards  the  left  faa^d. 
The  like  may  be  observed  of  any  other  vulgar  fraction. 

Multiplication  is  performed  on  this  line,  by  extending  from  1  to  the  multi- 
plier :  that  extent  will  read!  from  the  multiplicand  to  the  product. 

Suppose,  for  example^  it  were  required  to  find  the  product  of  16  multiplied 
by  4,  extend  from  1  to  4 ;  tliat  extent  will  reach  from  16  to  64,  the  product 
required. 

Qivision  being  the  reverse  of  multiplication,  therefore  extend  from  the  di- 
V  J  j«or  to  unity ;  that  extent  will  reach  from  the  dividend  to  the  quotient 

Suppose  6  i  to  be  divided  by  4 ;  extend  from  4  to  1,  that  extent  will  reach  ^ 
from64  to  18,  the  quotient.  . 

Questions  in  the  Rule  of  Three  are  solved  by  thisKne  as  (bHows :.  Extend 
from  the  first  term  to  the  second,  that  extent  will  reach  from  the  third  term* 
to  the  fourth.  And  it  ought  to  be  particularly  noted,  that  if  you  extend  to 
the  left,  from  the  first  number  to  the  second,  you  must  also  extend  to  the  left, 
from  the  third  number  to  the  fourth;  and  the  contrary. 

♦  Or  you  may  citend  froin  tlie  first  to  die  tWrd;  for  ttet  extent  will  reach  ftom.llie- 
leeond  to  tlv  fourth. '  Thu  method  mait  be  adefited  when  oiii4;  die  Unes  of  ii^ 
tangents,  &c.  if  the  first  and  third  terms  are  of  the  mme  nine,  and  diitont  Snua  the 
second  and  fourth.  uiymztu  uy  ^^^K^^^p^i^ 
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• 
Exj^MPL^/  If  the  diameter  of  a  cirelebeT  inches,  and  the  circumfereDce  tf , 
what  is  the  circumference  of  another  eirde,  the  diameter  of  which  is  14  inch- 
es 1  Extend  from  7  to  tf,  that  extentwill  reach  from  14  to  44  the  same  way. 

•The  superficial  content  of  any  parallelogram  is  found  by  extending  from  1  to 
the  breadm  ;•  that  extent  wip  /each  fcom  the  length  to  the  superftcial  content. , 

ExANjra^.  Suppose  a  plank  or  board,  15  inches  broad  and  27  (eet  long, 
*tke  content  of  which  is  required :  Extend  fr(»n  1  to  1  foot  8  inches  (or  1,25 ;) 
that  extent  will  reach  from.27  feet  to  33,75  feet,  the  superficial  content.  Or 
extend  iVom  is  inches  to  15,  t^. 

Tlfe  solid  content  of  any  bale,  box,  chest,  Slc.  b  found  by  extending  from 
1  to  the  breadth ;  that  extent  will  reach  frokn  the  depth  to  a  fourth  number, 
and  tiie  extent  from  1  to  that  fourth  number  will  reach  fcom  the  length  to- the 
solid  content. 

ExAifPLs  Ist.  What  18  the  content  of  a  square  piUar,  whose  length  isjtl 
feet  9.  inches,  and  breadth  1  foot  9  uiches  ?  The  extent  from  i  to  1,25  wiU 
reach  from  1,25  to  1,5a,  the  content  of  oAe.  foot  in  length ;  again,  the  extent 
from  1  to  1>56  will  reach  from  the  leng&  21,75  to  59,9^  or  S4,  the  solid  content 
in  feet.  , 

^  ExAHFLB  2d.  Suppose  a  square  piece  of  timber,  1,25  feet  broad,  ,56  deep, 
sind  96  long,  be  i^ven  to  find  the  content :  extend  from  1  to  1,25 ;  that  ex- 
tent will  reach  from  ,56  to  ,7  ;  then  extv^d  fro^oi  1  to  ,7 ;  that  actent  will 
reach  from  36  to  25,2  the  solid  content.  In  like  manner  may  £he  contents 
of  bales,  &c.  be  found,  which  divided  by. 40  will  give  the  tonnage. 

4^1y.  .  The  line  of  sines  marked  (Sin.J  corresponding  to  the  log-smes  of 
tfae*degrees  of  the  quAlrant,  begins  at  the  left  hand,  ana  is  numbered  to  the 
risht  tiiius ;  1,  2,  9,  4,  5,  Si^.  to  10 ;  tben  20,  30, 40,  Uc.  ending  at  90  degrees. 


where  is  a  brass  centre  pin,  as  there  is  at  the  ri^t  end  of  all  the  lines. 

5thly.  t*he  line  of  versed  sines,  marked  Q^.  S.)  corresponding  to  the  log 
▼erscd  sines  of.  the  d^ees  4>f  the  quadrant,  Mcns  at  ^e  right  hand  against 
90^  on  the  sines,  and  from  thence  is  numoered  towards  the  left  hand  thus : 
10,  fO,  80,  40,  be.  ending  at  the  left  hand  at  about  169^;  each  of  th€  subdi* 
TisioQS,  from  10  to  30,  is  in  general  two  de^^-ees,  fW>m  thence  to  90  is  angle 
degrees,  ^om  thence  to  the  end,  each  decree  is  divided  into  1 5  minutes. 

tttWy^  ,The  line  oY  tangents,  marked  (Tang.)  corresponding  to  the  log- 
tangents  o#-  the  degrees  of  the  qnadraht,  begins  at  the  left  hand,  and  is  num- 
bered towards  the  ri^t  thus :  1,  2,  9,  &lc.  to  10,  and  so  on  20,  30,  40,  and 
45,  where,  is  a  brass  pin  under  900  on  the  sines ;  .fVom  thence  it  is  numbered 
backwards,  ^50,  60,  70,  80,  be.  to  89„  ending  lit  the  left  hand  where  it  began 
at  1  degree.  The  sobdiTisions  are  nearly  siaular  to  those  of  the  sines.  When 
yon  hitve  any  extent  in  your  cmnpassefi,  to  be  set  off  fVom  any  nwiSber  leuft 
than  45^  on  die  line  of  tartgents,  towards  the  right,  and  it  is  found  to  reach 
beyond  the  maik  of  .45^,  you  must  see  how  for  it  extends  beyond  that  mark, 
and  set  it  off  fronr  45<^  towards  the  left,  and  see  what  depee  It  falls  upon, 
which  will  be  the  number  eought,  which  must  exceed  45^ ;  it' on  the  con- 
trary, ydu  are  to  set  off  such  a  distance  to  the  right  from  a  number  greater 
than  45^,  you  jnust  proceed  as  before^  only  remembering,  that  the  answer 
must  be  less  thaii  45^,  and  ^ou  must  always  consider  the  degrees  above  45^ 
as  if  they  were  marked  on  theeontiauatton  of  the  fine  to  the  right  hand  of  45^. 

7tfaly.  The  line  of  the  meridional  .parts,  marked  (Mer,)  b^^  «t  the  right 
hand,  and  is  numbered  thus  j  10,  20,  30,  Sec  to  the  left  hand,'  where  it  ends  at 
87  degrees.  This  line,  with  the  liner  of  equal  parts,  *marked  (£.  P.)  under  it, 
are  used  tpflether,«and  only  in  Mercater's  Saifing.  The  upper  line  contains 
the  decrees  of  the  meiidlaB,  or  latitude  in  a  Sf  ens^itor's  chul,  corresponding 
to  tfatt  degrees  %i  longitude  on  the  lower  luie. 

The  use  of  this  Scale  in  solving  the  usual  problems  of  Trigonometry,  Plane 
Sailmg,  Middle  Laititude  Sailing,  and  Mercator's  Sailing,  will  be  given  in  the 
course ^f  thia  work;  hot  it  wiU  be  unnec^ssacy  to  enter  into  an  explanation 
af.its  use  ia  calculating  the  common  problems  of  Nautical  Astronomy,  as  it 
u  much  more  ac^untt^  to  perform  those  calculations  by  logarithms. 
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■    I  . 

ON  THE  SLIDING  RULE. 

« 

THK  Sliding^ule  coDsbts  pf  a  fixed  part  and  a  rfirfcr,  and  Is  of  the  sanif 
flimensions,  and  has  the  same  lines  marked  on  it  as  on  a  common  Gunter  or. 
Plane  Scale,  which  may  be  used  with  a  pmr  of  compasses  in  the  same  manner 
as  those  scaler  \  and  as  a  description  of  those  lihes  has  already  heeh  gi^en, 
it  will  be  unnecessary  to  repeat  it  here,  it  being  sufficient  to  observe,  that 
there  are  two  lines  of  numbers,  ^  line  of  log-sine^  and  a  line  of  log-tangents 
on  the  slider,  and  that  it  may  be  shifted  so  a^  to  fix  any  face  of  it  on  either 
jjidc  of  the  flxed  part  of  the  scale,  according  to  the  nature  of  the  question 
to  be  solved. 

4n  solving  any  prohlem  in  Arithmetic,  Trigonometfy,  Plane  Soling,  fee. 
let  the  proposition  be  ^o  stated  that.the  first  and  third  teniis  may  bte  alike,  and 
of  course  the  second  and  fourth  terms  alike ;  then  hrvng  the,  first  term  q/  the 
nrudogy  on  the  fijced  part,  against  the  second  term  on  the  slider,  and  against  the 
third  term  on  the  fixed  part  will  hefmnd  the  fourth  term  on  the  slider  ;•  or  if 
necessarj'  the  first  and  tnird  terms  may  be  found  on  the  slider,'  and  the  second 
and  fourth  on  the  fixed  part.  Multiplication  and  Division  are  performedt 
by  this  rule,  m  considering  unity  as  dni  of  the  terms  of  the  analogy. 

Thus,  to  perform  multiplication*  set  1  on  the  line  of  numbers  of  the  ^xti 
part  against  one  of  the  ntctors  on  the  line,  of  numbers  of  the  slider,  then 
agunst  the  other  factor  6n  the  'fited  part  will  be  found  the  produtt  on  the 
fifider. 

E^AUPLE.  To  find  the  pf oduct  of  4  by  12  draw  out  the  slider  till  1  on 
the  fixed  part  coincides  with  4  on  the  sliaer,  then  opposite  12  on  the  ^LTitd 
part  will  be  found  48  on  the  slider.  • 

To  perform  .Division,  set  the  divisor  on  the  line  of  nXimbefs  of  the  ^x^d 
•art  against  1  on  the  sfider,  then  against  the  dividend,  on  the  fixed  part,  wil! 

5  found  the  quotient  on  the  sdider. 

ExAMPL£.  To  divide  ^  by  4— Set  4  on  the  fixed  part'against  1  on  the 
filider,  then  against  48  on  the  fixed  part  will  be  found  IS  on  the  sliders 


^ 


EXAMPLES  IN  THE  RULE  OF  THREE. 

If  a  ship  sail  25  miles  in  4  hours^  how  many  miles  will  «he  sail  in  12  hours 
at  the  same  rate  ?  *  ^  • 

Bring  4  on  the  line  of  numbers  of  the  fixed- part  agltmst  25  on  the  line  of 
number  of  the  slider,  then  against  12  on  the  fixed^art  will  be  found  75  on  the 
slider,  which  is  the  answer  required. 

ExAMFLK.    If  d  pounds  of  sugar  cost  21  cents,  what  wiH  27  pounds  co6t  ? 

Bring  3  on  the  line  of  numbers  of  the  fixed  part,  against  21  on  the  line  o£ 
numbers  of  the  slider,  then  against  27  on  the  'fixed  part,  ivill  be  found  169  on 
the  slider.  •  . 

EXAMPLE  IN  TRIGONOMETRY. 

In  the  oblique-angled  triangle  ABC,  let  there  be 
giTen  ABs:56,  AC^64,  angle  AB(J=:460  so'  to  find 

the  other  angles' and  the  side  BC 

.» 

In  this  case  we  have  {by. art.  58  Geometry)  the  following  eanons^ 

'AC  (64) :  sine  <  B  (460  30')  : ;  AB  (56) :  sine  <  C,  apd  «ie  <  B:  AC  :t- 

sine  <  A :  BC*    Therefore,  to  work  the  first* proposition  by  the  sliding  rule/ 

: -^ —        ■   —        »      ■'■   ' T"* "^ — 

*  If  the  fint  and  secbnd  terms  are  alike,  instead  of  the  first  and  third,  you  miut 
bring  the  first  term  on  the  slider  agahist  the  third  on  the  fixed  part,  and  i^sainst  the 
second  term  an  the  slider,  will  be  found  the  fourth  tefm  on  the  fixed  part.  Or.  if  necfcs-^ 
sary,  the  fint  and  second  terms  vfi&j  be  fouftd  on  tH^  fixed  p^t;  an^  the  th^  and 
iburtb  on  the  (Uder.  • 

uiyiLizeu  uy  ■v.ji^._/ v^ -i  in^ 
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\re  must  bring  64  on  the  line  of  numbers  of  the  fixed  part,  a^nst  46^  3fy  on 
the  fine  of  sines  of  the  slider,  then  against  56  on  the  former  will  be  39°  -24' 
on  the  latter,  which  will  be  the  angle  C.  The  sum  of  the  angles  B  and  C 
being  subtracted  from  180^  leaves  the  angle  A=940  6'.  Then,  by  the  se- 
cond canon,  bring  the  angle  6=46^  30'  on  the  line  of  sines  of  the  stider 
against  AC  =64  on  the  line  of  numbers  of  the  fixed  part,  then  against  the 

•  angle  A=940  ^^  (^^  its  supplement  85^  51')  on  the  slider  will  be  found  the 
side  BC=88  on  the  fixed  part. 

In  a  similar  manner  may  the  other  propositions  in  trigonometry  be  solved* 

From  what  has  been  said,  it  will  be  easy  to  work  all  me  problems  in  Plane, 
.  Middle  Latitude,  and  Mercator's  Sailing,  as  in  the  three  following  examples^ 
which  the  learner  may  pass  over  until  he  can  solve  the  sjime  {)roblema  by 
the  Scale.  If  any  one  wishes  to  know  the  use  of  the  sliding  rule  in  problems 
of  Spherical  Trigonometry,  he  may  consult  the  treatises  written  expressly  oo 
that  subject :  but  it  may  be  observed,  that  in  such  calculations  the  sliding 
rule  is  rather  an  object  of  curiosity  than  of  real  use,  as  it  is  much  more  accu- 
rate to  make  use  of  logarithms. 

Example  1.  Given  the  course  sailed  1  point,  and  the  distance  6d  miles*^ 
required  the  difference  of  Latitude  and  Departure  ? 

By  Case  Ist  of  Plane  Sailing,  we  have  these  canons  : 

Kadius  (8  points) :  Distance  (85)::  Sine.  Co.  Course  (7  points)  ;  Biff.  Lat.^ 
and  Radius  (8  points)  :  Distance  (85)  ::  Sine  Course  (1  point)  :  Departure. 

Hence  we  must  hring  the  radins  8  points  on  the  fixed  part  of  the  Sims 
Bhumbs  against  B5  on  me  line  of  numbers  on  the  slider,  then  against  7  points 
<>n  the  sine  rhumh^  wHI  be  found  the  difiT.  of  lat.  SSi  on  the  slider,  and  agaihst 
v>ne  point  will  ^>e  found  the  departure  16  J  miles. 

If  the  course  is  given  in  degrees,  you  must  use  the  line  marked  Sin. 

ExAHPLT.  2.     biven  the  diff.  of  lat.  40  miles,  and  departyre  50  miles— ^te- 

•  Quired  the  course  and  distance  ? 

By  case  6,  of  Plane  Sailing,  we  have  this  canon  for  the  course  :— 

Diff.  Lat.  (40) :  Radius  45^  ::. Departure  (SO)  :  Tane.  Course. 

Hence  we  must  bring  40  on  the  line  of  numbers  of  the  sKder  againiA  45^  on 
the  Ihne  of  tangents  on  the  fixed  part,  then  against  30  on  the  slider  will  be 
f^Hind  the  course  87°  nearly. 

Again,  the  canon  for  the  distance  gives : 

Sine  Course  (870) :  Departure  (30^  ::  Radius  (90<^) :  Distance. 

Hence  we  must  bring  37^  on  the  line  of  sines  of  the  fixed  part  against  80 
on  the  fine  of  numbers  on  the  slider,  then  agajnst  90^  on  the  line  of  sines  of 
the  fixed  part  will  be  found  the  distance  50  on  the  slider. 

ExAMPL£  3.  Given  the  Middle  Lat.  40^  and  the  departure  30  miles— re- 
quired the  Diff.  of  Long.  ? 

3v  cas^  6,  of  Middle  Latitude  Sailing,  we  have  this  canon  :— 
•    Sine  Gomp.  Mid.  Lat  (50O)  :  Departure  (30) ::  Radius  (90O) :  Diff.  Long. 

Hence  by  bringing  50^  on  the  line  of  sines  of  the  fixed  part  against  30  on 
the  line  of  numbers  on  the  sfider,  then  against  90P  on  the  fixed  part,  we  shall 
fiad  39  on  the  slidtTi  which  will  be  the  difference  of  longitude  requh-ed. 
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DESCRIPTION  AND  USE  OF  THE  SECTCMt. 

THIS  instrument  consists  of  two  rules  or  legs,  moTeable  round  an  luds  or 
joint,  as  a  centre,  having  several  scaler  drawn  on  the  faces,  some  single^  • 
others  double ;  the  single  scales  are  like  those  upon  a  common  Gunter's 
Sc^le ;  thedouble  scales  are  those  which  proceed  from  ihe  centre,  each  being 
laid  twice  on  the  same  face  of  the  instrument,  viz.  once  on  each  leg.  Front 
these  scales,  dimensions  or  distances  are  to  be  taken,  when  the  legs  of  the 
instrument  are  set  in  an  angular  position. 

The  single  scales  being  used- exactly  like  those  gb  the  common  Giinter's 
Scale,  it  is  unnecessary  to  notice  them  particularly;  -we  shall  therefore  only 
enumerate  a  few  of  the  uses  of  tile  double  scale,  the  number  of  'which  !» 
seven,  viz.  the  scale  of  Lines,  marked  Lin.  or  L.  die  scale  of  chords,  mark- 
ed €ho.  or  C.  the  scale  of  Sines,  marked  Sin.  or  S.  the  scale  of  Tangent* 
to  450,  and  another  scale  of  tangents  frpm  45<^  to  abqot  76^,  both  of  which 
are  marked  Tan.  or  T.  the  scale  t>f  Secants,  marked  Sec  or  S*  and  the  scale 
of  Polygons,  marked  Pol. 

The  scale  of  lines,  chords,  sines,  and  tangents,  under  45^,  are  aH  of  the 
same  radius,  beginning  at  the  centre  of  the  instrument,  and  terminating  near 
the  other  extremity  of  each  leg,  viz.  the  lines  at  the  division  10,  the  chords 
at  60O,  the  sines  at  90^,  and  the  tangents  at  45^ ;  the  remainder  of  the  tan- 
gents, or  those  above  45^,  are  on  other  scales,  beginning  at  a  qnarter  of  th& 
length  of  the  former,  counted  from  the  centre,  where  they  are  marked  witb 
45^,  and  extend  to  about  76  degrees.  The  secants  also  begin  ai^  the  same 
distance  from  the  centre,  where  they  are  marked  with  0,  aild  are  from  thence 
continued  to  75^  The  scales  of  polygons  are  set  near  the  inner  edg^  of  the. 
legs,  and  where  these  scales  begin,  they  are  marked  with  4,  and  ftt^m  thence 
are  numbered  backward  or  towards  the  centre,  to  12. 

In  describing  the  use  of  the  sector,  the  tei^ms  lateral  distance  and  trem^^vene 
distance  often  occur.  By  the  former  is  meant  the  distance  taken  with  ihe 
compasses  on  one  of  the  scales  only,  beginning  at  the  centre  of.  the  secti'ir^ 
and  by  the  latter,  the  cUstance  taken  between  any  two  cofresponding  divisio.  na^ 
of  the  scales  of-  the  same  name,  the  legs  of  the  sector  being  in  an  anguli  vr^ 
position.  • 

'  The  use  of  the  sector  depends  upon  the  porportionability  of  the  oorres-  * 
ponding  sideq  of  similar  tnangles,  (demonr 

strated  m  art.  5d,  Geometry,)  For  if  in  the  S 

triangle  ABC  we  take  AB=AC  and  AD= 
AE,  and  draw  D£,  BC,  it  is '  evident  that 
DE  and  BC  will  be  ptfrallel ;  therefore  b^^ 
the  above-mentioned  proposition  AB  :A,< 
BC  ::  AD  :  DE ;  so  that  whatever  part 
AD  is  of  AB,  the  same  part  DE  will  be  of 
BC ;  hence,  if  DE  be  the  chord,  sine,  or 
tangent  of  any  arch  to  the  radius  AD,  BC 
win  hp  the  same  to  the  radius  AB. 

Use  of  the  line  of  Lines. 

The  line  of  lines  b  useful  to  divide  a  feiren  line  mto  any  number  of  •equal 
parts,  or  in  any  proportion,  or  to  find  9d  and  4th  proportionals,  or  mean  pro- 
portionals, or  to  increase  a  given  line  in  any  proportion. 

Example  1.    To  divide  a  given  line  into  any  number  of  equal  parts,  as. 
suppose  9 :  make  the  length  of  the  given  line  a  transverse  distance  to  9  and 
9,  the  number  of  parts  proposed ;  then  will  the  transverse  distant^  of  1  abd  1 
be  one  of  the  parts,  or  the  ninth  part  of  the  whole ;  and  the  transverse  dis. 
tance  of  £  and  S  will  be  2  of  the  equal  parts  or  %  of  the  whole  line,  Uc. 

Example  2.  If  a  ship  sails  52  miles  in  8  hours,  how.  much  would  she  sail 
in  3  hours  at  the  same  rate  ?  .  . 
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Take  52  m  your  comptssesas  a transTerscr distance,  and  set  it*  off  from  8 
to-8,  then  the  transverse  distance  3  and  S  being  measured  laterally,  hUI  be 
found  equal  to  19  and  a  half,  which  is  tha  number  of  miles  required. 

EXAMPI.K  9.  Having  a  char^  construeted  upon  a  scale  of  6  miles  to  su 
inch,  it  4s  reouired  to  open  the  sector,  so  that  a  corresponding  scale  may  be 
taken  from  the  line  of  lines  ? 

Make  the  transverse  distance  6  and  6,  equal  to  1  inch,  and  tliis  position  of 
the  sector  will  produce  the  given  scafe. 

Ejeample  4.  It  i&  required  to  reduce  a  stale  of  6  inches  to  a  degree,  to 
another  of  3  inches  to  a  degree  7 

Make  the  tnTnsverse  disUnce  6  and  6,  equal  to  th»  lateral  distance  d  and 
S:  then  set  off  any  distance  from  the  chart  lateralljr,  and  the  corresponding 
transverse  distance  will  be  the  reduced  distance  required. 

4 

ExAifiPz^  ^.    One  side  of  any  triancle. 
bemg  givem  of  any  length,  to  measure  Uie 
other  two  sides  on  the  same  scale. 

Suppose  the  side  A6  oY  the  triangle  ABC  * 
measures  50,  what  are  the  measures  of  the 
other  two  sides? 

"53 ^  C 

Take  AB  in  your  compasses,  and  apply  it  transversely  to  50  and  50 ;  to 
this  opening  of  the  sector  apply  the  distance  AC  in  your  compasses  to  the 
same  number  on  both  sides  of  the  njje  transversr-Jy ;  and  where  the  twti 
points  fall  will  be  the  measure  on  the  line  of  lines  of  the  distance  required ;  the 
distance  AC  wiH  fall  against  69,  63,  and  BC  against  45,  45,  on  .the  line  of 
lines. 

Use  of  the  line  of  Chord$,on  tkt  Sector. 

The  line  of  chords  upon  the  sector  is  very  useful  for  protracting  any  an- 

Se,  when  the  paper  is  so  small  that  an  arch  cannot  be  drawn  upon  it  with 
e  radius  of  a  conmion  line  of  chords. 

Suppose  it  was  required  to  set  off  an  arch  of  30^,  from  the  point  C  of  th^ 
9mall  circle  ABC. 

Take  the  rediiis  DC  ih  yoor  compasses,  and 
eet  it  off  transversely  tfom  60^  to  60^  on  the 
chords,  then  take  the  transverse  czteilt  fh>m 
iSO^  to  909  on  the  chords;  and  place  one  foot 
of  the  cmupasses  in  C,-  the  othej;  will  rea'ch  to 
£,  and  C£  will  be  the  arch  required.  And  by 
the  converse  operation  any  an^e  or  arch  may 
be  .ipeasured,  viz.  with  any  radius  'describe  an 
arch  about  the  angiifer  point ;  set  that  radius 
transversely  from  60^  to  60°;  then  take  the  dis- 
tance of  the  arch,  intercepted  between  the  two 
'legSt  and  appfy  it  transversely  to  tiie  chords,  which  will  show  the  degrees  of 
the  given  angle.  ^ 

Note.  When  the  angle  to  be  protracted  exceeds  60^,  you  must  lay  off 
60^,  and  then  th^  remaining  part;  or  if  it  be  above  IJEO^,  lay  off  60^  twice, 
and  then  the  remaltring  part.  And  in  a  similar  manner  any  arch  above  60^ 
may  be  measured. 

.  Uses  of  t^  lines  of  Sines,  Tangents,  and  Secants. 

By  the  several  Ones  dli^poaed  0n  the  sector,  we  have  scales  of  several  ra- 
dii, so  that, 

1st.  .  Having  a  length  or  radius  given,  not  exceeding  the  length  of  the  sec- 
tor when  opened,  we  can  find  the  chord,  sine,  (lc.  of  an  arch  to  that  radius ; 
thus,  suppose  the  chord,  sine,  or  tangent  of  20  degrees  to  a  radius  of  2  inches 
-be  required.  Make  i  inches  the  transverse  0{^nlng  to  60^  and  60^  on  the 
chords ;  then  will  the  same  extent  reach  from  45*^  to  45^  on  the  tangents,  and 
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from  90^  to  90^  an  tli6  siqes ;  so  that  to  whatever  fadius  the  line  of  chords  ij* 
set,  to  the  same  are  all  the  others  set  also,  in  this  disposition,  therefor^,  if 
the  transverse  distance  het^-i^een  20°  and  20^  on  the  chords  he  taken  with  th« 
compass,  it  will  give  the  chord  of  20  degrees ;  and  if  the  transverse  of  90^ 
and  2.0^  be  in  like  manner  taken  on  the  sihc^,  it  will  he  the  sine  of  20  de* 
grees ;  end  lastly,  if  the  transverse  distance  of  20^  arid  20^  be  taken  on  the 
tangents, .  it  wil]  be  the  tangent  of  20.  degrees  to  the  same  radius  of  two 
inches. 

2dly.  If  the  chord  or  tangent  of  70°  were  rcquii*ed.  For  the  chord.you 
must  first  set  off  the  chord  of  60°  (or  the  radius)  upon  the  ajch,  and  then  set 
off  the  chord  of  lOO.  •  To  find  the  tangent  of  70  degrees,  to  the  same  radius^ 
the  scale  of  Upper  tangents  must  be  uscd^  the  under  one  only  reaching  to  45^; 
making  therefore  2  inches  the  transverse  distance  to  45^  and  46^  at  the  be- 
ginning^ that  scale,  the  extent  bet*veen70Q  and  70^  onthesamewiUi>ethe 
tangent  (^  70  degrees  to  ^  inches  radius. 

Sdly.  To  find  the  secant  of  any  arch ;  make  the  given  radius  the  trans* 
verse  distance  between  *0  and  OJon  the  secants  \  th^n  will  the  transverse  dis*» 
l^ee  of  20O  and  20^, 'or  70^  and  70^,  give  the  secant  f>(  S,^  or  70^  respeo- 
tively.  .  •  . 

4thly.  If  the  radius  and  any  line  representing  a  sine,  tangent,  or  secant, 
he  given,  the  degrees  corresponding  to  that  line  may  be  found  by  setting  the 
sector  to  the  given  radius,  according  as  a  sine,*  tangent,  or  secant  b  concern- 
ed ;  then  taking-  the  given  line  between  .the  compasses,  and  applying  the  two 
feet  transversely  to  the  proper  scale,  and  sliding  the  feet  along  till  they  both 
rest  on  like  divisions* on  both  legs;  .thtn  the  divisions  will  show  the  degrees 
and  parts  corresponding  to  the  given  line. 

Use  of  the  line  of  Polygons.  • 

The  use  of  this  line  is  to  inscribe  a  regular  polygon  in  a  circle.  For  exam-* 
pie,  let  it  be  required  to  inscribe  an  octagon  in  a  circle.  Open  the  sector  till 
the  transverse  4listance  6  and  G  be  equal  to.  the  radius  of  the  circle  ;  then  wiO 
the  transverse  distance  of  8  and  8  be' the  side  of  the  inscribed  polygon. 

Use  of  the  sector  in  Thigpnomefry.  '      .  ■        . 

All  proportions  in  trigonometry  are  easily  worked  by  the  double  lines  on 
'  the  sector;  observing  that  the  side$  of  triangles   are  taken   off  the  Ihjeof 
lines,  and  the  angles  are  taken  off  the  sines,  tangents,  or  secants, .  according' 
to  the  nature  of  the  proportion.    Thus,  if  jn  the  triangle  ABC  we  have  given 
AB =50,  AC =64,  and  the  angle  ABC  =46C>  30'  to  find  ^ 

the  rc^t.  In  this  case  we  have  {hy  art,  58,.  Geometry) 
U^  following  proportions,  as  AC  (64) :  sine  <  B  (46^ 
30^  ::  AB  (56) :  dne  <  C,  and  as  sine  B :  AC  ::  sine  A : 
BC.    Tjierefore  to  work  these  proportions  by  the_^  ,  v /-» 

sector,  take,  itlie  lateral  distance  64:=  AC  from  the^*^^ -^»C 

line  of  lines,  and  open  the  sector  to  make  this  a  transverse  ^stance  of  46^ 
90':=<  B  on  the  sines;  then  take  the  lateral  distance  06=A*B  on  the  lines, 
and  apply  it  transversely  on  the  sines,  which  will  give  39^  24'±=<  C.  Hence 
the  sum  of  the  angles  B  and  C  is  85°  54',  which  taken  froni  180^,  leave  the 
angle  A =94^  6'.  Then  to  work  this  second  proportion,  the  sector  being  flcrt 
at  the  sanie  opening  as  before,  take  the  transverse  distance  of  94^  6'=:the 
angle  A  on  the  sines,  or,  which  is  the  same  thing,  the  transverse  distance  of 
its  supplement  85^  54';  then  this  applied  laterally  to  the  lines,*  gives  the 
sought  aide  BC=88.'  In  the  same  manner  we  might  solve  any  problem  in 
trigonometry,  where  ^e  tangents  and  secants  occur,  by  only  measuring  the 
transverse  distances  on  the  tangents  or  secants,  instead  of  measuring  them 
on  the  sines,  as  in  the  preceding  example.  All  the  problems  that  occur  in 
Nautical  Astronomy  may  be  solved,  by  the  sector,  but  as  the  calculation  by 
logarithms  is  much  more  accurate^  it  will  be  iifs^-le***  to  enter  into  a  furth<*i- 
detail  on  this  subject. 
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I^OGARITHMS. 

IN  order  to  abbreviate  the  tedious  operations  of  .multipli cation  and  (fivision 
with  large  numbers,  a  series  of  numbers,  ctUed  logarithms,  were  invented  by 
Lord  Napier,  Baron  of  Marchinston  in  Scotland,  and  published  in  Edinburgh 
in  1614 ;  by  means  of  which  the  operation  of  multiplication  may  be  perform^ 
ed  by  addition,  and  division  by  subtraction ;  numbers  may  be  involved  to 
any  power  by  simple  multiplication,  and  the  root  of  any  power  extracted  by 
simple  divisiom 

In  Table  XXVI.  are  given  the  logarithms  of  all  numbers  from  1  to  9009  ; 
to  each  one  ought  to  be  prefixed  an  index^  with  a  period  or  dot  to  separate 
it  from  the  other  part,  as  in  decimal  fractions ;  the  numbers  from  1  to  IPO 
are  published  in  ^rnt  tablerwith  their  indices;  hut  from  100  to  0090  the  in- 
dex is  left  out  for  the  sflke  of  brevity,  but  it  may  be  supplied  by  this  general 
rule,  viz.  the  index  of  the  logarithm  -of any  integtr^  or  mixed  number  ^  ii  aUwtus  one 
leas  than  the  number  of  intager places  in  the  natural  number.  Thus  the  index  of 
the  logarithm  of  any  number  (integer  or  mixed)  between  10  and  100  is  1, 
from  100  to  1000  it  is  £,  from  1000  to  10000  is  3,  kc.  tlie  method  of  finding 
the  logarithms  from  ^is  table  will  be  evident  from  the  following  examples. 
To  find  theXogarithms  of  oiiv  number  less  than  100. 

AuLE.  Enter  the  first  page  of  the  table,  and  opposite  the  given  number 
will  be  foimd  the  logarithm  with  its  index  prefixed. 

Thus,  opposite  71  is  1.851  £6,  which  is  itb  logarithm. 

To  imd  the  logarithm  of  any  numb^  between  100  and  1000. 

Rr  LE. ,  Find  the  given  number  in  &q  left  hand  column  of  the  taUe  of  loga* 
'rithms,  and  immecUatoly  under  0  in  the  next  coluhm,  is  a  number,  to  which 
must  be  prefixed  the  number  £  as  an  index  (because  the  number  conaists  of 
three  places  of  figures)  and  you  will  have'the  sought  logarithm. 

Tbus,  if  the  logarithm  of  648  was  required ;  tlus  number  being  found  in 
the  left  hand  column,  against  it  in  the  column  marked  0  at  the  top  (or  bot- 
tom) is  found  8 12^' to  which  prefixing  tiie  in^cx  2,  we  have  the  logarithm 
of  649=4.812^4.      • 

To  find  the  logarithm  of  any  number  between  1000  and  10#00. 

Rule.  Find  the  three  left  hSuid  figures  of  the  given  number,  in  the  left 
hand  column  of  the  table  of  logarithms,  opposite  to  which,  in  the  column 
that  is  marked  at  the  top  (or  bottom)  with  the  fourth  figure,  is  to  be  found 
the  sought  logarithm ;  to  which  must  be  prefijied  the  index  %  because  the 
number  contains  4  places  of  figures.  , 

Thus,  if  the  logarithm  of  6495  was  required ;  opposite  to  649,  and  in  the 
column  marked  5  at  the  top  (or  bottopa)  is  C1208,  to  which  prefix  the  index 
S  and  we  have  the  sought  logarithm  3. 8 1 25 8. 

To  find  the  logarithm  of  any  ntanbtr  above  10000. 

.Rule.  Find  the  three  first  figures  of  the  given  number,  in  the  left  hand 
column  of  the  table,  and  the  fourth  figure  at  the  top  or  bottom,  and  take 
out  the  corresponding  number  as  in  the  preceding  rule ;  take  also  the  differ- 
ence between  this  logarithm  and  the  next  greater,'  and  multiply  it  by  the 
ginen  number  exclusive  of  the  four  first, figures,  cross  off  at  the  right  hand 
of  the  product  as  many  figures  as  you  had  .figures  of  the  piven  number  to 
multiply  by. ;  then  add  the  remaining  left  hand  figures  of  this  product  to  the 
logantmn  taken  from  the  table,  and  to  the  sura  prefix  an  index  equal  to  one 
less  than  the  number  of  integer  figures  in  the  given  number,  and  you. win 
have  tile  sought  logarithm. 

Thus,  if  the  logarithm  of  64957  was  rcauired :  opposite  to  6^*9  and  under 
S  is  81258,  the  difference  between  this  and  the  next  greater  number  81265  is 
7,  this  multiplied  by  7  (the  last  figure  of  the  given  number)  gives  49,  crossing 
off  the  right  hand  figure  leaves  4.9  or  5  to  be  added  to  81258,  which  nAakes 
81263,  to  this  prefixing  the  index  4,  we  have  the  sought  logarithm  4.81263. 

Again,  if  the  logarithm  of  6495738  was  required ;  the  logarithm  corres- 
ponding^ to  649  at  the  left,  and  5  at  the  top,  is  as  in  the  last  example  8125^ 
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the  difference  between  this  and  the  next  ^greater  is  7,  whidi  multiplied  hj 
738  (which  is  equal  to  the  given  number  excluding  the  four  first  figures)  gives 
5166,  brossing  off  the  fhree  right  hand  figures  of  this  product  (because  the 
number -738  con^sts  of  three  figures)  we  hav<ethe  correction  5  to  be  added 
to  81258 ;  and  the  index  to  be  prefixed  is  6  because  the  given  number  con- 
sists of  7  places  of  figures,  therefore  the  sought  logarithm  is  6.81263. 
To  find  the  logarUhm  of  any  mixed  decimal  nunUter, 

Rule.  Find  the  logarithm  of  the  number  as  if  it  was  an  integer  by  the 
last  rule,  te  which  prefix  the  index  of  the  inte^  part  of  the  given  number. 

Thus,  if  the  logarithm  of  the  mixed  decmial  649.5738,  was  required  ;— 
find  the  logarithm  of  6495738  without  noticing  the  decimal  point;  this,  in 
the  last  example,  was  found  to  be  81263,  to  this  we  must  prefix  the  index  2» 
corresponding  to  the  integer  part  649 ;  the  logarithm  sought  will  therefore 
be  2.812^3. 

7\>  find  the  logarithm  of  tmy  decimal  fraction  le88  than  unity. 
.The  index  of. the  logarithm  of  Aaj  number  less  than  unity  is  negative,  but 
to  avoid  the  mixture  of  positive  and  negative  quantities,  it  is  common  to 
borrow  10  or  100  ift  the  index,  which  must  afterwards  he  neglected  in  sum- 
ming them  with  other  indices ;  thus  insteaid  of  writing  th^  index  —  1,  it  is 
generally  written  -f-  ^  or  +  99 ;  but  in  general  it  is  sufficient  to  borrow  10  in 
theindex^  and  it  iawhqt  toe  shall  do  in  the  rest  of  this  work.  In  this  way  we  may 
find  the  logarithm  of  an^  decimal  .fraction  by  the  following  rules. 

Rule.  Find  the  logarithm  of  a  fraction  as  if  it  was  a  whole  number ; — see 
how  many  ciphers  precede  the  first  figure  of  the  decimal  fraction,  subtract 
that  number  from  9  and  the  remainder  will  be  the  index  of  the  given  fraction. 

Thus  the  log.  of  0,0391  is  8.59218;  the  log.  of  0,25.  is  9.39794;  (he  log.  of 
«,0000025  18  4,39794,  &LC. 

To  find  Iht  logarithm  of  a  tmlgar  fraction. 

Rule.  Subtract  the  logariUim  of  the  denominator  from  the  iogariUim  of 
the  numerator  (borrowing  10  in  the  index  when  the  denominator  is  the 
greatest)  the  remainder  will  be  the  logarithm  of  the  fraction  sought. 


EXAMPLE  1.^ 
Required  the  log.  of  f  ? 


EXAKiPLE  II. 
Required  the  log.  of  8i  or  V  • 


Tram  log.  of  S  0^7712  Front  log.  of  13  '         1.1 1394 

Take  log.  of  8  .  0.90309  Take  log.  of   ^  0.^206 


Rem.  log.  i  o^  ,375  ,       9.57403  Rem.  log.  of  31  or  3,25  0.61188 

To  find  the  wmber  correaponding  to  any  logarithm. 

R0LE.  In  the  column  marked  0  at  the  top  (and  bottom)  of  the  table,  seek 
for  the  next  less  logarithm,  nef^lecting  the  index ;  note  the  ni&nb'er  against  it, 
^nd  carry  your  eye  along  that  hne  until  you  find  the  nearest  less  logarithm  to 
the  given  one,  apd  you  will  have  the  fourth  figure  of  the  given  number  at  the 
top,  which  is  to  be  placed  to  the  right  of  the  thr^  other  figures ;  if  you  wish 
for  jgreater  accuracy,  you  must  take  the  difierence  between  this  tabular  lo- 
ganthm  and  the  next  greater,  ^Iso  the  difierence  between  that  least  tabular 
logarithm  and  the  ^ven  one ;  to  the  latter  difference  annex  2  or  more  ci- 
phers, at  the  right  hand,  and  divide  it  by  the  former  difierence,  and  place  ^the 
quotient*  to  the  right  hand  of  the  four  figures  already  found ;  and  you  will 
have  the  number  sought  expressed  in  a  mixed  decimal,  the  integer  part  of 
which  .will  consist  of  a  number  of  figures  (at  the  left  hand)  equal  to  the  index 
of  the  logarithm  increased  by  unity. f 

Thus,  if  the  number  correspon(!Ung  to  the  logarithm  1.52634  was  required ; 
I  look  for  52634  in  the  column  marked  0  at  the  top  or  bottom,  and  find  it 
standing  opposite  to  336 ;  now,  the  index  being  1,  tne  sought  number  nuist 
consist  of  two  integer  places,  therefore  it  is  33,6. 

*  Thb  f|ttotient  most  coosbc  of  u  many  places  of  fiffures  as  dwre  wore  dnben  muexed.  ooatcMtpSTlc 
to  the  rules  of  die  division  of  deciinals.  Tbos,  If  the  divisw  was  40,  and  the  number  to  which  two  ci- 
phers were  annexed  was  2,  malUng  2.00,  Uw  qnotient  must  not  be  estlarated  as  5|  but  as  05»  and  then  two 
flme»nuist  be  placed  to  the  right  of  the  four  figures  before  found. 

J  Hf^  ^^^  correspoods  to  a  fraction  less  than  unity,  you  must  place  as  many  cfpbers  to  the  left  m 
that  fiumber  as  are  equal  to  the  Index  subtracted  from  if,  ibe  decimal  point  being  placed  lo  the  left  of 
these  ciphers }  in  this  manner  you  WM  obuun  (be  sought  number. 
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If  the  dbren  logarithm  was  S.dt898 ;  I  find  thftt  SSest  stands  in  th^  co- 
Ityna  madced  0  at  tbe  top  or  bottom,  directly  opposite  to  215  which  is  tfie 
number  sought,  because  ihe  index  being  £,  the  number  must  consist  of  S 
places  of  figures. 

if  the  number  corresponding  to  the  logarithm  2.57345  was  required ;  I 
look  in  the  column  0,  and  £nd  in  it,  against  the  number  974,  the  logarithm 
57287,  and  guiding  my  eye  along  that  Une,  I  find  the  giren  logarithm  57545 
in  the  column  marked  5 ;  therefore  the  mixed  number  sought  is  8745,  and 
since  the  index  is  2,  the  integer  part  must  consist  of  S  pfaices,  therefore  the 
number  sought  is  974,5.  If  the  index  had  been  1,  the  number  would  have 
been  37,45 ;  and  if  the  index  had  been  0,  the  number  weulcT have  been  3,745. 
If  the  index  had  been  8  corresponding  to  a  number  less  than  tuiity,  tbe 
answer  would  have  been  0,03745,  Vc« 

'  Again,  if  the  humber  correspondin|;  to  the  logarithm  5,57811  was  requir* 
ed ;  I  look  in  the  column  0,  and  find  m  it  against  378,  and  under  5,  the  loga- 
rithm !^.807,  the  difference  between  this  tod  the  next  creater  logarithm 
57818  being  11,  and  the  difference  between -57807  and  me  pvtn  number 
57811  being  4,  to  this  4  I  affix  two  ciphers,  which  make  400,  and  divide  it  Inr 
11,  the  quotient  is  36  nearly ;  this  number  connected  with  the  former  four  ft* 
gures  niake  878536,  which  is  the  number  required,  since  the  index  being  9 
the  number  must  consist  of  six  places  of  figures. 

MULTIPLICATION  BY  LOGARITHMS. 

'RvLE.  Add  th^  logarithms  of  the  two  numbers  to  be  multiplied,  and  the 
sum  will  be  the  logarithm  of  their  product. 

EXAMPLE  n. 


1.89794 
1.64407 


8.94801 


0.51388 
7.39794 


le  iogant 
EXAMPLE  I. 
Multiply  35  by  35. 
85  log. 
35  log. 

trodiv^t  875  bg. 

,     EXAMPLE  in. 
Multiply  3,86  by  0,0085. 

3i,86        log. 

0,OOSlSi    log.    . 

Prodact  0,00815  log.  7.91116     Product  0,00076tflg.  6.87606 

In  the  last  example  the  sutxi  of  the  two  indices  is  16,  but  since  10  was 
borrowed  in  each  nunrfier,  I  have  neglected  10  in  the  sum,  and  the  remainder 
6  bdng  less'thjMi  the  ottier  10,  b  evidcrntiy  the  Index  of  Ibe  k>garithm  of  « 
tk'&etion  less  than  umtyr 

*  *  DIVISION  fir  LOGARITHMS. 
Rule.    From  the  logarithm  of  the  dividend  subtract  the  logarithm  of  the' 
^visor,  the  remainder  will  be  the  logarithm  of  the  quotient. 


Multiply  88,4  by  1,8. 
88,4  log. 
1,8  log. 

Prodnct  40,38  log. 

EXAMPLE  IT. 
Multiply  0,85  by  0,003. 

0,86   log. 

0,003   l<^. 


1.35085 
0.85587 

1.6056» 


9.39794 
7.477lt 


EXAMPLE  I. 
Diride875by85. 
876  log. 
85  log. 

Quotient  3&.log. 

EXAMPLE,  ni. 
.  Divide  0,00811^  by  0,0085. 
0,00816  log. 
0,0085    log. 

Quotient  3,86  W. 


8.94801 
1.39794 


1.64407 


7.91116 
7.39794 

0,51382 


example;  n. 

Divide  40,38  by  88,4. 

40,38  log.  1.60552 

88,4    log.  1.35085 

Quotient  1,8  log.  0.86687 

EXAMPLE  IV. 

Divide  0,00075  by  0,085. 

0,00076log.   ••  6.87506 

0,085     log.  8.39794 

Quotient  0,03  log.  8.47718 


In  £xamf»le  In.  both  the  divisor  and  dividend  are  fractions  le^s  than  unity, 
and  the  divisor  is  the  least,  eonsequently  the  quotient  is  greater  than  unity. 
In  Example  IV.  both  fractions  are  less  than  unity,  and  since  the  divisor  is 
the  jprea^st,  its  logarithm  is  greater  Uian  that  of  the  dividend ;  for  that  rea- 
solvit  was  necessary  to  boirow  10  in  the  index  previous  to  maicing  the  subtrac- 
tion, hence  the  quotient  is  less  than  unity. 
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LOGARITHMS. 


INVOLUTION  BY  LOGARITHMS. 

Rule.  Multiply  the  logarithm  of  the  number  giTen,'  by  the  index  of  the 
power  to  which  the  quantity  is  to  be  rai8ed«  the  product  will  be  the  loga- 
rithm of  the  power  sought.  But  in  raising  the  powers  of  any  decimal  frac* 
tion  it  must  be  observed,  that  the  first  significant  figure  of  the  power  must  be 
put  as  niany  places  below  the  place  of  units  as  uie  index  or  its  logarithm 
wants  of  10  multiplied  by  the  index  of  the  power. 


EXAMPLE  I. 

Required  the  square  of  IS  7 
18  log.     •    ' 

Answer  324  log. 

EXAMPLE  in. 

Required  the  square  of  6,4  7 
6,4  log. 


1.05527 
2 


2.51054 


0.80618 
.2 


EXAMPLE  n. 
Required  the  cube  of  13? 
IS  log. 

Answer  2197  log. 

EXAMPLE  IV. 
Required  the  cube  of  0,257 
0,25  log.      ' 


i.ns94 

3 

3.34182^ 


9.397W 
3 


Answer  40,%  log.  1.61236     Answer  0,015625.  ^.19382 

In  the  last  example  the  index  28  wants  S  of  80  (the  product  of  10  by  the 

power  3)  therefore  the  first  significant  figure  of  the  answer,  viz.  1,  is  placed 

two  figures  distant  from  the  place  of.  units. 

EVOLUTION  BY  LOGARITHMS,^ 

RuuE.  Divide  the  logarithm  of  the  number  by  the  index  of  the  power, 
the  quotient  will  be  the  logarithm  of  the  root  sought.  But  if  the  power 
whose  root  is  to  be  extracted  is  a  decimal  fraction  less  than  unity,  prefix  to 
the  index  of  its  logarithm  a  figure  less  by  one  than  the  index  of  the  power v**^^ 
and  divide  the  whole  bv  the  index  of  the  power,  the  quotient  will  be  tne  loga- 
rithm of  the  root  sought. 

EXAMPLE  II. 
Required  the  cube  root  of  2197  ?   . 

2197  log.  S)3.3418S 

An^erl3  log.  1.11394 

EXAMPLE  IV. 
Required  the  eube  root  of  0,015635  7 

0,015625  log.  8.19382 

Prefix  2  to  the  index  3)28.19382 

Answer  0,25  log.  9.39794 

TO  WORK  THE  RULE  OF  THREE  BY  LOGARITHMS. 

^Vlien  three  numbers  are  given  to  find  a  fourth  proportional  in  arithineticv 
we  make  a  statement  and  say,  as  the  first  number  is  to  the  second  so  is  the 
third  to  the  fourth;  and  by  multiplying  the. second  and  third  together,  and 
dividing  the  product  by  the  first,  we  obtain  the  fourth  number  sought.  To 
obtain  the  same  result  by  logarithms,  we  must  add  the  logarithjiht  of  the  secmuC 
and  third  numbers  together,  and  from  the  sum  subtract  the  iogarithm  of  the  first 
number,  the  remainder  unU  be  the  logarithm  of  the  sought  fourth  number. 


1.25527 


EXAMPLE  L 
IVhat  is  the  square  root  of  3247 

324  log.  2)2.51055 

Answer  18  log. 

EXAMPLE  ni. 
•  Required  the  square  root  of  40,%  7 

40,96  log.  2)1.61236 

Answer  6,4  log.  0.80618 


EXAMPLE  I 
If  6  yards  of  cloth  cost  5  doUan,  what 
will  20  yards  cost  ? 
As6 
Is  to  5 
So  is  20 

Sura  of  2d.  and  3d. 
Subtract  first 

To  16.67  log.  1.221S5 

The  answer  therefore  is  l6  dollars  and 
67.100th^  or  16  dollars  and  67  cents. 


log. 
log. 
log. 


0.77815 
0.69897 
1.30103 


2.00000 
0.77815 


,      EXAMPLE  II. 
If  a  ship  sails  20  miles  in  7  hours,  lio^ 
much  will  she  sail  in  21  hours  at  the  same 
rate? 
As7 

Is  to  20 
So  is  21 

Sum  of  3d.  and  :id. 
Subtract  the  first 

To  60 

The  answer  is 


log. 

log. 
log. 


log. 


0.845.10 
1,3010:4 
1.3222-2 
2.62325 

0l845I(I 

1.7781J 
60  miles. 


ibe  rote*  "^*  ^  wppoawl  that  10  was  boaowea  iui  Hading  tbe  index  of  the  decimarcccordiJigM 
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• .  Tb  calculate  COMPOUND  INTEREST  by  Logarilkmg. 

To*  100  dollars  add  its  int^reiit  for  one  year;  find  the  logarithm  of  this  sum 
«nd  reject  £  in  the  index,  then,  multiply  it  by  the  number  of  years  and  parts 
of  a  year,  for  whloh  the  interest  is  to  be  calculated ;  to  the  product  add  the 
logarithm  of  the  sum  put  at  interest ;  the  sura^of  these  two  loguVithms  will 
be  the  logarithm  of  the  amount  of  the  given  silm  for  the  given  time. 

.       EXAMPLE. 

Required  the  amount  o*f  the  principal  and  interest  of  955  dollars,  let  at  6 
per  cent,  compound  interest  for  7  yean  ? 

AddiBg  6  to  100  gives  106,  whose  logarifhin,  rcrjecting  2  in  the  index,  is  0.02531 

Multiplied  by  7 


Produat 
Principal  355  dolUrs 


Sum  gives  the  log.  of  533,83 


log. 
log. 


0.17717 
3.55093 

«.7274e 


Therefore  die  anumnt  of  principal  and  ibtereat  is  533  dollars  and  83  cents. 
To  fnd  fkt  Lpgarit&m-stnc,  Tangent,  qr  Secant,  corresponding  to  any  number 
of  Degrees  andldinuUs,  by  Table  XXVIL 

The  ^ven  number  tif  degrees  must  be  found  at  the  bottom  of  the  page 
when  between  45^  and  195^,  otherwise  at  the  top,  the  minutes  being  found 
in  the  column  marked  M,  which  stands  on  the  side  of  thte  page  on  which  the 
degrees  are  mar)ced;  thus,  if  the  degrees  are  less  than  45,  the  minutes  are  to 
be  found  in  the  leffe  htund  column,  &lc.  and  it  must  be  noted  that  if  the  degrees 
are  found  at  the  top,  the  names  of  hour,  sine,  co-sine,  .tangent,  kc.  must  also 
be  found  at  th,e  top ;  aod  if  the  degrees  are  found  at  the  bottom,  the  names 
sine,  co-sijto,  be*  must  also  be  found  at  the  bottom.  Then  opposite  to  the 
number  of  the  minntes  will  be  found  the  log-sine,  log-sccani,  uc,  in  ihc*eo< 
lumn  marked  s&ne,  secant,  S&p.  respectively. 

£XAM]PL£  1.  I  EXAMPLE  II. 

Required  the  log.  sine  of  %BP  37'  ?  Required  the  log!  secant  of  126<^  SO'  ?   • 

Find  9SP  at  the  tob  of  the  paga,  directly     Find'^1'26^  at  the  bottom  of  the  page,  di- 
below  which,  in  the  tell  hand  cohunn,  find  rectly.  above  which,  in  the  left  hand  column,  . 
37^;  against  which  in  the  column  marked^ifind  si/ ;  against  which,  in  the  column  mafk- 
sue  is  9.6S0S9,  the  log.  ynne  of  the  ghrened  secant,  is  10.22738  required, 
number  of  degrees ;  and  in  the  same  man- 
ner the  tangents,  sc.  are  found.  «i 

To  fnd  the  I^ogairiikm'Sine,  Co^sine,  ^,  for  Degrees,  Minutes j  and  Secmuls, 

by  Table  XXVIL 

Find  the  numbers  corrcspondingto  the  even  minutes  next  above  and  bdow 
the  given  degrees  and  minutes,  and  take  their  difference;  then  say,  as  6Q''  is 
to  the  number  of  seconds  in  the  proposed  number,  so  is  that  difference  to  a 
correction  to  be  applied  to  the  number  corresponding  to  the  least  number  of 
degreed>nd  minutes ;  additive  if  it  is  the  least.of  the  two  numbers  taken  from 
the  tabki  otherwise  subtractive. 

EXAMPLE  I.  EXAMPLE  II. 


Reqiiired  the  log.  sine  of  24^  16^  48^7 
Sine  of  S4P  16'  9.61382  Secant 

Sine  of  24    17     '  ^      9.61411 


Diff. 


29 


to  the  namber  corresponding  to  24^  iff, 
giveil  9:61405  the  tog.  sine  (^  24<^  16'  48^'. 


Required  the  log.  secant  of  105^  20'  16''  f 

of  106.20  Jog.  10.<7768 

106.21  10.57722 


Diff. 


46 


Then,  as  60^:  48"::  29:  23,  which,  added  Then  as  60'':  16"::  46:12,  w|iich,  subtracted 


from  the  number  corresponding  to  105<^  20', 
gives  10.57756,  the  log.  sec.  of  106°  20'  16". 


If  the  given  seconds  be  A,  |,  i,  i,  or  ^,  or  any  other  eveu  parts  of  a  nri- 
nute,  the  like  parts  may  be  taken  of  the  difference  of  the  logarithms,  and 
addf^  or  subtracted  as  above,  which  may  be  frequently  done  by  mspectioD. 

It  uiyiLizeu  uy  ■^wJ  v^ v_>' pt  iv^ 


rri  LOGAJfllTHxMS. 

To  find  //*e  Degrees,  Minnie9y  <md  Secmds^'Wrr^spondins^  to  mtj/^gites'Loga' 
rithmsine,  Co-sine,  fyc.  by  TabU  XXVU. 

•  Find  the  two  neareet  numbftrs  to  the  given  logarithm-sine,  co-sine,  &c. 
in  the  column  marked  sine,  co-sine,  &.c»  respectively,  one  being  greater  and 
the  other  less,  and  t^ke  their  ^-difference ;  take  also  the  difference  between,  the 
given  logarithm  and  the  logariOmi  corVesponding  to  the  least  ntimber  of  de- 
grees and  minutes :  then  say,  as  the'  first  found  dyTerence  is  to  the  second 
found  difference,  so  is  60"  to  a  niuiiber  of  seconds  to  be  annexed  to  the 
smallest  oumber  of  degrees  and  mihi]|^  before  found. 

EXAMPLE  I 
Find  the  degrees,  minutes,  ignfl  seconds  (less  than  90^)  corresponding  to  the  log.  sine 

9.61405. 
Next  less  log.  W^  16'  9.61382     Log.  of  least  numb.'240  16'  is       9.61382 

Greater  24    17  *   '  9.61411      Given  log.  9.6f405 

29  -      i23 

Then  say,  as  29  :  23  ::  60"  :  48*'  which  annexed  to  24°  l6'  gite  24°  IS'  4d"  answering 
to  log.  sine  9.61405,  Subtracting  24°  l6'  4&"  from*  180°,  theie remains  155°  43'  12", 
the  log^^ine  of  which  is  also  9.61405. 

'  EXAMPLE  n. 
Find  tRe  degrees,  minutes,  and  seconds  (above  90°)  corresponding  to  the  lo^  secant 

.10.66703. 
Secant  105°  43'  log.  10.56722     Log.  of  the  least  numb.  105°  43^  10.5672% 

Secant  105   44  10.56677     Given  log.  l0.5670a 

45  '  19 

Then  as  451s  to  19,  so  is  60"  to  25",  which  annexed  td  105°  43',  givea  105°  43'  25", 
the  degrees,  minutes,  a^d  seconds  required. 

^     .    To  find  the  Arithmetical  Complement  of  afiy  Logariikm, 

The  arithmetical  complement  of  any  logarithm,  is  what  it  wants  of  10,00000 
and  is  used  to  avoid  subtraction.  For  w*hen  working  any  proportion  by  lo- 
garithms, you  may  add  the  arithmetical  complementofliie  logarithm  of. the 
fifst  term,  instead  of  Subtracting  the  logarithm  itself^  .obserring  to  neglect  10 
kn  the  index  of  the  sum  of  the  logarithms.  The  arithmetical  complement  of 
any  logarithm  js  thus  found  .-—-Begin  at  the  indi^x,  andtrn^  dmtm  what  each 
figure  wants  ofd^  except  the  last  significant  figure^  which  take  from  10*. 

EXA3IPLE.  . 

Required  the  arithmetical  complement  of  8.6S595 1  • 
'  For  the  first  figure  9,  write  0;  for  6,  %\  forS,  7;  for  5,  4.;  for  9,  0;^nd 
for  the  last  figure  5,  write  5;  .thus  the  arithmetical  complement  is  0,S740&. 

In  the  same  manner  the  aritlimedcal  coropfement  of  1.86569  is  8.13497, 
the  ar.  co.  of  10.33133  is  9.66867,  and  the  ar.  co.  of  1.22800  is  8.77300.  To 
illustrate  the  method  of  using  the  arithmetical  complement  of  any  logarithm, 
I  shall  here  calculate  the  examples  as  given  in  page  33. 

EXAMPLE.!.  EXAMPLE  H.     , 

As  6  log.  ar.  co.  9.22185  As  7  log.  ar.  co.  *   9.16490 


Is  to  5  log.  .  0.69897 


Is  to  20  log.  1.30103 


So  is  20  log.  1.30l03Sois21  log.  1.32222 


To  16,67        log.  .  1.22185  To  60  log.  1.77S15 

•  When  the  1ih1«z  of  the  iprivea  lorarilhm  }s  greater  th«alO,M  ia  laoie  ef  the  nttmbecs  «f  Table 
XXVIl.  the  left  hand  figoni  of  It  must  be  neglecusd ;  and  when  there  are  any  eipbera  to  the  right  band 
of  the  last  significant  figure^  you  may  place  the  same  namber  Of  ciphers  to  the  right  hand  of  tte  Other 


fij^ures  of  (he  aritlimettcal  complement. 
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PLANE  TRIGONOMETRY. 

PLANE  TRIGONOMETRY  is  tKe  science  which  shows  how  to  find  thv 
measures  of  the  sidps  and  angtcs  of  plane  triangles,  some  of  them  b^'inj; 
already  known.  It  is  divided  int»  two  p^rts,  right-angled  and  ohlique-anglod : 
in  the  former  rase,  one  of  the  angles  is  a  right  angle  or  90^;  in  the  latter 
they  are  all  oblique. 

Tn  every  plane  triangle  there  are  six  parts,  viz.  three  sides  and  three  an- 
gles; any  three  of  which  being  gitcn  (etSept  the  three' angles)  tlie  oth«r  . 
three  may  be  found  by  various  methods,  viz,  by  Gunter's  Scale,  by  the  slid- 
ing rule,  by  the  sector,  by  geometrical  construction,  or  by  arithmetical  cal- 
culation. We  shall  exjilairi  liach  of  these  methods  ;•  but  the  latter  is  by  far 
the  most  accurate ;  it  is  performed  by  the  help  of  a  few  theorems,  and  a 
trigonometrical  canon,  exhibiting  the  natural  or  the  logarithmic  sines,  tan- 
gents, and  secajfits,  to  every  degree  and  minute  of  the  quadrant,  f  The 
theorems  aDuded  to  are  the  following : 

.;     THEOREM  I. 

tn  any  right  angled  trumgU^  if  tKt  hypotenuse  be  made  radh»,  one  tide  tcUl 
be  Vie  sine  ^the  opposite  anglt,  and  the  other  its  co-sine ;  but  if  either  of  the  leB;s 
be  made  radius^  the  other  leg  mil  be  the  tangent  of  the  apposite  angle,  and  the 
hypoienuse  unit  be  the  secant  of  the  same  coigle. 


■/"■ 


*••  • 

•  f 


^.*»*" 


"<» 


^    / 


illjprji 


JFlffa 


1st.  If  m  the  right-angled  plane  triangle  ACB  {!k%*  V)  we  make  tlie  hypo- 
tenuse AB  radkis,  and  upon  the  centre- A  describe  the  arch  BE,  to  meet  AC 
produced  in  E ;  then  it  is  evident  'that  BC  is  the  sins  of  the  arch  BE  (or  the 
sine  of  the  angle  BAG)  and  that  AC  is  the  co-sine  of  the  same  an^le:  and  if 
the  ar«h  AD  be  described  about  iScvt  centre  B,  AC  wHl  be  the  tme  of  tlie 
angle  ABC,  and  BC  its  cQ-sine. 

2dly.  •  If  the  let  AC  {fi%^  «)  *c  made  radius,  and  the  arch  CD  be  described 
about  the  centre  A ;  CB  will  be  the  tangent  of  that  arch,  or  the  tangent  of  the 
angle  CAB ;  and  AB  will  be  its  secant. 

Sdly.  If  the  leg  BC  (%.  3.)  be  made  radian,  and  the  arch  CD  be  described 
about  the  4;entre  B ;  CA  will  be  the  tangent  of  that  arch,  or  the  tangent  of 
the  angle  B ;  and  AB  will  be  its  secant. 

Now  it  has  been  afready  demonstrated  (in  art.  55.  Oeam.)  that  the  sine, 
tang.  sec.  be.  of  any  arc^  in  oite  circle,  is  to  the  sine,  tang.  sec.  kc.  of  a  simi'* 
Jar  arch  in  another  drclo  as  the  radius  of  the  former  circle  to  the  radiui  of 
.the  latter.  And  since  in  any  right-angled  triangle  there  i^e  git«n  either  two 
Sides,  or  the  angles  and  one  side,  to  find  the  rest;  we  may,  if  we  wish  to  find 

aecflMUT  to  Addftoy  further  dIewrlMioD  of  the  ute*  of  die  se<^  or  f  Udte  rule,  for  wbut 
rijpwfift  bo  floflctent  hr  toy  one,  tolerably  welfTertrtln  the  a<e  of  Gunierf  Scale. 


*  Tt  iHtt  Boi  be 

we  )»▼•  atnmdy  gives 
t  SceT^foeXXnr 
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a  side,  make  any  side  radius;  then  say,  as  the  tabular  nunfber  of  the  same 
name  ,as  the  ^ven  side  is  to  the  given  side  of  the  triangle,  90  b  the  tabular 
number  of  the  same  name  as  the  required  side,  to  the  required*  side  of  the 
triangle.  If  we  wish  to  find  an  angle,  one  of  the  git  en  sides  must  be  made 
radius ;  then  say,  aB  th6  side  of  the  triangle  made  radius,  is  to  the  tabular  ra- 
dius, so  is  the  other  given  side  to  the  tabular  sine,  tangent,*  seoant^  be.  by  it 
represented;  which  being  sought  for  in  tiie  table  of  sines,  kc.  will  correspond 
to  the  degrees  and  minutes  of  the  required  angle: 

THJ^RfiM  II. 

(n  all  plane  triangles,  the  sideM  errata  direct  prjopottton  to  the  nnes  of  their  op- 

posile  angles  (by  art.  58,'  Geom.) 

Ilence,  to  find  a  4de,  we  must  say,  as  the  sine  of  an  angle  is  to  its  opposite- 

side,  so  is  the  sine  of  either  of  tlie  other  angles  to  the  side  opposite  thereto. 

But  if  we  wish  to  find  an  angle,  we  must  say,  as  any  given  side  is  to  the  sine  of 

its  opposite  ^gle,  so  is  either  of  tlie  other  sides  to  the  sine  of  its  opposite  angle. 

THEOREM  III.    . 

In  every  plane  triangle,  it  will  be,  as  tlte  sum  of  <my  ttoo  sides  is  to  their  dif- 
ference, so  u  the  tangent  of  half  the  sum  of  the  two  opposite  angles  to  the  tangent 
of  half  their  difference  (by  art.  59,  Geom,) 

THEOREM  IV. 

As  the  base  of  any  plane  triangle  is  to  the  sum  of  the  ttoo'sides,  so  is  the  dif- 
ference of  the  two  sides  to^twice  the  distance  ofajferpendicidar  ( let  fall  t^on  the 
base  from  the  opposite  angle)  from  the  middle  of  the  bast  (by  art.  60,  Geom.) 

THEOREM  V. 

In  any  plane  triangle,  as  the  rectangle  contained  by  any  two  tides  including 
a  sought  angle,  is  to  the  rectangle  coniaihed  by  the^hcufsum  of  the  sides  and  the 
half  sum  decreased  by  the  other  side,  so  is  the  square  of  radms  to  the  square  of 
the  co-sin^pf  half  the  sought  angle  (by  art.  61,  Geom.) 

[Id  additioa  to  these  theorems,  it  will  not  be  amiss  Tor  the  learner  to  recall  to  mind  the  followiog  arti- 
cles, inuM  of  which  have  been  already  demoiutnited.] 

1.  In  every  triangle,  the  greatest  side  is  opposite  to  the  greatest  angle; 
and  the  greatest  angle  opposite  to  the  greatest  side. 

2.  In  every  triangle  equal  sides  subtend  equal  angles*    (Art.  39,  Geom,) 
9.    The  three  angles  of  any  plane  triangle  are  equal  to  180^.     (Art.  9^f 

Geom*) 

4.  If  one  angle  of  a  triangle  be  obtuse,  the  rest  are  acute;,  and  if  one  angle 
be  right,  the  other  two  together  make  a  right  angle,  or  90^4  therefore,  if 
one  of  the  acute  angles  of  a  right-angled  triangle  be  known,  the  other  is  found 

•;by  subtracting  the  known  angle  from  90^.  If  one  angle  of  any  triangle  be 
known,  the  sum  of  the  other  two  is  found  by  subtracting  the  given  angle  fh>m 
180^;  and  if  two  of  the  angles  be  knowh,  the  third  19  found  by  Subtracting 
their  sura  from  180^. 

5.  The  complement  of  an  angle  is  what  it  wants  of  90<^,  and  the  supple- 
ment of  an  angle  is  what  it  wants  of  1 80^. 

In  the  two  following  tables  ive  hare  collected  all 
the  rules  necessaiy  for  solving  the  various  casitfs  of 
Right-Angled  and  Oblique-Angled  Trigonometry. 

RIGHT-ANGLED  TRIGONOMETJiy. , 


case. 

Given. 

BoQgbt. 

SoinUons. 

t 

Hyp.AC. 
Angles. 

Leg  BO. 
LegAB. 

ICaa.    :    hyp.  A/U.    £    :    sine  A.    :    leg  Ba 
Bad.    :    hyp.  AC.    :    :    sIneC.    t    leglK 

2liS 

Leg  BO. 

a4««. 

UgAB. 

ijprp.  AO. 

Bad. .  :    leg  BO.    :    :    taog.  C.  :    kig  AB. 
(Bad.    :    leg  BC.* :  >    sec.*  C.  t  ^  AC. 
{OrSineA    :    leg    BC.    :    t    md.  :  fiyp.AO. 

4k5 

EeM- 

Angles. 
legBC. 

Uy&AO.  :rad.    :    t    leg  AB.  :  sine  C.  whose  eomp.  U  A. 
Ra5:    t    hyp.  AC.    «    :    sine  A.    :    leg.BO. 

B 

SSTk*^. 

Angles.    . 
Hyp.  AC. 

LegBC. '.rad.    :    :    leg  AB.  :  taag-C.  whose  eoM|»>»^ 
CSii^C.  :leffAB.    :    :    rad.    :    liyp.  AO. 
Orrsd.    :    fcgBO.    :    t    secO.    :    hyp.  A"                       ^ 

ioogle 
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Oivvn. 


'       1    Soughu 


and  Side 


DC. 
AC. 


Bint  O    :    sld«JkB    : 
Sine  O  '^   aide  AB    : 


die  A    :  side    BG. 

neB    ;^dde    AC. 

tideBO  :  lint  A,  whkh  ttddcd  ( 
n  180O  rivetB. 
sIikB    :    ddtAC. 


TwosidetA] 


-^JcS 


r 


j^  Angle  A. 


«?"«!•  API 


."srsi 


loSkle 


dne  C 


SMeAB 
;i9  B.        0,  and  Uie  n 
4C.  Sine  C    :    ilde    AB 


41^5 


Two  tldee  A  G^ 
ABandcbeio- 
chide4aiigIeA 


:ta^. 


BideBC. 


Subttaet  half  the  given  ansle  A  flnom  m  the  «alnder  It  haU 
the  sum  of  theoUier  anglei.  Then  eay,  at  the  tiim  of  the  eldca  AO, 
AB  Ulo  their  difference,  to  ia  the  tancent  »f  the  half  Mun  of  the 
other  angles  to  the  tangent  of  half  their  dUTerewx ;  which  MMed 
to  and  sublraeted  from  the  half  ram,  wUl  gi^  the  two  anglM  B  and 
C  the  greatest  angle  being  opposite  to  the  matest  side. 

Sine  -B    :    side  AG    :   :    sloe  A    :    sT<fe  BG. 


kite  to  the  required  angle  ',  then 


An   the 

gles. 


AU 


Let  foU  a  perpendicular  BD  opposite  to  the  required  «ig 
as  AG  :  sum  of  AB,  BO  :  :  thehr  difference  %  twice  DO,  the 
of  the  perpendicular  from  the  middle  of  tie  base;  hmc^ 

are  kn^nVand  Che  triangle  ABC  is  dlf"^  *  '    '^ 

triangles  BCD,  BAD.  theo  by  cases 4  i 
nometry,  we  amy  And  the  angle  A  or  O. 


insled 
'^D'byf»sm  4^and  0  of  right^ngfcd  trif 


V  ilgWun^ 


CD 


igo- 


rule. 


Either  angle, 


Either  of  the  anele^  ai 
From  half  the  Jhm 


A,  may  also  be  found  by  the  Ibllowtng 
or  the  three jides  subtract  the  sMe  BC  op- 


posite to  tiie  sought  angle }  take  the  logf  riihms  of  the  half  sum  and 

remainder,  to  which  «(id  the  artthmetiput  csmplemenia  of  the  higa- 

~  (includinff  the  soueht  ugle;)  half  the 


rithms  of  \be  sides  AB,  AG  (inctv^liQg  the  soueht  angle ;)  half  the 
sum  of  these  four  logarithms  wUl  be  the  lofaritbmle  co>sne  of  half 
the  sought  angle.        ^  __♦ ^ 


lAc  hgmrkkm 


left  hand  figure  of  the  bidet  of  the  sum  o?  the  second  and  third  terms.    But  wten  the  radius  occurs  in 
the  second  orihirdtenn,  you  must  suppose  an  udit  to  be  added  to  the  second  I«  hand  figure  of  the  lu- 
'  '       '  '     '      ct  tbereflrom  the  k>garhlim  ofthe  first  term. 


dex  of  te  other  Unn,  and  subtract  t 


RIGHT-ANGLED  TRIGONOMETRY. 

SoluHon  of  the  six  Cmhs  in  right-angled  Trigon^mttry. 
CASE  I. 
Tht  angha  and  hypotemue  given,  to  find  the 

*  Given  the  hypotengse  AC  il50  leagues,  and 
the  angle  C  opposite  to  the  side  AB=Sb^  .SO^ 
to  find  the  base  CB  and  perpendicular  AB. 

BY  PROJECTION. 

Draw  the  base  CB  of  any  length ;  with  an 

extent  eoual  to  the  chord  of  60^  and  on  C  as  af2 

centre,  aescribe  th^  arch  DE;  from  £  to  D 

lay  off  35^  30'  taken  from  the  Une  of  chords,* 

through  C  and  D  draw  the  Une  AC,  which  make  equal  to  250;  from  A  let 

fall  the  peipendicular  ABt  tb  cut  CB  in  B,  and  it  is  done;  for  CB  will  be 

203.5«  and  ABsl45.2. 

s  kind  the  angles  are  measured  from  the  line  of  chords,  th»  radius  «ad  for 
Jie  angles  waio  he  measured,  being  equal  to  the  chord  of  680,  the  aides,  of 


irfeetfens  of  this  1 

acsenung  aims  by  wbkh  the  angles  waio  be  measured,  being  equal  to  tt 
Ui«trtaDgl6saf«meaMredbyscaIefOfeq«BlparttaswasbeforeobierTed.^,y,uzt^uuy  ^^^^-cl^ 


o'b; 


RIGHT-ANGLED  TRiGONOAlEtRY. 


BY  LOGARITHxMS. 

By  making  the  hypotenuse  CA  radiu,s,  it  will  be, 


To  find  the  base  BC. 
As  radius 

Is  to  the  hypot.  AC  250 
So  is  the  sine  ang.  A  54P  30' 

To  the  base  BC  203,5 


10.00000 
2.39794 
9.91069 


To  find  the  perpendicular  A% 

As  radius  '  10.00000 

fs  to  the  hypot.  AC  250         *    '       2.39794 

So  ja  sine  ang.. C  35'  30'        .      9.76395 


2.16189 


2.30963  To  the  per.  AB  145.2 

BY  GUNTER'S  SCALE. 

In  all  proportionfl  wrought  by  Gunter^s  Scale,  when  the  first  and  second 
terms  are  of  the  same  kind,  the  extcAit  from  the  first  term  to  the  seeond,  will 
reach  from  the  third  A  the  fourth.    .    '    '       .      • 

Or  when  the  first  and  third  terms  are  of  the  same  khid* ' 

The  extent  from  the  first  term  to  the  thi^d  will  reach  from  the  second  fo 
the  fourth;  that  is,  set  one  point  of  the  compasses  on  the  division  expression ' 
the  first  term,  and  extend  tiie  other  point  to  the  division  expressing  the  third 
term ;  then,  without  altering  the  opening  of  the  co^hpasses,  set  one  point  on 
the  division  representiojg  the  second  term,  and  the  other  point  will  feu  on  the 
divisien  showing  the  fourth  term  or  answer. 

In  the  present  example  the  work  will  be  as  follows; 

Extend  from  radius  or  90^,  to  54^  50'  on  the  line  of  sines;  that  extent  wilr 
reach  from  250,  the  hypotenuse,  to  203.5,  the  base  on  the  .line  of  numbers  ; 
and  th»  extent  from  radius,  or  90^,  to  35^  30'  on  the  line  of  sines,  will  reach 
from  250  to  145.2  on  the  line  of  numbers. 

•  Observe  the  like  in  all  that  foUoWs,  except  in  those  proportions  where  the 
w  ord  secant  is  mentioned,  ^vhich  cases  must  be  wrought  by  considering  the 
hypotenuse  radius,*  there  being  nt>  line  of  secants  on  the  common  Gunter's 
Scale,  although  it  might  easily  be  n^ked  on  the  line  df  sines. 

Jfote.    The  mdius,  aoconliog  to  tiie  nature  of  the  proportion,  me;  be  either, of  4h«  fbllo^qg  quantiiies. 
8  points  on  the  line  of  rhumbs.  I        90^  on  the  line  of  sine*. 

4  points  on  the  line  of  tan-rhumffs.*        |         459  on  thfi  line  oC  tangents. 

CASES  IL  AifD  III. 

The  angles  and  one  Ug  given,  to  find  the  hy- 

poUnuae  and  other  leg.  * 

The  angle  ACB  SfP  15',  the  leg  BC  325  "^ 
miles,  given,  to  find  the  hypotenuse  and  the 
other  leg.  ^f 

BY  PROJECTION. 

Draw  the  line  BC,  which  make  emial  to  ^  ^ 
3£5  miles;  on  B  erect  the  p^pendicular 
B  A ;  on  C,  as  a  centre,  with  the  cnord  of  60° 
sweep  the  arch  BD,  which  make  equal  to 
330  15';  draw  CD,  and  continue  it.  to  cut 
AB  in  A,  and  it  is  done ;  for  AB  b^ing  1^ 
measured  on  the  same  scale  that  BC  was,  "■* 
will  be  213.1,  and  AC  388.6  miles. 

BY  LOGARITHMS. 

By  making  the  base  BC  radius,  it  will  be, 


To  find  the  perpendicular  AB. 
A8radivu!45?  10.00000 

Is  to  the  base  BC  325  2.51188 


2.32854 


To  find-  the  hypoteanse  AC. 

As  radius  90°  10.00000 

Is  to  the  base  BC  325  2.51183 


9.81666  So  i»  sec.  ang.  C  3y>  15'  10.07765 

To  the  hypot  AC  388.6  2.68953 


So  is  tang.  «]^  C  33^  15' 

4 
Tqtheperpen.  AB  213.1 

BY  GUNTER. 

Extend  from  45°  to  33^  15'  on  the  line  of  tangents ;  that  extent  wiH  reach 
from  the  base  325  to  the  perpendicular  215,1  on  tlM  line  of  numbers. 

2dly.  Extend  from  56°  45' to  radius  on  the  line  of  sines;  that  extent  will 
reach  from  the  base  325  to  the  hypotenuse  388,6  on  the  line  of  numbers. 

*  Or  by  Qting  in  the  anatofry  radius  t  tm.  angle  instead  of  Mcanf  angle ;  iUidiut  and  nuUas :  sine  ang-U: 
ioitead  of  co-iecant  angle ;  Ko«)ins«  » 

^  uiyiLizi3;u  uy  x-j  v_/ v^ pc  in^ 


RIGHT-ANGLED  TRIG ONOME THY. 
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CASES  IV.  AND  V. 
Thf  hypotenuat  and  <me  ke  givm,  to 
jmd  the  angles  and  other  leg. 
The  leg  AB  91,  the  hypotenuse  AC 
170,  given,  to  And  the  angle  ACB,  or    , 
BAG,  and  the  leg  BC 

BT  PROTECTION.  ^ 

Draw  BC  at  pleasure ;  on  B  erect 
the  perpendicular  BA,  which  make 
equal  to  91;  take  170  in  your  com- 
passes, and  with  one  foot  on  A,  de- 
scribe an  arch  to  cut  BC  in  C ;  join  A  B  C 
and  C,  and  it  is  done;  for  the  angle  C  will  be  93P  22',  th^  angle  A  57^  38% 
and  BC  143,6. 

BY  LOGARITHMS. 
By  making  the  hypot^uae  radius  it  wiU  be, 


To  find  the  angle  C. 
As  the  hypotenuse  170 
Js  to  radius 
So  is  the  perpendicular  91 

To  sine  angle  C  32°  22' 


2.23045 

10.00000 

1.95904 


To  find  the  ba« 
As  radius 

Is  to  the  hypotenuse  170 
^o  is  sine  ang.  A  (7^  ^ 


iBC. 


r  BC  143,6 


10.00000 
2.23045 
9.92667 

2.I5;^2 


.9.72859[To  the  I 
BY  GUNTER. 
Extend  from  the  hypotenuse  170  to  the  perpendic|ilar  91  on  the  line  of 
4iumbers;  that  extent  will  reach  fVom  radius  to  the  angle  C,  or  the  comple- 
ment of  angle  As=8aO  Sit  on  the  line  of  sines. 

£d]y.  Extend  from  radius  to  the  angle  A  57^  38'  on  the  line  of  sines ;  that 
ipxtent  will  reach  from  the  hypotenuse  170  to  the  base  143.6,  on  the  line  ul' 
numbers. 

CASE  VI. 
Tht  kgs  giom^  to  find  ike  anglet  and  hypotenuse* 
The  legs*AB  800,  BC  707,  given,  to  find  the  angle 
BAG  or  ACB,  and  the  hypotenuse  AC 

BY  PROJECTION. 

Make  BC=707,  and  on  B  erect  the  perpendicular 
BA,  wliich  make  equal  to  890 ;  join  AC,  and  it  is  done ; 
for  the  atngle  C  will  be  51^  3i';  consequet|tly  the  angle 
A  38^  £8',  and  the  hypotenuse  1137.  B 


7^^ 


-:iC 


BY  LOGARITHMS.* 

By  making  the  base  radius,  it  will  be, 


To  find  the  angle  C. 
As  the  base  707  8.84942 

Is  to  radiu»  10.00000 

So  is  the  perpendicular  890 


To  Un.  ang.  C=51°  Sa'  10.09997 


To  find  the  bypotenise  AC.f 


As  radius 
Is  to  the  base  707 
2.94939  So  is  the  sec.  ang.  C  BV>  32 


To  the  hjp.  AC=1137 


lo.ooooa 

2.84942 
10.20617 

3.05559 


BY  GUISTTER. 

The  extent  from  707  to  890  on  the  line  of  numhen  will  reach  froto  radius, 
or  45  degrees,  to  the  angle  C  51<=^  32'  on  the  tintt  of  tangents.      ^ 

2dly.  The  extent  from  the  angle  C  51 C'  34'  to  radius,  or  90<^,  On  the  line 
of  sines,  will  reach  from  tiie  base  890  to  the  hypotenuse  1 137,  on  the  line  of 
ifumbers- 


WkM  youttk*  the  log.  lines,  or  ttogents  to  tbe  lysriist  minute  only,  it  b  best  to  tse  this  canon 
findiqr  BC,  which  is  more  eorrect  than  the  one  found  by  nialung;  the  perpeodlcaUr  ndios;  beeuise 
variauoB  of  UkeJpe.«lo«  of  tn  arch  Is  less  than  the  conespondln;  variation  of  the  log.  tangrat 

are  luialtf^  AC  it  is  best  to  make  (be  greatest  side  radius,  for  the  reason  mentioned  in 


for 

the  ^-  ^ 

t  When  f  ou 
the  last  note. 


.^.v 
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OBUQUE   TRIGONOMETRY. 


QUESTIONS 

Tp  extrcm  the  Uirrner  in  Right- Angled  Pkme  Trigonometry,  ,> 

Quest.  1'.  The  hypotenuse  496  miles,  and  the  angle  opposite  to  the  base 
56^  15^  given,  to  find  the  base  and  perpendicular. 

Ans.    Base  4l£.4,  and  the  perpendicular  275.6  miles. 

Quest.  2.  The  perpendicular  275  leagues,  and  the  angle  opposite  to  the 
base  56^  15',  given,  to  find  the  hypotenuse  and  base. 

Ans.    The  hypotenuse  495,  and  base  411.6  leagues. 

Quest.  3.  Tke  base  33  yards,  and  the  angle  opposite  to  the  perpendicular 
530  2e',  given,  to  find  the  hypotenuse  and  p)erpen£cular. 

An^    Hypotenuse  55.39,  and  the  perpendicular  44.49  yards. 

Suest  4.    The  hypotenuse  575,  and  perpendicular  50  miles,  given,  to 
the  base. 
Ans.    Base  572.8  miles. 

Quest.  5.  The  hypotenuse  59,  and  the  base  33  mll^s,  given,  to  find  the 
perpendicular.  * 

Ans.    Perpendicular  48.9*miles. 

Quest.  6.  The  base  33,  and  perpendicular  52  leagues  given,  to  find  the 
hypotenuse.  • 

Ans.    Hypotenuse  6 1.59  leagues.  * ., 


OBLIQUE   TRKJONOMETRY- 

CASE  L 

Tioo  anglet  and  one  side  given,  to  find  either  of  the  legs. 

Given  the  angle  BAC=100O 
the  angle  ACBa:540  and  the  ^../* 

I(>p  AB=220  to  find  the  sides. 


BY  PROJECTION. 

Subtract  the  sum  of  the  angles  A  and  C  fronj  180<>,  the  remainder  will  be 
the  angle  B =26^.  Draw  the  rodefinite  line  BE,  also  the  line  BH,  making  the 
angle  EbH=:26^,  on  BH  set  off  BA  220.  On  A  make  the  angle  BAC  100^ ; 
then  AC  will  intersect  the  lifte  BE  in  tlie  point  C,  which  completes  the  trian- 
gle, and  BC  wiV  measure  (on  the  same  scale  from  which  BA  was  laid  down) 
^'68  nearly,  an4  AC  119. 

BY  LOGARITHMS  by  Theorem  II. 


.    To  find  BC. 
As  the  sine  of  tte  angle  C  54^ 
Is  to  the  ride  Af  220  8.34242 

So  is  the  sine  oAhe  ang.  A  l(HP     9.99335 


To  find  DC. 
9.90796  hi  sine  ang:  C  64^ 
Is  to  the  side  AB  220 
So  is  the  sine  ang.  B  96^ 


12.33577 
9.90796 


To  tbe  side  BC  267.8 


9.90796 
2.34343 
9.64184 

11.98436 
9.90796 

S.07630 


2.42781  To  side  AC  119.2 
,  BY  GUNTER. 

The  extent  from  the  angle  C=s540  to  the  angle  A  or  its  supplement  SQO  0,^ 
the  sines,  will  reach  from  AB=:220  to*  BGs=S68  on  the  line  of  numbers. 

2dly.  The^xtent  from  the  angle  C  =s540  to  the  angle  Bsft6®,  on  the  sines, 
will  reach  from  AB::s280  to<^C=119  on  the  line  of  numbers. 

uiyiuzeu  uy  ■vJvJv^Si  Iv^ 


OBLIQUE  TRIGONOMETRY. 
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CASES  n.  AND  III. 

Two  sidks  and  an  angle  opptaUt  to  one  of  them  btmg  given^  to  find  the  (UKer 
angies  and  the  third  nde. 

NoTS.  It  may  be  jj 

pK>per   to  observe,  ^^ 

that  if  the  given  an-  ^^^ 

gle   be  obtuse,    the  ^K^ 

angle  sought  wiD  be  q  ^^'^^y^\^ 

acute :  but  when  the  ^^^'\/^  /^^ 

given  angle  is  acute  ^^^^  JK^  ^^\v 

and    opposite  to    af*  A.^^e^^^\y     •  :- K       >v^/  E 

lesser    ^iven     side, "^  ^^^4 ', ^ ' ^ 

then  it  is  doubtful 

whether  the  required  angle  is  acute  or  obtuse ;  it  ought  therefore*  to  be  given 

b^  the  conditions  of  the  problem. 

Example.    Let  there  be  given  the  side  BC  410,  the  side  AB  640,  and  the 
angle  A  29^^,  to  find  the  other  side  AC,  and  the  angles  ABC,  BCA. 

BY  PROJECTION. 

Draw  the  indefinite  line.FE,  make  the  angle  DAEssSS^^,  on  AD  set  off 
AB=:640,  then  on  B,  with  410  in  your  compasses  taken  from  the  same  scalr, 
describe  an  arch  cutting  F£  in  the  points  C  and  G,  join  BC,  BG,  and  it  l<i 
done;  for  the  triangle  may  be  either  AC B,  or  AGB,  according  as  the  angle' 
C,  or  Gi  is  acute  or  obtuse;  if  that  ang;le  be  acute,  the  triangle  will  be  ABC ; 
the  side  AC  will  measure  908,  the  angle  ACB  will  measure  88^^,  and  the 
angle  ABC  will  measure  118^  nearly  ;  but  if  the  angle  at  the  base  be  obtusr, 
the  triangle  will  be  AGB ;  the  side  AG  will  measure  266,  the  angle  AGB 
will  measure  UXP  and  the  angle  ABG  l^o. 

If  the  side  BC  had  been  given  greater  than  AB,  there  could  have  been  only 
one  answer  to  this  problem  ;  for  m  that  case,  the  point  G  would  have  fallen 
on  the  continuation  of  the  line  C A  towards  F,  in  which  case  the  angle  A  of 
the  triangle  would  become  equal  to  FAB,  instead  of  being  equal  to  its  supple^ 
ment,  as  is  required  by  the  conditions  of  the  problem. 

BY  LOGARITHMS,  by  Theorem  II. 


To  find  the  sngU  C  or  6. 
As  the  side  BC  410  2.6127S 

Is  to  the  sine  of  angle  A  23i^         9.60070 
So  is  the  side  AB  640  2.80618 


To  find  Aa 
As  sine  angle  C  38^  3(K 
Is  to  AB  640 
So  is  sine  angle  ABC  118^ 


12.40688 
2.61278 


To  sine  ang.  C  38  30  or  G  141  ?0    9.79410 
An^  A  add     23.  30  23  30 

Subtract       62    0  or     165    0 
From  180    0  180    0 


Ang,  ABC  118    0  ABG  15    0 


To  the  side  AC  907,8 

To  find  AG. 
As  sine  an^e  G  141"^  SO' 
Is  to  AB  640 
So  is  sine  angle  ABG  15^ 


9.79410 
2.8061S 
9.94593 

12.752L1 

9.79<1U 

2.95801 


9.79410 
2.80618 
9.4130Q 

I2.2l9t3 
9.7,9410 

2.425CIS 


To  the  side  AG  266^1 
BY  GLNTER. 

1st.  .  Tlie  extent  from  BC=410  to  AB=610,  on  the  line  of  numbers,  Will 
reach  from  A=adi^,  to  384^,  on  the  line  of  sines,  which  is  equal  to  the  angles 
C ;  its  supplement  141^  30'  being  equal  tp  the  angle  G. 

idly.  The  extenffrom  the  angle  €=38^  30'  to  62^  0'  (the  supplement 
of  the  angle  ABC,  118^0')  on  the  sines,  will  reach  from  AB=:640  to  008,  on 
the  line  of  numbers;  therefore  the  side  AC =908. 

Or,  the  extent  from  38^  30'  (the  supplement  of  the  angle  G)  to  the  an^o 
ABG=150  0'  on  the  sines,  will  reach  from  AB=ai840  to  «66,  on  the  line  of 
numbers:  hence  AG=2f.6.  iyuzt^u uy  ^^^^^^ 

H 
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CASES  IV.  AND  V. 

Two  sides  and  their  eorUained  angle  being  fiven^  to  find  either  of  the  other  an- 
gles and  the  thtrd  side. 
Given  the  side  AB   110  m.  AC  80  m.    j] 
and  angle  BAC  96^  0'  to  find  the  angles 
BCA  and  CBA. 

BY  PROJECTION. 
Draw  the  indefinite  right  line  AD,  on 
which  set  off  AB;sllO;  make  the  angle 
£AB=96^;  and  on  AE  set  off  AC=r80; 
join  BC,  and  it  is  done ;  for  BC  will  mea- 
sure on  the*  former  scale  143,  and  the  an- 


gles B  and  C  will  measure  93^  55'  and  50^ 
5'  respectively  on  the  line  of  chords. 


BY  LOGARITHMS. 


To  find  the  angles  B  and  C  by  Th.  III. 
Am  sum  of  sides  AC  and  AB  190      S.97875 
Is  to  their  diffinnenoe  30  1.4771S 

So  is  tang.  Ik  ■"»  0©.  <'s  >  ^go        9.95444 

orcomp.^  ang.  A.         ) 


11.43156 

2.27875 


To  tang,  half  diff. 

Sum  is  angle  C 
Dtff.  is  angle  B 


8°  5'=9.15281 


50    5 
33  53 


To  find  the  side  BC  by  Theorem  If. 

As  sine  ang.  B  33^  55^  9.74662 

Is  to  AC  80  1.90309 

Soissineang.  A  96^0'     )  aaajt^ 

or  its  sup.  84  0      J  ^'^^^ 


To  side  BC  142.6 


11.90070 
9.74662 

2.15408 


BY  GUNTER. 

1st.  The  extent  from  the  sum  of  the  sides  190  to  their  difference  dO  on 
the  line  of  numbers,  will  reach  from  the  half  sum  of  the  angles  B  and  C  ^iP 
to  their  half  difference  8^  5'  on  the  line  of  tangents.  The  sum  of  whicH  half 
sum  and  half  difference  gives  the  angle  C  50^  5'  and  their  difference  the  angle 
B  9SP  55' ;  the  greatest  angle  being  opposite  to  the  greatest  side. 

£dly.  The  extent  from  the  angle  B  SS^  55',  to  the  an^le  A  OfiO  (or  its 
supplement  84^)  on  the  line  of  sines,  will  reach  from  the  side  AC  80  to  the 
side  BC  I4S,6  on  the  line  of  numbers. 

CASE  VI. 

The  three  sides  of  a  plane  triangle  given,  to  find  the  angles. 

The  sides  AB  85,  BC  57,  AC  108  given,  to  find  the  angles  ABC,  BAC,  BCA. 
BY  PROJECTION. 
Draw  the  line  AC,  and  make  it 
equal  to  108 ;  take  85  in  your  com- 

passes,  and  with  one  foot  on  the  \Bx^ 

point  A»  describe  an  arch;   then  "' 

take  the  distance  57  in  your  com- 

S asses,  and  with  one  foot  on   C,  ^ 

escribe  another  arch  intersecting .  ^ 

the  former  arch  in  the  point  B; 
join  AB,  CB,  and  it  is  done.    For 
the  angle  A  being  measured  will 
be  found=;dliO,  B=970  and  the^ 
angle  C=5Ii^  nearly. 
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BY  LOGARITHMS,  by  Theorem  IV. 
Suppose  BD  to  be  drawn  peipendiciilar  to  AC,  and  that  A6s=GC. 


Side  AB=85 
Side  BC=^57 

14S 


Sum  of  tbe  sides 
Diff.  of  the  sides 


Half  base  AC  54 

DG  1S.4 

Sum  b  greater  SM^  AD  7S.4 

Diff.  is^least  seg.  DC  35.6 


As  the  base  AC  108 

Is  to  the  sam  of  the  sides  AB  and  BG 142 

So  is  diff.  of  the  sides  AB  and  BC  88 


To  twice  DG 
Its  haif=D6 


9o,o 
18,4 


S.0334S 
8.15929 
1.44716 

S.59945 
8.03348 

1.56603 


Hairing  divided  the  triangle  into  two  right-angled  triangles,  the  hypote- 
nuses and  bases  of  which  are  given,  we  may  find  uie  angles  by  Theorem  I. 


To  find  the  angle  BAD. 
As  the  hypotenuse  AB  85 
Is  to  radius  90^ 
So  is  the  greater  seg.  AD  78,4 

To  co-sine  BAD=3l0  36' 


To  find  the  angle  BCD. 
Ab  the  hypotenuse  BC    57 
Is  to  radius  90^ 
So  is  the  lesser  seg.  DC  35,6 
1.98948 

10.00000  To  co-sine  of  BCD=51<^  81' 
1.85974  BAD=31    36 


9.93038 


1.75587 

10.00000 

1.55145 

9.79558 


Sum   88    57 
Sobtraet  from  180 


Remains  angle  ABC    97     3 


BY  GUNTER. 

Ist.  The  extent  from  the  base  AC =108,  to  the  sum  of  the  aides  14«,  on 
the  line  of  numbers,  wOl  reach  from  the  difference  of  the  sides  88,  to  twice 
DG  86.8  on  the  same  line  of  numbers. 

•  Sdly.  The  extent  from  the  hypotenuse  AB=85,  to  the  greater  segment 
AD  72.4,  on  the  line  of  numbers,  will  reach  on  the  sines  from  the  radius  90^ 
to  58^  24'  which  is  the  complement  of  the  angle  BAD. 

Sdly.  The  extent  from  the  hypotenuse  CB  57,  to  the  lesser  sepnent  DC 
55.6  on  the  line  of  niunbers,  will  reach  on  the  sines  from  the  radius  90^  to 
38^  39',  which  is  the  complement  of  the  angle  BCA. 

This  case  may  be  solved  without  dividing  the  triangle  into  two  right-an- 
gled triangles  by  Theorem  V. 


To  find  the  angle  A 
BC=57 

AB=85  log.co.  ar. 
AC=108   log.co.ari 


).O7058Ai 


Sum  850 
Half  sum  185  log. 

Half  sum  less  BC  68  log. 


8. 
7.96658 


2.0%91 
1.83851 


Half  sum  15<^  48' 


Doubled  is  31   36=angle  A. 


Haring  the  angle  A,  we  may  find  the  angle 
C  by  Theorem  n. 
BC  57  1.75587 

Is  to  sine  angle  A  31<^  36'  9.71938 

So  U  AB  85  1.98948 


11.64874. 
1.75587 


Sum)  19.96658  To  the  sine  of  angle  C  51°  23'         9.99287 
Co-sine        9.98389 
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ASTRONOMY  AND 'GEOGRAPHY. 

.  ASTRONOMY  is  the  science  which  treats  of  the  motions  and  distance? 
of  the  heavenly  bodies,  and  of  the  ^ppcafances  thence  arising. 

Geography  is  the  science  which  treats  of  the  situations  and  dktance's  of 
the  various  parts  of  the  surface  of  the  earth.  . 

The  common  opinion  of  astronomers  of  the  ^jresent  day  is,  that  the  uni- 
verse is  composed  of  an  infinite  number  of  systems  or  worlds;  that  in  every 
System  there  are  certain  bodies  moving  in  free  space^  and  revolving  at  differ- 
ent distances  round  a  sun,  placed  in  or  near  the  centre  of  the  system ;  and 
that  these  suns  and  other  bodies  are  the  stars  which  are  seen  in  the  heavens. 
•  The  Soi^AB  SrsTEK,  so  ca}led,  is  that  in  which  our  earth  is  placed,  and  in 
/WEhich  tiie  sun  b  supposed  to  be  fixed  near  (be  centre,  with  several  bodies, 
similar  to  our  eiartii,  revolving  round  at  different  distances.  This  hypothesis* 
lirhich.is  ftilly  confirmed  by  observation,  is  called  the  Copemican  System, 
from  Nicholas  Copernicus,  a  Polish  Philosopher,  who  revived  it  about  the 
year  1500,  after  it  had  been  buried  in  oblivion  many  ages. 
.  Stars  are  distinguished  into  two  kinds,  fisid  and  tDonderin^.  The  former 
$i:e  supposed  to  be  suns  in  the  centres  of  their  systems,  shining  with  their 
own  Ught,  and  preserving  n^rly  the  same  situation  with  respect  to  each 
other.  They  are  usually  distinguished  by  their  brightness,  the  largest  being 
called  of  the  first  magnitude^  and  the  smallest  vi«ibie  to  the  naked  eye  (Ming 
of  the  sixth  or  seventh  magnitudes.  K  Constellation  is  a  number  of  stars  lying 
in  the  neigbourhood  of  one  another  on  the  surfsi.ce  o^a  celestial  sphere,  which 
astronomers,  for  the  sake  of  remembering  with  greater  ease,  suppose  to  be  cir- 
cumscribed by  the  outlines  of  some  animal  or  other  figure.  The  wandering 
stars  are  those  bodies  within  our  system,  or  celestial  sphere,  which  revolve 
round  the  sun ;  they  appear  luminous  by  reflecting  the  light  of  the  sun,  and  are 
of  three  kinds,  namely  pTwuxn^vUxntU,  secondary  planets,  and  comeis. 

The  Primary  Planets  are  bodies  which  revolve  round  the  sun,  as  the  cen* 
tre  of  their  coui^s,  the  motions  being  regularly  performed  in  tracks  or  patlis 
(called  orbits)  that  are  nearly  circular  and  concentric  with  each  other.  A  5c- 
tottdary  Planet,  SaitUite,  or  Moon,  is  a  body  which,  while  it  is  carried  round 
the  sun,  revolves  also  round  a  primary  planet.  (Comets  are  a  sort  of  planets 
moving  round  the  sun  in  very  eccentric  orbits,  with  vast  atmospheres  about 
them,  and  tails  derived  from  the  same. 

.Ther^aife  eleven  primary  planets,  which,  reckoned  in  order  from  the  sun, 
are  as  follows :  Mercury,  Venus,  the  Earth,  Mars,  Vesta,  Juno,  Pallas,  Ceres* 
Jupiter^  Saturn,  and  Uranus. 

Mercury  and  Venus  are  called  inferior  pUmets,  because  theil'  ^rbtts  are 
within  die  earth's ;  the  others  are  called  superior  planets,  as  their  orbits  in- 
clude that  of  the  earth. 

The  Suif ,  the  first  and  greatest  object  of  astronomical  knowledge,  is  placed 
near  the  centre  of  the  orbits  of  all  the  planets,  and  turns  round  it3  axis  in  £5i 
.days;  its  diameter  is  883,000  English  miles,  and  its  mean  distance  from  the 
earth  95  millions  of  miles.  ' 

Mercury  is  the  least  of  aW  the  planets,  known  before  the  discovery  of  Vesta, 
Juno,  Pallas,  and  Ceres,  and  is  the  nearest  to'the  sun,  his  mean  distance  from 
that  luminary  being  S7  millions  of  miles.  His  periodic  revolution  in  his  orbit 
round  the  sun  is  performed  in  87  days  23  hours,  and  his  diameter  is  about  3200 
miles. 

Venus  is  the  brightest  of  all  the  planets.  Her  diameter  is  7687  miles;  her 
mean  distance  from  the  sun  68  millions  of  miles ;  and  her  periodic  revolution 
is  performed  in  224  days  17  hours.  When  this  planet  is  in  that  part  of  her 
orbii  which  b  west  of  the  sun,  she  rises  before  him  in  the  morning,and  is  called 
the  nmmng  star ;  when  she  is  in  the  eastern  part  of  her  orbit,  she  shmes  in 
the  evening,  after  he  sets,  and  is  called  the  evening  ktar. 

The  next  planet  is  the  EARTH,  the  diameter  of  which  is  7964  miles,  the 
distance  from  the  sun  95  millions  of  mile!(,  and  the  time  of  revolution  round 

uiyiuzeu  uy  ■^wJ  v^  v_y pt  iv^ 
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Yhe  sun  one  year.  The  earth  turns  round  its  axis  from  west  to  east  in  Sdh. 
.06m.  which  occaMons  the  apparent  diurnal  motion  of  the  sun  and  all  the 
heavenly  bodies  round  it  from  east  to  west  in  the  same  time,  and  is,  of 
course,  the  cause  of  their  rising  and  settuig,  of  day  and  night.  The  axis  of 
the  earth  is  inclined  about  iSP  28'  to  the  plane  of  its  orbit,^  and  keeps 
nearly  in  a  direction  parallel  to  itself,  throughout  its  annual  course,  which 
causes  the  return  of  spring  and  summer,  autumn  and  winter.  Thus  the 
diurnal  motion  gives  us  the  grateful  vicissitude  of  uigbt  and  day,  and  the  an- 
nual motion  the  regular  succession  of  the  seasons.  The  earth  is  attended  by 
a  satellite  called  the  Moon,  whose  diameter  is  2161  miles;  her  distance  from 
the  centre  of  the  earth  is  £40,000  miles:  she  goes  round  her  orbit  in  27  da^s 
8  hours;  but,  reckoning  from  change  to  change,  in  29^  day^.  Her  orbit  is 
inclined  to  the  ecliptic  in  an  angle  of  5^  9',  cutting  it  in  two  points  diametri- 
cally opposite  to  each  other,  called  her  nodes.  As  the  moon  shines  only  by 
the  reflected  light  of  the  sun,  she  must  appear  different  when  in  diflerent 
situations  with  respect  to  that  luminaiy.  When  she  is  in  conjunction  with 
the  sun,  her  dark  side  is  turned  towardis  the  earth,  which  renders  her  invisi- 
ble; this  is  called  neivmoon;  when  she  is  in  opposition,  her  light  side  is 
wholly  visible  from  the  earth;  this  is  called  fuU  moon. 

If  at  the  time  of  new  moon  she  is  near  to  eitner  of  her  nodes,  she  may  inter- 
cept a  part  of  the  sun^s  light,  and  thus  cause  an  eclipse  of  the  swi;  and  if  she 
is  near  either  of  her  nodes  at  the  time  of  full  moon,  she  majr  pass  into  the 
sliadow  of  the  earth,  and  cause  an  eelipte  of  the  moon.  In  a  similar  manner, 
when  the  mooa  ^-passes  between  an  observer  on  the  earth  and  a  star,  it  is 
called  an  Occtdtation  of  the  star.  The  instant  when  the  moon's  limb  first 
covers  the  star  is  called  the  Immertion,  and  the  moment  of  its  re-appearance 
is  called  the  Emtrsion.  When  Mercury  or  Venus  passes  between  the  sun 
and  an  observer,  and  appears  to  pass  over  the  sun's  disk,  it  is  called  a  T^anmt 
of  Mercuiy  or  Venus.  Eclipses,  Occnltations  and  Tranats,  are  of  great  im- 
portance m  ascertaining  the  loi^itucVs  of  places  on  the  earth.  Edipses  of 
the  moon  furnish  a  convincing  proof  of  the  rotir.rdity  of  the  earth,  since  the 
shadow  of  the  earth,  seen  upon  the  moon  when  eclipsed,  is  always  circular. 
This  is  farther  confirmed  by  the  appearance  of  objects  at  sea;  for  when  a 
ship  is  making  towards  the  land,  the  mariners  first  descry  the  tops  of  steeples, 
trees,  kc.  pointing  above  the  water;  the  lower  parts  being  hid,  by  reason  of 
the  curvature  of  the  earth. 

The  earth  is  not  a  perfect  globe  or  sphere,  but  is  a  little  flatted  at  the  poles, 
being  nearly  of  the  figure  of  an  oblate  spheriod,  the  equatorial  diameter  being 
about  26  miles  longer  than  the  polar :  but  since  this  difference  bears  but  a  small 
comparison  to  the  whole  diameter,  we  may,  for  all  the  practical  purposes  of 
navigation,  consider  the  earth  as  a  perfect  sphere,  as  will  be  done  in  the  rest 
of  tlus  work.    The  natural  divisions  of  the  earth  will  be  given  hereafter. 

Mars  is  the  next  planet  to  the  earth;  his  diameter  is  4189  miles,  his  dis-* 
tance  from  the  sun  144  millions  of  miles,  and  his  periodic  revolution  is  per- 
formed in  about  687  days.  He  rei'olves  round  his  axis  in  24  hours  40  mi- 
nutes, appearing  of  a  dusky  reddish  hue,  and  is  supposed  to  be  encon^>a88ed 
with  a  very  great  atmosphere. 

Between  Mars  and  Jiipitcr  are  situated  the  four  lately  discovered  planets, 
Vesta,  Juno,  Pallas,  aiid  Ceres,  named  Asteroids  by  Doctor  Herschel.    The 
elements  of  their  orbits  have  not  been  accurately  ascertained,  but  are  nearly . 
as  in  the  following  description. 

Vesta,  was  discovered  by  Doctor  Gibers  of  Bremen,  on  the  29th  of  March, 
1807.  Its  mean  distance  from  the  sun  is  about  205  millions  of  miles;  its 
periodic  revohition  is  performed  in  about  31-6  years. 

Juwo,  was  discovered  by  Mr*  Harding,  of  Lilienthal  (near  Bremen)  on  the 
first  of  September,  1804.  It  appears  like  a  star  of  the  eighth  magnitude. 
Its  distance  from  the  sun  is  about  255  millions  of  miles;  its  periodic  revolu- 
tion is  performed  in  1582  days.  The  inclination  of  its  orbit  to  the  ecliptic 
is  130  50'  and  the  eccentricity  of  the  orbitf  0.25. 

•  ThelndiBiaioo  decrcMet  at  pment  about  Sff'  in  lOO    y«ar»,bj  rraaon  of  Uie  aUraction  of  the  planeU 

on  tha  eaith.  It  is  alio  ■ffeeicd  by  tba  Vutatlon  glvea  in  TfebleluJII.  which  loinctlroet  amoanca  to  9'. 

t  In  tttiaaiipf  tlK  ccoeDtrkitlei  of  ibe  pkMC«> their  aieao  distaaee  fron  the  tun  It  put  equal  to  unity . 
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Pallas,  was  also  discovered  by  Dr.  Gibers,  March  28, 1 802.  Its  diameter, 
according  to  Doctor  Herschel,  is  only  110  miles ;  it  appears  like  a  star  of  the 
«ightii  magnitude.  Its  mean  distand^  from  the  sun  is  about  266  millions  of 
mnes.  Its  pedodic  revolution  is  performed  in  1683  days.  The  ihcUnation  of 
its  orbit  to  tne  ecliptic  is  34°  39'  and  the  eccentricity  of  the  orbit  0.2468. 

Ce&es,  was  discovered  by  Mr.  Piazzi  of  Palermo  on  the  first  of  January, 
1801.  Its  diameter,  according  to  Dr.  Herschel,  is  only  1 60  miles.  -It  appears 
like  a  star  of  the  seventh  or  eighth  magnitude.  Its  distance  from  the  sun  is 
^about  266  millions  of  miles,  and  its  periodic  revolution  is  performed  in  1683 
days,  being  at  nearly  the  same  distarfcefrom  the  sun  as  Pallas.  The  inclina- 
tion of  the  orbit  of  Ceres  to  the  ecliptic  is  10^  37'  and  the  eccentrici^  0,097. 
The  situations  of  the  nodes  of  the  two  planets  Ceres  and  Pallas,  and  the  in- 
clinations of  their  orbits,  are  very  different  from  each  other,  sp  that  when  those 
planets  are  in  the  same  plane,  they  are  at  a  great  distance  from  each  other,  not- 
withstanding their  mean  distances  from  the  sun  are  nearly  equal.  It  has  been 
supposed  b)r  some,  that  these  small  bodies  are  fragments  of  a  former  planet. 

Jupiter  is  situated  still  higher  in  the  system^  and  is  the  largest  of  all  th« 

Slanets,  being  easily  distinguished  from- them  by  his  peculiar  magnitude  and 
ght  His  diameter  is  89,170  miles,  his  distance  fix)m  the  sun  490  millions 
of  miles,  and  the  time  of  his  periodic  revolution  is  4332|  days.  Though 
Jupiter  is  the  largest  of  all  the  planets,  yet  his  diurnal  revolution  is  the 
swiftest,  being  only  9  hours  and  56  minutes. 

Jupiter  is  attended  by  four  satellites,  invisible  to  the  naked  eye,  but  throdgh 
a  telescope  they  make  a  beautiful  appearance.  In  speaking  of  them,  we  dis- 
tinguish them  according  to  thdr  places,  ipto  the  first,  second,  and  so  on ;  by 
the  first  we  mean  that  which  is  nearest  to  the  planet .  The  appearance  of  these 
satellites  is  marked  in  the  Xllth.  page  of  the  Nautical  Almanac,  for  some  par- 
ticular hour  of  the  night;  the  times  when  Hiey  are  eclipsed,  by  passing  into 
the  shadow  of  Jupiter,  are  also  given  in  the  Nautical  Almanac ;  these  eclipses 
are  of  considerable  u%e  in  determining  the  longitudes  of  places  on  the  earth. 

Before  the  discovery  of  Uie  planet  Uranus,  Saturit  was  reckoned  the 
most  remote  planet  of  our  system.  He  shines  with  but  a  pale  and  feeble 
light  His  diameter  is  79,042  miles,  his  distance  from  the  sun  900  millions 
of  miles,  and  his  periodic  revolution  in  his  orbit  is  performed  in  about  29 
years  167  days.  This  planet  is  surroimded  with  a  broad  fiat  ring,  has  a>diur- 
nal  revolution  round  its  axis,  and  is'^attended  by  seven  satellites. 

By  some  observations  made  by  Dr.  Herschel,  it  appeared  that  the  largest 
diameter  of  Saturn  corresponds  to  the  latitude  of  45^,  but  from  later  obser- 
vations he  has  been  induced  to  believe,  that  this  irregularity  is  owing  to  an 
optical  deception,  arising  from  the  refraction  of  the  light  in  passing  through 
the  atmosphere  of  the  ring. 

Uranus,  Herschel,  or  Georgium  Sidus,  is  the  most  remote  planet  of  our 
system.  It  was  discovered  in  the  year  1781,  by  Dr.  Herschel,  though  it  had 
been  seen  several  times,  but  had  been  considered  as  a  fixed  star.  Its  mameter 
is  35,109  miles,  its  distance  from  the  sun  1800  millions  of  miles,  and  its  pe- 
riodic revolution  in  its  orbit  is  performed  in  83^  years.  Dr.  Herschel  has 
also  discovered  six  satellites  attending  this  planet. 

The  astronomy  of  comets  is  yet  in  its  iftfancy.  The  return  of  one  of 
them  in  the  year  1758  was  foretold  by  Dr.  Halley,  and  it  happened  nearly 
^  he  predicted.  He  also  foretold  the  return  of  another  in  the  year  1790, 
but  it  never  appeared*  This  was  owing  to  the  inaccuracy  of  the  observa- 
tions of  the  comet  at  its  former  appearance ;  for  Mr.  Mechain,  having  col- 
lected all  the  observations,  and  calculated  the  orbit  again,  found  it  to  differ 
essentially  from  that  determined  by  Dr.  Halley.  Olber's  comet,  wliich  ap- 
peared In  1815,  has  a  revolution  of  72  years;  and  Encke's  comet,  which  has 
l>een  observed  in  several  successive  approaches  to  the  perihelion,  completes 
its  revolution  in  the  short  period  of  1204  days. 

Comets  move  round  the  sun  in  all  directions,  but  the  planets  and  satellites, 
except  one  of  the  satellites  of  Uranus,  move  from  west  to  east  when  seen 
from  the  smi ;  but  if  viewed  from  any  other  of  the  planets,  as  the  earth,  they 
would  q>pear  to  revolve  round  it  as  a  centre;  but  the  sun  would  be  the  only 
one  that  moved  uniformly  the  same  way,  for  the  other  planets  would  some- 
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tides  appear  to  move  from  west  to  east,  and  then  to  s^d  still;  then  they 
would  seem  to  move  from  east  to  west;  and  after  standing  some  time,  they 
would  again  move  from  west  to  east;  and  so  on  continually.  The  motion 
of  a  planet  from  west  to  east  is  called  the  dtrtct  motion,  or  according  to  Me 
order  of  the  fignt.  The  contrary  motion  from  east  to  west,  is  called  rttrograde. 
When  the  planet  appears  to  stand  still,  it  is  said  to  be  stationary. 

To  illustrate  what  has  already  been  said  relative  to  the  motions  and  dis- 
tances of  the  planets  and  satellites,  we  have  given  the  adjoining  Plates  III. 
and  IV.  which  require  no  explanation. 

In  noting  the  situations  of  the  stars  and  planets,  astronomers  have  been 
under  the  necessity  of  imagining  various  lines  and  circles  on  the  sphere ;  and 
geographers  have  done  the  same  for  fixing  the  situation  of  places  on  the 
earSi.    The  most  remarkable  of  these  are  the  following. 

A  great  drcU  is  that  whose  plane  passes  through  the  centre  of  the  sphere; 
and  a  small  circle  is  that  whose  plane  does  not  pass  through  that  centre. 

A  diameter  of  a  sphere,  perpendicular  to  any  great  circle,  is  called  the  axis 
of  tiiat  circle ;  and  the  extremities  of  a  diameter  are  called  its  poUs,  Hence 
the  pole  of  a  great  circle  is  90^  from  every  point  of  it  upon  the  surface  of 
the  sphere;  but  as  the  axis  is  perpendicular  to  the  circle  when  it  is  perpen- 
dicular to  any  two  ra^i,  a  j^oint  on  the  surface  of  a  sphere  90^  distant  from, 
any  two  -points  of  a  great  circle  will  be  the  pole. 

All  angular  distances  on  the  surface  of  a  sphere,  io  an  eye  at  the  centre, 
are  measured  by  arcs  oi  great  circles.  Hence  all  triangles  formed  upon  the 
surface  of  a  sphere,  for  the  solution  of  spherical  problems,  must  be  formed 
by  the  arcs  of  great  circles. 

Secondaries  to  a  great  circle  are  peat  circles  which  pass  through  its  poles, 
and  consequently  must  be  perpendicular  to  their  great  circles. 

The  ans  of  the  earth  is  that  diameter  about  which  it  performs  its  diurnal 
motion ;  and  the  extremities  of  this  diameter  are  called  the  poles. 

The  terrestrial  equator  is  a  groat  circle  of  the  earth  perpendicular  to  its 
axis.  Hence  the  axis  and  poles  of  the  earth  are  the  axis  and  poles  of  its 
eauator.  That  half  of  the  earth  which  lies  on  the  side  of  the  equator,  in 
wnich  Europe  and  the  United  States  of  America  are  situated,  is  called  the 
norHum  hemisphere^  and  the  other  the  southern;  and  the  poles  are  respec- 
tively called  the  north  and  south  poles. 

The  latitude  of  a  place  upon  the  earth*s  surface  is  its  angular  distance  from 
the  equator,  measured  upon  a  secondary  to  it.  These  secondaries  t»  the 
equator  are  called  meridians. 

The  longitude  of  a  place  on  the  earth*s  surface  is  an  arc  of  the  equator  in- 
tercepted between  the  meridian  passing  through  the  place,  and  another,  called 
the  first  meridian,  passing  through  that  place  from  which  you  begin  to  mea- 
sure, or  it  is  the  angle  formed  at  the  pole  by  these  two  meridians.  The  Ame- 
ricans and  English  generally  place  the  first  meridian  at  London  or  Greenwich, 
the  French  place  it  at  Paris,  the  Spaniards  at  Cadiz ;  some  Geographers  place 
it  at  Teneriiie,  and  others  at  other  places.  Throughout  this  work  Greenwich 
will  be  reckoned  as  the  first  meridian.  The  longitude  is  counted  from  the 
first  meridian,  both  eastward  and  westward,  till  it  meets  at  the  same  meridian 
on  the  opposite  point;  therefore  the  longitude  (and  also  the  difierence  of 
longitude  between  any  two  places)  can  never  exceed  180^. 

If  the  plane  of  the  terrestrial  equator  be  produced  to  the  sphere  of  the 
fixed  stars,  it  marks  out  a  circle  called  the  celestial  equator ;  and  if  the  axis 
of  the  earth  be  produced  in  like  manner,  the  points  or  the  heavens,  to  which 
it  is  produced,  are  called  poles,  being  the  poks  of  the  celestial  equator.  The 
6tar  nearest  to  each  pole  is  called  the  pole  star. 

Secondaries  to  the  celestial  equator  are  called  circles  of  declination;  of 
these  24,  which  divide  the  equator  into  equal  parts,  each  containing  15^,  are 
called  hour  circles. 

Small  circles  parallel  to  the  celestial  equator  are  called  parallels  of  decli- 
nation. 

The  sensible  horizon  is  that  circle  in  the  heavens  whose  plane  touches  the 
earth  at  the  spectator.  The  rational  horizon  is  a  great  circle  in  the  heavens, 
passing  through  the  earth's  centre,  parallel  to  the  sensible  horizon. 
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If  the  radius  drawn  from  the  centre  of  the  earth  to  the  place  where  the 
spectator  stands  be  produced  both  ways  to  the  heavens,  the  point  vertical 
to  him  is  called  the  xenith,  and  the  pomt  opposite,  the  nadh.  Hence  the 
zenith  and  nadit  are  the  poles  of  the  rational  horizon. 

Secondaries  to  the  horizon  are  called  verft'co/ circles,  because  thiejare  per- 
pendicular to  the  horizon.  On  these  circles,  therefore,  the  altitude '  of  a 
heavenly  body  is  measured. 

The  secondary  common  to  the  celestial  equator,  and  the  horizon  of  any 
fdace,  is  the  celestial  meridian  of  that  place.  This  meridian  corresponds  with 
the  terrestrial  meridian  of  the  same  place,  which  passes  through  the  poles  of 
the  earth,  the  zenith  and  nadir  crossing  the  equator  at  right  angles,  and  cutting 
the  horizon  in  the  north  and  south  points ;  that  point  bemg  called  norf^  which 
passes  through  the  north  pole,  and  the  opposite  direction  is  called  south.  The 
vertical  circle  which  cuts  the  meridian  of  any  place  at  right  angles  is  called  the 
prime  vertical;  the  points  where  it  cuts  the  horizon  are  called  the  east  and 
itest  points,  and  to  an  observer,  with  his  face  directed  towards  the  south,  the 
east  point  will  be  to  his  left  hand,  and  the  west  to  his  right  hand.  Hence  the 
east  and  west  points  are  90^  distant  from  the  north  and  south.  These  four 
are  called  the  cardinal  points.  The  meridian  of  any  place  divides  the  heavens 
into  two  hemispheres  lying  to  the  east  and  west;  that  lying  to  the  east  is  called 
the  eastern  hemisphere,  and  the  other  the  western  hemisphere.  When  the  sun 
is  at  its  greatest  altitude  on  the  meridian  of  any  place,  it  is  noon  or  mid-day. 

The  azimuth  of  an  heavenly  body  is  its  distance  on  the  horizon,  when  re- 
ferred to  it  by  a  secondary,  from  the  north  or  south  points.  The  amplitude 
is  its  distance  from  the  east  or  west  points,  at  the  time  of  rising  or  setting. 
,  Th^  eclwiic  is  that  great  circle  in  me  heavens  which  the  sun  appears  to  de- 
scribe in  the  course  of  a  year.  The  ecliptic  and  equator,  being  great  circles, 
must  bisect  each  other,  and  their  angle  of  inclination  is  called  the  obliquity  of 
the  ecliptic ;  and  the  points  where  they  intersect  are  called  the  equtnocticd 
points.  The  times  wnen  the  sun  comes  to  these  points  are  called  the  equi- 
noxes* The  ecliptic  is  divided  into  1ft  equal  parts,  called  signs ; — ^viz.  Aries  T, 
Taurus  8,  Gemini  n.  Cancer  fo,  Leo  SI,  Virgo  nj.  Libra  :£^=,  Scoipio  iHy 
Sagittarius  f,  Capricomus  V3,  Aquarius  rs,  Pisces  )£.  The  order  of  these 
is  according  to  tiie  apparent  motion  of  the  sun.  The  first  point  of  Aries 
coincides  with  one  of  the  equinoctial  points,  and  the  first  point  of  Libra  with 
the  other.  The  first  six  si^s  are  called  northern,  lying  on  the  north  side  of 
the  oquator ;  and  the  last  six  are  called  southern,  lying  on  the  south  side. 

The  zodiac  is  a  space  extending  eight  degrees  on  each  side  the  ecliptic, 
within  which  the  motion  of  all  tne  planets  is  contained,  except  the  newly 
discovered  planets. 

The  right  asccTision  of  a  body  is  an  arc  of  the  equator  intercepted  between 
the  first  point  of  Aries  and  a  circle  of  declination  passing  through  the  body, 
measured  according  to  the  order  of  the  signs. 

Right  ascension  of  the  meridian  or  mid-heaven,  is  the  distance  of  the  meri- 
dian, from  the  first  point  of  Aries,  and  is  found  by  adding  the  apparent  time 
past  noon,  to  the  sun^s  right  ascension. 

The  ascensional  difference  of  any  object  is  the  difference  between  the  right 
ascension  of  the  object  and  that  point  of  the  ecj^uator  which  rises  or  sets  with  it. 

The  declination  of  a  star  or  any  celestial  object  is  its  angular  distance  from 
the  equator,  measured  upon  a  secondary  to  it  passing  through  the  object. 

The  longitude  of  a  star  or  any  celestial  object  is  an  arc  of  the  ecliptic  inter- 
cepted between  the  first  point  for  Aries  and  a  secondary  to  the  ecliptic  passing 
through  the  body,  measured  according  to  the  order  of  the  signs.— If  the  ob- 
server be  on  the  earth,  the  longitude  is  called  the  geocentric  longitude ;  but  if 
seen  from  the  sun  it  is  called  the  heliocentric  longitude ;  tiie  body  in  each  case 
being  referred  perpendicularly  to  the  ecliptic  in  a  plane  passing  tiirough  the  eye. 

Nonagesimal  degree  of  the  ecliptic  is  its  hignest  point  at  any  given  time, 
and  is  90^  from  the  points  where  the  ecliptic  intersects  the  horizon. 

The  latitude  of  a  star  or  any  celestial  object  is  its  angular  distance  from 
the  ecliptic,  -joiiiftBured  u^n  a  secondary  to  it  drawn  through  the  body.— If 
the  body  be  observed  from  the  earth,  its  angular  distance  from  the  ecliptic  is 
called  the  geocentric  latitude;  but  if  observed  from  the  sun  it  is  calhed  the 
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htHoctntric  latitude.  The  secondary  circle  drawn  perpendicular  to  Uic  eclip- 
tic is  called  a  circle  of  latitude.    * 

The  tnpics  are  two  parallels  of  declination  touching  tlie  ecliptic.  One, 
touching  it  at  the  beginj^ing  of  cancer,  is  called  the  tropic  of  cancer ;  and  tlio. 
othier,  touching  it  at  the  beginning  of  Capricorn,  is  called  the  tropic  ofcopri- 
com.  The  two  points,  where  the  tropics  cut  the  ecliptic,  are  called  the 
solstitial  points. 

Colures  are  two  secondaries  to  the  celestial  equator,  one  passing  throuji;]i 
the  equinoctial  points^  called  the  equinoctial  colure ;  and  tlie  other  pasMin*; 
through  the  solstitial  points,  are  called  the  solstiiial  colure.  The  times  whcTl 
the  sun  comes  to  tlie  solstitial  points  are  called  th^  Bolstices.  « 

Aberration  of  a  star  or  any  heavenly  body-,  is  a  small  apparent  motion,  oc- 
casioned by  the  progressive  velocity  of  light.  This  is  calculated  l)y  means 
of  Tables  XXXTX.  XLI.  or  XLII. 

AtiCtitioft  IS  a  small  apparent  motion  of  the  heavenly  bodies,  occasioneci 
by  a  real  motion  of  the  earth's  axis,  arising  from  the  attractions  of  the  sun 
and  nKM>D  on  the  spheroidal  form  of  the  earth.  The  effect  of  this  on  the 
right  ascension  ana  declination  is  given  in  Table  XLIII.  and  on  the  longitude 
in  Table  XL*.  The  correction  in  this  last  Table  being  generally  call^  the 
equation  of  the  eqUinoxes  in  longitude. 

Precession  of  tht  equinoctial  points  is  a  small  motion  of  about  504''  P<'r 
year,  occasioned  by  the  same  cause  as  the  nutation.  By  this  motion  tlie 
equinoctiaJ  points  are  carried  backward  from  cast  to  west;  consequently,  the 
heavenly  bcNfies  appear  to  move  forward  the  same  quantity  from  west  to 
east.  The  annual  variations  of  the  places  of  the  stars  from  precession,  and 
the  secular  equations  arising  from  the  change  of  the  earth's  orbit  by  the 
attraction  of  the  planets,  are  given  in  Tables  VIII.  and  XXXVII. 

The  arctic  and  antarctic  circles  are  two  parallels  of  declination,  the  fonner 
abotzt  the  north,  and  the  latter  about  the  south  pole,  the  distance  of  which 
from  the  two  poles  is  equal  to  the  distance  of  the  tropics  from  the  equator, 
which  is  about  tSP  £8'.  These  are  also  called  polar  circles.  The  two  tropics 
and  two  polar  circles,  when  referred  to  the  earth,  divide  it  into  five  parts, 
called  lones ;  the  two  parts  within  the  polar  circles  are  called  the  /rtgt(£ 
zones;  the  two  parts  between  the  polar  circles  and  tropics  are  called  the 
UmpmiU  zones ;  and  the  part  between  the  tropics  is  called  the  torrid  zone. 

Besides  the  imaginary  divisions  of  the  earth,  there  are  various  natural  divi- 
sions of  its  surface,  formed  by  nature,  such  as  continents,  oceans,  islands, 
seas,  rivers,  &lc. 

A  Continent  id  a  large  tract  of  land,  wherein  are  several  empires,  kingdoms, 
and  countries  conjoinedr-as  Europe,  Asia,  Africa,  and  America. 

An  Iskmd  is  a  part  of  the  earth  that  is  environed  or  encompassed  round 
by  the  sea,  as  Long  Island,  Block  Island,  &.c. 

A  Peninsula  is  a  portion  of  land  almost  surrounded  with  water,  save  one 
narrow  neck  which  joins  it  to  the  continent,  as  the  Morea. 

An  Isthmus  is  a  narrow  neck  of  land  joining  a  peninsula  to  the  adjacent  land," 
by  which  the  people  may  pass  from  one  to  the  other,  as  the  isthmus  of  Darien. 

A  PromonUiTy  is  a  high  part  of  land  stretching  itself  into  the  sea,  the  ex- 
tremity of  whidi*is  called  a  Cape  or  Headland. 

A  Mountain  is  a  rising  part  ofr  dry  land,  over-topping  the  adjacent  coun- 
try, and  appearing  first  at  a  distance. 

An  Ocean  is  a  vast  coUection  of  water,  separating  continents  from  one  ano- 
ther, and  washing  their  borders  or  shores,  as  the  Atlantic  and  Pacific  Oceans. 

A  Sea  is  part  of  the  ocean,  to  which  we  must  sail  through  some  strait,  as 
the  Mediterranean  and  Baltic  seas.  This  term  is  sometimes  used  for  the 
whole  body  of  salt  water  on  the  globe. 

A  Strait  is  a  narrow  part  of  the  ocean  lying  between  two  shores,  and  open- 
ing a  way  into  some  sea,  as  the  Straits  of  Gibraltar  that  i^d  into  the  Medi- 
terranean Sea. 

A  Creek  is  a  small  narrow  part  of  the  sea  or  river,  that  goes  up  but  a  little 
'^ay  hjto  the  land.  . 
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A  Bay  is  a  great  inlet  of  the  land,  as  the  Bay  of  Biscay,  and  the  Bay  of 
Mexico  ;  otherwise  a  hay  is  a  station  or  road  for  ships  to  anchor  in. 

A  River  is  a  considerable  stream  of  water  issuing  out  of  one  or  Tariousr 
snrings,  and  continually  gliding  along  in  one  or  more  channels,  till  it  dis- 
cnarges  itself  into  the  ocean :  the  lesser  streams  are  called  rivulets. 

A  Lake  is  a  large  collection  of  waters  in  an  inland  place,  as  the  lakes  Su- 
perior and  Huron  in  America. 

A  Gulf  is  a  part  of  the  ocean  or  sea,  nearly  surrounded  by  the  land,  except 
where  it  communicates  with  the  sea,  as  the  Gulf  of  Venice. 

Thus  we  have  given  the  most  useful  definitions  of  Astronomy  aad  Geogra- 
phy, and  to  assist  the  learner  there  is  also  given  Plate  V.  in  which  those  terms 
are  explained  at  one  view.  We  may  farther  observe,  that  as  the  latitude 
of  any  place  upon  the  earth  is  counted  from  the  equator  upon  an  arch  of  the 
meridian,  the  difference  of  latitude  between  two  places,  both  north,  or  both 
south,  is  found  by  subtracting  the  Uss  latUude  fiom  the  greater ;  btU  if  one 
latitude  be  norths  cmd  tlie  other  soiUh^  the  difference  is  found  by  adding  both 
latitudes  together. 

1.  Consequently,  if  a  ship  in  north  latitude  sails  northerly,  or  in  south  lati- 
fudc  southerly,  she  increases  her  latitude ;  but  in  north  latitude  sailing  south- 
erly, or  in  south  latitude  sailing  northerly,  she  decreases  her  latitude,  because 
she  sails  nearer  to  the  equator,  from  whence  the  latitude  is  reckoned. 

2.  Wherefore,  in  north  latitude  sailing  northerly^  or  in  south  latitude  saiUng 
southerly,  the.  difference  of  latitude,  addeato  the  latitude  left,  gives  the  latitude  in> 

9.  In  north  latitude  sailing  southerly,  or  in  south  latitude  sailing  northerly^ 
the  difference  of  latitude,  subtracted  from  the  latitude  left,  gives  the  Sititude  in. 

4.  When  the  latitttde  decreases,  and  the  difference  of  latitude  is  greater  than 
the  latitude  sailed  from,  subtract  the  latitude  left  from  the  difference  of  latitude, 
and  the  remainder  wiU  be  the  latitude  in,  but  of  a  different  name,  for  tt  is  evident 
in  this  case,  that  the  ship  has  crossed  the  equator. 

5.  The  difference  of  longitude  between  two  places,  being  both  east  or  west, 
is  found  ^by  mibtracting  the  less  longitude  from  the  greater;  but  if  one  be  in 
east  longitude  <md  the  other  in  toest,  their  sum  is  the  difference  of  longitude, 
wlien  it  does  not  exceed  1800,  f^it  if  it  exceeds  180^,  that  sum  must  be  subtracted 
from  S60°,  and  the  remainder  wiU  be  the  difference  of  longitude. 

6.  Therefore  in  east  longitude  sailing  easterly,  or  in  west  longitude  sailing 
rpesterly,  the  difference  of  longitude  added  to  the  longitude  left,  gives  the  longi- 
tude in,  when  that  sum  does  not  exceed  180^;  but  if  it  exceeds  180<^,  uie 
sum,  subtracted*  from  960^,  leaves  tiie  longitude  in,  but  of  a  different  name 
from  tha^  left. 

7.  In  east  longitude  sailing  westerly,  or  in  tvest  longitude  sailing  easterly,  the 
difference  of  longitude,  subtracted  from  the  longitude  left,  pves  the  longitude  in; 
but  when  the  difference  of  longitude  is  greatest,  the  longitude  left  must  be  sub- 
tracted from  that  difference,  and  the  remainder  will  be  the  longitude  in,  but  of  a 
different  ndmefrom  the  longitude  left. 

What  has  been  said  will  be  rendered  familiar  to  the  learner  by  the  foDowing 
examples. 

Exam.  I.    What  is  the  difference  of  latitude 

l)etweeQ  Boston,  in  the  latitude  of  42^  23' 

N.  and  Richmond  (Viiginia)  in  the  lat 

ofSTOSC/N.? 
From  Boston's  lat  43°  23'  N. 

Subtract  Richmond's  lat  37    30  N. 

Remains  the  diff.  of  lat  4    53 

60 

In  Miles  293 

•  In  thU  rule  U  i<  supposed,  tbat  the  sum  of  the  longitude  leA,  and  the  dUTcrence  of  longttnde,  is  less 
than  380*,  which  Is  ahntfs  the  case  when  the  ctffferenee  of  kmeltude  is  less  than  180«,  which  we  hate 
generaUy  supposed  to  be  the  ease  in  these  rales. 


Exam.  11.  A  ship  from  latitude  59^  87'  S. 
siuls  southward  until  her  difierenee  of 
lati|ude  is  374  miles ;  what  latitude  is  she 
come*  to  ? 

Latitude  sailed  firom  59P  VP  S. 

Diff.  of  lat  374-r6e=  6    14  S. 


Lat  in  65    41  S. 
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Ex.  III.    Required  the  difierence  of  latitude 

between  Georgetown  and  Cape  Frio  ? 
riMjrgctown'a  lat.  33°  85'  N. 

Cape  Frio^  lat  23      1   S. 


DifCoflat 


96  24 
60 


Ex.  IV.     A  ship  from  latitude  28^  25'  N*. 

sails  south  1800  miles ;  what  latitude  is 

she  in  ? 
From  diff.  of  lat  ISOO  miles,  or  30°  00'  S. 
Sub.  lat.  left  23    25  N. 


DiC  =  lat.  in 


1     35  S. 


Inmiles  3384 

In  the  last  example  it  is  evident  that  as  the  difference  of  latitude  is  more 
than  the  latitude  left,  the  ship  must  have  crossed  the  equator,  and-conse- 
(juently  come  into  south  latitude. 

Note.  When  one  of  the  places  has  no  latitude,  or  is  on  the  equator,  the 
latitude  of  the  other  place  is  their  difference  of  latitude. 

£x.  y.  What  is  the  difference  of  longitude 
between  Cape  Ann  light>house  and  Lis- 
bon? 

Cape  Ann  ligfat-houae's  long.    70^  34'  W. 

Lisbon's  long.  9      9  W. 


Diff.  of  long. 


Ex.  VL  A  ship  from  Cape  Charles,  in 
Virginia,  sails  eastward  till  her  diffcrencB 
of  longitude  is  400  miles ;  what  longitude 
is  she  in  ? 

Cape  Charles'  lon^, 

Diff.  of  long.  400  miles  = 


76°  04'  W. 
6    40  £. 


Long,  in 


69    24  W. 


61    25 
60 

In  Biiln  3685 

£x.  VIL    What  is  the  difference  of  longi- 

tode  between  Bareelona  and  Salem  7 
Barcelona's  long.  .  2^  12'  £. 

Salem's  long.  70    52  W. 

DMT.  of  long.  73      4  W. 

£x.  IX.    What  is  the  difference  of  longi- 

tode  between  Manilla   and    New- York 

ligfat-house? 
Mantua's  long.  l^l^  02'  E. 

New.Yoiklight>house  74    01  W. 

Sum  exceeds  180<^  195    03 

Subtract  it  from  360    00 

Diffoflong.  164    57  Long,  in  15S    20  £. 

in  the  last  example  the  ship  has  crossed  the  opposite  meridian,  and  tlirre- 
fore  has  come  into  a  longitude  of  a  different  namt;. 


Ex.  VIII.  A  ship  from  15^  40'  E.  long, 
sails  westward  till  her  diff.  of  long,  is 
27^  15',  what  longitude  is  she  in? 

Long,  left  •  15^^  40'  E. 

Diff.  of  long.  27    15  W. 

Long,  in  11    35  W. 

Ex.  X.  A  ship  from  longitude  160°  20'  W. 
sails  westward  until  she  differs  her  longi- 
tude 41"^  20' ;  what  longitude  is  she  in  ? 

Long,  left  160^  20'  W. 

Diff.  of  long.  ,  41     20  W. 

201     40 
360    00 


PLANE  SAHJNG. 

PLANE  SAILING  is  the  art  of  navigating  a  ship  upon  principles  dcduccTd 
from  the  supposition  of  the  earth*3  being  an  extended  plane,  on  which  the 
meridians  are  all  parallel  to  each  other.*  A  map  of  the  several  parts  o£  the 
earth,  constructed  upon  these  principles,  is  called  a  Plane  Chart.  When 
tbe  parts  of  the  earth  are  thus  delineated  on  a  plane,  it  is  easy  to  see  the  track 
I7  which  a  ahip  may  go  from  one  place  to  another,  and  also  what  angle  tliis 
tiack  makes  with  the  meridian.f  Ships  at  sea  are  kept  in  this  track  hy  means 
of  an  instrument  called  the  mariner's  compass.  , 

The  Marjiver's  Compass  is  an  artificial  representation  of  the  horizon  of  any 
P^ace.  It  consists  of  a  circular  piece  of  paper  (see  Plate  VL  fig.  1)  culled  a 
card,  divided  (like  the  horizon)  into  360  degrees  or  3S  points.  This  is  fixed  on 
a  piece  of  steel,  called  a  needle,  to  which  the  magnetic  virtue  has  been  com- 
municated by  means  of  a  loadstone,  which  has  the  property  of  pointing  steadjiy 
towards  the  north,  and  carrying  the  card  with  it,  when  turning  freely  on 
&  pivot  or  any  thing  to  support  it.    Thus  all  the  pointo  of  the  card  will  be 

*  The  explaiiBtiom  of  Plane  Sailing,  wnd  Uie  deflnitioos  of  this  p«fe  (and  io  the  former  ediUunii  of  ibis 
vark)ai«  acally  the  tame  a»  Oiow  given  bjr  Moore,  in  Ui  Practical  Navigator;  by  Robertson  in  Us 

52?""  ^  HaTigation,  and  Sy  most  writers  on  Navigation. 

t  Ite  mechod  of  calculacinfftlils  anek  on  the  true  priBci|ries  of  sailing  on  the  tpberical  sorfifce  of  U« 
«rlli,%iUbeglTeahtrfan«»r  "^      "^  Zooalp 
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directed  towards  their  corresponding  points  of  the  horizon,*  consequently,  Uy 
ht'Ip  of  the  compass  a  ship  may  be  kept  in  any  proposed  track  or  course- 

The^ Course  isjKe  angle  which  the  line  described  by  a  ship  makes  with 
tiie  meridian,  being  sometimes  reckoned  in  points,  balf  points,  &.c.  and 
sometimes  in.  dejj;rees. 

DiSTAivGE  is  the  way  or  length  a  ship  has  gone  on  a  direct  course  in  a 
fciven  time.  Tlie  method  of  measuring  this  distance  by  the  log  will  be  ex- 
i»Iaincd  hereafter. 

DiFFERK.vcK  OF  LATITUDE  is  the  distance  which  the  ship  has  ma^e  north 
or  south  of  (he  place  sailed  from,  or  the  portion  of  the  meridian  contained 
between  the  parallels  of  latitude  sailed  from  and  come  to. 

Departure  is  the  east  or  west  distance  a  ship  has  made  from  the  meri- 
dian, or  the  whole  easting  or  westing  made  by  the  ship. 

If  a  ship  sails  due  north  or  south,  she  sails  on  a  meridian,  makes  no  de- 
parture, and  her  distance  and  difference  of  latitude  are  the  same.  If  sKc 
sails  due  east  or  west,  she  goes  on  a  parallel  of  latitude,  makes  no  difference 
of  latitude,  and  her  departure  and  distance  ^re  the  same. 

The  difference  of  latitude  and  departure  make  the  legs  of  a  right-angled 
triangle,  the  hypotenuse  of  which  is  the  distance  the  ship  has  sailed ;  the  per- 
pendicular is  the  difference  of  latitude  counted  on  the  meridian;  the  base  is 
the  departure,  which  is  easting  or  westing  counted  from  the  meridian ;  the 
angle  opposite  to  the  base  is  the  com-se,  or  angle,  that  the  ship  makes  with  the 
meridian ;  and  the  angle  opposite  tlie  perpendicular  is  the  complement  of  the 
course,  which  being  taken  together,  make  always  8  points  or  90  degrees. 

In  constructing  figures  relating  to  a  ship's  course,  let«the  upper  part  of  the 

paper,  or  what  the  figure  is  drawn  upon,  always  represent  the  north ;  the 

^  lower  part  will  be  the  aouth ;  the 

right  hand  east,  and  the  leil  west. 


Draw  the  north  and  south  line 
to  represent  the  meridian  of  the 
place  the  ship  sails  from ;  then,  if 
the  ship^s  course  is  to  the  south- 
ward, niaik  the  upper  end  of  the 
line  for  the  place  sailed  from ;  but 
if  the  course  is  northward,  mark 
the  lower  end  for  that  place. 

Wlicn  the  course  is  easterly, 
describe  the  arch,  and  lay  off  the 
i:ourse  and  departure  on  the  right 
hand  side  of  the  meridian ;  but 
when  westerly,  on  left  hand  side. 

When  the  course  is  given  in  de- 
grees, they  must  be  taken  from 
the  line  of  chords ;  but  when  in 
poii)ts,  iVom  the  line  of  rhumbs, 
and  must  always  be  laid  off  upon 
th^  arch,  beginning  at  the  meri- 
dian. 

When  the  course  is  given  in 
poiots,  the  Iog-«ine,  log.  co-sine, 
&c.  may  be  found  in  Table  XXV 
otherwise  m  Table  XXVII. 

In  all  cases,  where  the  comple- 
ment of  course,  or  co-sine,  &c.  is 
» used,' the  degrees  or  points  put 
4own,  are  the  course  itself,  but  the 
logarithms  belonging  to-tbe  com- 
plement  or  co-sine,  &c.  of  that 
course  are  taken. 


4^  Tabu  of  the  JingUa  toMch  every  Point  of  the  CompcLsa 
makes  with  the  Meridiai. 


North. 


N.  bv  E. 


N.  N.  E. 


N.E.byN, 


S.E.byS. 


N.  E. 


N.E.byE. 


E.  N.  E. 


E.  by  N. 


South. 


S.  by  E. 


S.  S.  E. 


S.  E. 


S.E.byE. 


E.  S.  E. 


E.  by  S. 


East. 


Pomu  D.  M.     JNorth.       South, 


H 


65 


«.49 

5.37 

8.26 

11.15 


14.  4 
16.52 
19.41 
22.30 


25.19 
2S.  7 
30.56 

33.45  NW.byN. 


36.34 
39.22 
42.11 

45.  01 


47.49 

50.37 

53.26 

6.15 


59.  4 
61.52 
^4.41 
67.30 


70.19 
73.  7 
75.56 
78.45 


81.34 
84.22 
87.11 
90.  0 


N.byW. 


N.N.W. 


S.W.bjB, 


N.  W. 


W.  N.  W 


W.byN. 


Wcsf. 


S.  by  W. 


S.  S.  W, 


s.  w. 


NW.byW.  SW.  byVIT  I 


W.  S.W. 


W.  by  S, 


*  It  ii  h«i« 
must  be  mwie 


suppoMd  tlM(  the  needle  poinu  to  the  true  north,  hat  if  it  varies  thavfron,  aUou-maur^t 
i  totlkt  variatioo  hj  the  rates  which  will  be  glTen  In  this  worli. 


PlattW. 


Kgl 


Tins 


AmiMlTTH 


ftjlli.kk::;  hr  r  i>u.m  ia/-'r",  ift-^o. 


r^  /v J^   ' 
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in  the  following  TabU,  the  rvlesfor  solving  the  various  casts  of  Plane  Sailinfr 

are  collected. 
PLANE  SAILL\G. 


and  Disiaaoe 


(Jifoneaod 
DiC  of  Lat 


Coaneand 
DepKiture. 


Di<;taoce  ami 
Diff.  of  lat. 


Distance  aiMi 
Departure. 


e     Oifl-.oTLat.k 
Depvtnre. 


KequiiTfi. 


Did.  of  Lat. 
Drparture. 


Disfance 
IVparture 


,     D.  stance 
Diff.  of  LaL 


Cour*t> 
Departure 


i'ourue 
Dtfr.ofLat. 


Courie 
Distance. 


Ua<i. 
Rad. 


Di«i.    ;    I 
Disi.    :    : 


CJos.  Course 
Sine  Couraie  : 


liiir.  ot  LaL 
Departure. 


t,'«-sine  Course 
Radius    ;     Diff.  J 


Diff.  Lat.    :    :    Kacl.    :    DIsCaiice. 
tt    :    ;    Tang'  Course    :    Depart u re. 


Sine  Course    ;    Dcpartuie    :    :    Had.    :    Distance. 
RarUuM    ;    Departure    ;    ;    Co-tang.  Course    :    Diff.  Lat. 


t^Lstance 
Radius    : 


:    Radius 
Distance 


Diff.  LaU    : 
Sine  Course 


Distance 
Radius    t 


:    Radius 
Distance 


Cos.  Course. 
:     Dpjiarture. 


Departure    :    Siwf  Course. 
Cos.  Course    :    Diff.  Lat. 


Diff.  Lat.    j    Radius  :    Dep.  :     Tang.  Course. 

SlneCo«»rse    :    Departure    :    :    Rad.    :    Distance. 
Radius    ;    PUT.  Lat.    ;    ;    Becant  Course    :     Distance. 


Course  and  dutance  sailed 

A  ship  from  the  latitude 
the  latitude  she  is  in,  and 


CASE  L 

gi^n,  to  find  the  difference  of  latitude  and  depar- 
ture from  the  meridian, 

of 490  67' N.  .«Miils  S.  W.  by  W..488  miles;  required 
her  departure  from  the  meridian  sailed  from  ? 
BY  PROJECTION. 


^?^if^^ — pE 


Dimw  tbe  line  CA  to  represent  the  meridian  of  the  place  C,  from  whence  the  ship 
saSed.  With  the  chord  of  60^  in  your  compasses,  and  one  foot  in  C  as  a  centre,  de- 
Mribe  the  eompass  N.  W.  S.  E.  Tike  5  points  in  your  compasses  from  the  line  of 
rhmmlM  cm  the  plane  scale,  and  set  it  off  on  the  arch  from  S.  towards  W.  for  the  course ; 
through  this  point  and  C  draw  the  line  CB,  which  make  equal  to  the  distance  488 ;  draw 
BA  parallel  to  the  E.  and  W.  points  W.  £.  to  cut  the  meridian  in  A.  Then  will  C A  be 
the  difierence  of  latitude  871.1,  and  AB  the  departure  405.8. 

BY  LOGARITHMS. 
By  making  the  distance  radius. 


To  find  the  departure. 
As  Tsdhta  8  points  10.00000 

Is  to  the  distance  468  2.68842 

So  ia  the  sine  course  5  points        9.91985 
To  the  departure  40a.8  2.60827 

N9W  as  tbe  ship  u  in  north  latitude  safling  sou^eriy 


To  find  the  difference  of  latitude. 
As  radius  8  points  •  10.00000 

Is  to  the  distance  488  2.68842 

So  is  co>sine  course  5  points  9.74474 

To  the  difference  of  lat  271.1 
from  the  latitude  left 


2.43316 

490  BT  N. 

Take  the^dUference  of  latitude  271.1=4  31    S. 


And  ike  depvtnre  firom  tfie  meridiaa  is  405.S  milts. 


6iT6s  the  latitude  in  46  26  N. 


54  PLAJsE  SAILtDCe. 

BY  GUNTER. 

Extend  from  radius  or  8  points*  to  i>  points  on  the  line  marked  SR ;  that 
extent  will  reach  from  the  distance  488  to  the  departure  405.8  on  the  line  of 
numbers. 

Sdly .  Extend  from  radius  or  8  points  to  S  points,  the  complement  of  the 
course,  on  the  lihe  SR ;  that  extent  will  reach  from  the  distance  488  to  the 
difference  of  latitude  271  on  the  line  of  numbers. 

Thus  may  all  the  operations  be  performed  in  the  several  cases  of  Naviga- 
tion. 

By  this  case  are  calculated  the  tables  of  latitude  and  departure  (Tables  I. 
and  II.)  for  evefy  degree,  point,  aiid  quarter  point  of  the  mariner's  compass^ 
to  the  distance  of  300  miles.  By  the  inspection  of  these  Tables,  a  aay's 
work  may  be  calculated  in  a  much  more  expeditious  manner  than  by  loga* 
rithms  or  by  6unter*s  Scale.  In  consequence  of  this,  the  method  by  inspec- 
tion is  generally  used  at  sea  in  preference  ta  every  other  method. 

BY  INSPECTION. 

Find  the  given  course  ^t  the  top  or  bottom  ot  the  tables,  either  among  the 
points  or  degrees,  and  in  that  paec,  against  the  distance  taken  in  its  column, 
will  stand  the  diffidence  of  latitude  and  departure  in  their  columns,  f 

It  must  be  observed,  that  in  using  these* tables,  the  names  Dist.  Lat.  Dep. 
must  be  found  at  the  top  if  the  course  is  found  there,  but  if  the  course  is 
found  at  the  bottom,  those  names  must  be  found  at  the  bottom. 

Thus  the  course  S.  W.  by  W.  or  5  points,  is  found  at  the  bottom  of  the 
table  of  difference  of  latitude  and  departure  for  points ;  and  as  the  distance 
488  is  too  great  to  be  found  in  the  tables,  divide  it  by  2  (or  any  other  conve- 
nient number)  and  that  gives  244,  which  look  for  in  the  distance  column,  and 
against  it  stand  135.5  for  the  difference  of  latitude,  and  302.9  for  the  depar- 
Uire,  which  being  doubled  (because  divided  by  2)  give  271  for  the  difference 
^f  latitude,  and  405.8  for  the  departure,  the  same  ^s  before. 

CASE  II. 

Course  and  difftrmce  of  latitude  ghftn^  to  find  the  distance  noh  and  departure 
Jnm,  the  mertdian. 

If  a  ship  runs  S.  E.  by.E.  from  1^  45'  north  latitude,  and  then  by  observa- 
tion is  in  2^  46'  south  latitude,  what  is  her  distance  and  departure  ? 

In  this  case,  as  the  ship  has  crossed  the  equator,  the  sum  of  the  two  lati- 
tudes lO  45' and  2^  46'  is  the  difference  of  latitude  4°  3r=271  miles. 

BY  PROJECTION. 

Dra^  BC=271,  and  BA  making  an  ^ 
angle  with  BC  equal  to  the  course  5  points,  q 
or  56^  15';  draw  CA  perpendicular  to**^  " 
BC  U>  cut  BA  in  A,  and  it  is  done ;  for  ^ 
OA.  will  be  the  departure  =:  406,  and  ABq 
the  dfstance=488. 

C 


BT  LOGA 

Bj  making  diff.  of  lat  BC  radius. 

To  find  the  departure. 

A9  radius  4  points                          10.00000 

IMI*  m.  of  lat.  271                        2.43297 

So  b  tang,  course  5  pts.                 10.17511 

HITHMS. 

By  making  the  Dep.  AB  radius 
To  find  the  distance. 
As  co-sine  course  5  points 
Is  to  the  diff.  of  lat  271 
So  is  ndius 

To  the  distance  487.S 

9.74474 
2.43297 

io.ooooe 

T«  the  departore  405.6                   2.60808 

2.68823 

•  When  the  course  ii  given  in  points,  make  use  of  the  lines  marked  sine  rtuambs,  and  taofent  rhumbs, 
h  the  upper  >Me  of  the  wale  {  when  in  degrees,  make  use  of  the  lines  marked  sine  and  tangent. 


t  When  the  dislance  to  too  great  to  be  found  in  the  tables,  tou  must  divide  It  by  2,  S.  4.  or  any  fionve- 
nlent  number,  the  numbers  corresponding  to  the  quotient  being  mnlf^ed  by  the  divisor  will  give  the 
nought  numbers. 

t  By  making  BC  mdHos  you  would  have  RaA.  :  XHIT.  Lat  :  :  Secant  Coarse  :  Dtotance  bat 
this  canon  would  not  do  for  a  common  scale  oa  which  there  lino  Dtot  of  sscooU.  Tbesunelbhig  b  to 
ne  otocrvcd  in  tbe  followiiig  cases. 

uiyiuzi3;u  uy  ■%_j  v_a  v_^ -i  i^^ 


PLANE  SAIUNd.  lO 

Hence  the  ship's  distance  run  is  487.8  mileSf  and  her  departure  from'  the 
meridian  is  405.6  easterly. 

BY  GUNTER. 

Extend  from  radius  or  4  points  to  the  course  5  points  on  the  line  marked 
TR,  that  extent  will  reach  from  the  difference  of  latitude  271  to  the  depar- 
ture 405.6  on  the  line  of  numbers. 

Sdly.  Extend  from  the  complement  of  the  course  3  points  to  the  radius  8 
points  on  the  line  SR,  that  extent  will  reach  from  the  difference  of  latitude 
£71  to  the  distance  488  on  the  Ihie  of  numbers. 

BY  INSPECTION. 
Find  the  course  among  the  points  or  degr«es,  and  the  difference  of  latf- 
tude  in  its  column,  against  which  will  stand  the  distance  and  departiure  in 
their  columns. 

Now,  as  the  difference  of  latitude  271  in  two  great  to  be  found  in  the  tables,' 
I  divide  it  by  2,  and  that  gives  135.5  which  I  find  over  S.  £.  by  £.  or  5 
points  in  the  latitude  column ;  against  that  stand  244,  for  the  distance,  and 
202.9  for  the  departure,  which  multiplied  by  2  give  the  distance  488,  and  the 
departure  405.8. 

CASE  III. 
Coufse  and  departun  from  the  meridian  gioen,  to  find  the  distance  and  dif- 
ference of  latitude. 

If  a  ship  sails  N.  E.  by  E.  |  E.  from  a  port  in  3^  15'  south  latitude,  until 
she  depart  from  her  first  meridian*  406  miles,  I  demand  the  distance  sailed^ 
and  the  latitude  she  is  in? 

BY  PROJECTION. 
Draw  the  meridian  AB,  upon  which  B  Hep.  406  E. 

erect  the  perpendicular  BC,  and  set  off     j ^^""t 1-^ 

thereon  the  aeparture  406  easterly  from  -^ 

B  to  C ;  with  the  chord  of  60^,  on  C  as  a  »3 

centre,  describe  an  arch,  'and  set  off^^ 

thereon  the  complement  of  the  course  S^ 

DE;  through  D  and  C  draw  the  line 

CDA,  cutting  the  meridian  in  the  point    A 

A;  then  AC  measured  on  the  same  scale  before  used,  gives  the  distance  440, 

and  AB  192,  the  difference  of  latitude. 

BY  LOGARITHMS. 
By  making  the  departure  BC  radius. 
As  radius  4  points  10.00000 

is  to  the  departure  406  8.60853 

So  is  co>tang.  course  5}  fts.  9.67483 


By  makiag  the  distaacc  AC  radius. 
As  sine  course  5|  pts.  9.956x6 

Is  to  the  departure  406  «.60853 

So  is  radius  10.00600 


To  the  diff.  of  lat.  192  S.28336  To  tl^  distance  449,1  t.6«937 

From  the  latitude  left  3*^  16'  «. 

Subtract  the  difference  of  latitude  192  miles,  or  3    12  N. 


ne  remainder  being  3,  shows  the  ship  is  in  the  latitude  of  0      3  6. 

BY  GUNTER. 

Extend  from  radius  or  4  points  to  the  co-course  2|  points  on  the  line 
marked  TR;  that  extent  will  reach  from  the  departure  406  to  the  differevi* 
of  latitude  1 9%  on  the  Ime  of  numbers. 

2dly.  Extend  from  the  course  5|  points  to  radius  on  the  sines,  that  extent 
will  reach  fi^om  the  departure  406  to  the  distance  449  miles  on  the  line  of 
numbers. 

BY  INSPECTION. 

Find  the  course  either  among  the  points  or  degrees,  and  the  departure  in 
its  column,  against  which  will  stand  the  distance  and  difference  of  latitude  in 
their  respective  columns. 
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Thus  with  Iho  course  53  points,  and  half  the  departure  203*  I  find  224. f; 
for  the  distance,  and  96.0  for  tlie  difference  of  latitude,  which,  being  doubled, 
give  the  distance  449;  and  the  difference  of  latitude  194.0,  as  before. 

CASE  IV. 
Distance  and  difference  of  latitude  given^  to  find  the  courae  and  departute. 

Suppose  a  ship  sails  488  miles,  between  the  south  and  the  east,  from  a  port 
ill  2^  52'  south  latitude,  and  then  by  observation  is  in  7^  23'  south  latitude; 
wliat  course  has  she  steered,  and  what  departure  has  she  made? 

From  the  latitude  by  observation  7<^  S3'  take  2^  52'  the  latitude  left,  the  r*^- 
iiiainder  4^  31'=:271  miles,  is  the  difference  of  latitude. 

BY  PROJECTION. 

Draw  the  meridian  AB=271 ;  upon  which  erect  ^ 
the  perpendicular  6C  ;  take  488  in  your  compasses,  Si '' 
and  with  one  foot  on  A,  as  a  centre,  describe  an  •» 
arch  cutting  EC  in  C ;  join  A  and  C ;   then  will  t.^ 
BC  be  the  departure  406,  and  the  angle  BAC  the  j^  " 
course =5  6^  16'  or  &ye  points  nearly.  j§  *■ 

B 
BY  LOGARITHMS. 

To  find  the  course.  !                To  find  the  departure. 

As  the  dutance  483  2.68842|As  radtua  10.00000 

Is  to  radius  lO.OOOOOils  to  tl>e  distance  48S  2.68849 

So  is  the  diff.  of  lat  271  2.43297;So  is  sine  coarse  56°  le  9.91993 

To  ce-sinc  course  6fP  16'  9.74456lTo  the  departure  405.8  2.6QS35 

Hence  the  course  is  S.  E.  by  E.  and  the  departure  405.8. 

BY  GUNTER. 

The  extent  from  the  distance  488,  to  the  difference  of  latitude  271  on  the 
line  of  numbers,  will  reach  from  radius,  or  90°  to  33°  44',  the  co-course  on 
the  line  of  sines.  y 

And  the  extent  from  radius,  to  56°  16'  on  the  line  of  sines,  will  r^ach  from 
the  distance  488  to  the  departure  405.8  on  the  line  of  numbers. 

BY  INSPECTION. 

Seek  in  the  tables  till  against  the  distance  taken  in  its  column  is  found  the 
given  difference  of  latitude  in  one  of  the  following  columns,  adjoining  to  it 
will  stand  the  departure ;  which,  if  less  than  the  difference  of  latitude,  the 
course  is  to  be  found  at  the  top  ;f  but  if  greater,  the  course  is  to  be  found 
at  the  bottom. 

Thus  half  the  distance  £44,  and  half  the  difference  of  latitude  135.5,  are 
found  to  correspon4  to  a  course  of  5  points  or  S.  E.  b.  E.  and  t©  the  de- 
Iparture  202.9,  which  being  doubled,  gives  405.8,  as  before. 

'  -     '  CASE  V.  ' 

•  Distance  and  departure  given^  to  find  the  course  and  difference  of  latitude. 

Suppose  a  ship  sail?  488  miles  between  the  north  and  west,  from  the  lati- 
tude of  SSP  25'  north,  until  her  departure  is  405  miles,  what  course  has  she 
steered,  and  wha,t  latitude  is  she  in? 

^  The  nearest  Dumber*  In  the  taMe  fire  'X)ZS  and  203.i,  and  as  Uie  number  ^  is  .nearty  a  mtan  of 
these  two  Tallies,  I  take  the  mean  2245  of  the  correspoiMlin^r  distances  ^4,  225.  and  the  mean  96  of  the 
•orrespoodhur  dapartures  86.8  and  96.2;  these  doubled  give  the  trtie  distance  449,  and  defiartvre  192. 

\  It  max  auo  be  known  whether  the  coorie  be  marked  at  the  top  or  bottom  of  the  iride,  by  obserrin^ 
whether  the  dliTerence  of  latiUide  and  departure  correspood  with  the  marks  at  the  top  or  boUoip. 
Thus  the  half  distance  244,  and  half  ditTerence  of  latitude  1S5.5  correspond  to  the  course  5  p6hits,fceaiti9e 
tlie  ertamn  la  which  135^  is  found,  b  marked  latitude  at  the  bottom ;  the  same  may  be  observed  in  the 
following  ca^^ 
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BY  PROJECTION. 

Draw  the  line  AB  equal  to  the  departure  405, 
and  perpendieular  thereto  the  line  BC  to  repre-AlF 
sent  the  meridian,  then  take  the  distance  488  in 
your  compasses,  and  fixing  one  foot  in  A  as  a  cen- 
tre, describe  an  arch  cutting  BC  in  C,  join  AC  and 
it  is  done ;  for  the  angle  ACB  will  be  the  course, 
and  BC  the  difference  of  latitude. 


To  find  the  course. 
As  the  distance  488 
Is  to  radius 
6e  is  the  departure  405 


BT  LOGARITHMS. 

]        To  find  the  diflerence  of  latitude. 
S.68342  As  radius  ICOOOOO 

lO.OOOOOlls  to  the  distance  489  d.68843 

2.60746|So  is  co-sine  course  56<^  ii  9.74644 


2.43486 


To  the  sine  of  course  56^  ^  9.9l904|To  the  diC  of  latitude  372,3 

Hence  the  course  is  N.  660  8'  W.  or  N.  W.  by  W.  nearly. 
To  the  latitude  sailed  from  32<^  25'  add  the  difference  of  latitude  272,  or 
4^  S2',  the  sum  96^  57'  is  the  latitude  the  ship  is  in. 

BY  GUNTER. 

Extend  from  Htft  distance  488  to  the  departure  405  on  the  line  of  numbers, 
that  extent  will  reach  from  radius  to  the  course  50^  6'  on  the  h'ne  of  sines. 

2dly.  Extend  from  radius  to  the  complement  of  the  course  99P  ^4t*  on 
the  line  of  sines,  that  extent  will  reach  from  the  distance  488  to  the  differ* 
ejnce  of  latitude  272  on  the  line  of  numbers. 

BY  INSPECTION. 
Seek  in  the  tables  till  against  the  distance,  taken  in  its  column,  is  found  ^he 

§iTen  departure  in  one  of  the  following  colnnms ;  a^oining  to  it  will  staind 
le  difference  of  latitude;  which,  if  greater  than  the  (departure,  the  course  is 
to  be  found  at  the  top ;  but  if  less,  the  course  is  to  be  found  at  the  bottom. 
Thus  half  the  d^tance  244,  and  half  the  departure  202,5,  a^ree  nearly  to  a 
course  of  5  points  or  N.  W.  by  W.  and  a  difference  of  latitude  135,5,  which 
being  doubled,  is  271,  the  difference  of  latitude,  nearly  as  before. 

CASE  VI. 

Difference  of  Latitude  and  Departure  given  to  find  the  Course  and  Disiaticr. 

A  ship  sails  betweep  the  north  and  west  till  her  difference  of  latitude  U 
271  miles,  and  her  departure  is  406  miles;  I  demand  her  course  and  dis- 
tance ? 

BY  PROJECTION. 

Departure  406.      B 

Draw  AB=s271,   and  perpendicular   to  it  C^ 
BC=406 ;  join  C  and  A;  then  will  Uie  angle 
CAB  be  the  course=560  17',  and  AC  the  dis- 
tance=48e  miles. 


BY  LOGABITHMS. 


To  find  the  course. 
As  the  diff  of  ktitade  271 
Istorsdios 
So  is  the  departure  406 


2.43297  As  ladios 


10.00000 


To  find  the  distanet. 


Is  to  the  dlff.  of  latitude  271 


2.$0e53So  is  sec.  of  coarse  66^  17' 


10.00000^ 
S.43S97 

10.25664  * 


To  tai^.  of  course  56^  17'  10.17556|To  the  distance  488.2  3.68861 

Hence  her  course  is  N.  56^  17'  W.  or  N.  W.  by  W.  and  the  distalH!e  saiTptl 
is  4&8.2  miles, 
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BY  GUNTER. 

Extend  from  the  difference  of  latitude  271  to  the  dq;>arture  406  on  the  line 
of  numbers,  that  extent  will  reach  from  radius  to  56^  17'  the  course  on  the 
line  of  tangents. 

2dly.  For  the  distance  we  must  consider  it  as  radius  (unless  there  is  A 
line  of  secants  on  the  scale)  and  extend  from  the  course  56^  17'  to  the  radius 
•or  90O  on  the  line  of  sines,  that  extent  will  reach  from  the  departure  40(r,  to 
the  distance  488  on  the  line  of  numbers. 

BY  INSPECTION. 

Seek  in  the  tables  till  the  given  difference  of  latitude  and  departure  are 
found  together  in  their  respective  columns,  then  andnst  them  will  be  the  dis- 
tance in  its  column,  and  the  course  will  be  found  at  the  top  of  that  table  if 
the  departure  be  less  than  the  difference  of  latitude^  otherwise  at  the  bottom* 

Thus  ^th  half  the  difference  of  latitude  135.5,  and  half  the  departure  iOSr 
enter  the  tables,  and  these  numbers  will  be  found  to  correspond  nwirly  to  5 
points  or  N.  W.  by  W.  course,  and  a  distance  equal  to  i44  miles,  which  being 
doubled  gives  the  sought  distance,  488. 

Questions  to  txercise  the  learner  in  the  Jtrngoing  Rules. 

Question  L  A  ship  in  Z^  i(y  gouth  latitude,  sails  N.  by  E.  89  leagues  ; 
what  latitude  '  she  in,  and  what  is  her  departure  ? 

Answer,    Latitude  in  SP  12'  N.  and  departure  17,86  leagues. 

Question  II.  A  ship  sails  S.  S.  W.  from  a  port  in  41<^  30'  north  lati- 
tude, and  then  by  observation  is  in  36^  57'  north  latitude ;  I  demand  the  dis- 
tance run  and  departure  ? 

Answer.    Distance  run  98,5  leagues,  departure  37,7  leagues. 

Question  III.  A  ship  sails  S.  S.  W.  h  W.  from  a  port  in  2<^  30'  south  lati- 
tude>  until  her  departure  be  59  leagues;  I  demand  her  distance  run  and 
latitude  in? 

Answer.    Distance  nm  125,2  leagues,  latitude  in  8^  1'  south. 

Question  TV.  If  a  ship  sail  360  miles  south  westward  from  21^  59^  south 
latitude,  until  by  observation  she  be  in  24^  49'  south  latitude,  what  is  her 
Course  and  departure  ? 

Answer.^  The  course  is  S.  W.  by  W.  half  W.  or  S.  61°  49'  W.  and  her 
departure  from  the  meridian  is  317,3  miles. 

Question  Y.    Suppose  a  ship  sails  354  miles  north  eastward  from  Z^  d' 
soutii  latitude,  until  her  departure  be  150  miles,  what  is  her  course  and 
,  latitude  m? 

Answ^.  Her  course  is  N.  25^  4'  E.  or  N.  N-  E.  *  E.  nearly,  and  she  is 
in  latitude  39  12'  N. 

Question  VI.  Suling  between  the  north  and  the  west,  from  a  port  in 
1^  59'  south  latitude,  and  then  arriving  at  another  port  in  4^  8'  north  latitude, 
ivhidi  is  209  jmiles  U>  the  westward  of  the  first  port— I  demand  the  course 
f  nd  distance  from  tiie  first  port  to  the  second  ? 

Answer.  The  course  is  N.  29©  40'  W.  or  N.  N.  W- 1  W.  nearly,  and  the 
distance  of  theoorts  is  422,4  miles,  or  140,8  leagues. 

Question  VII.  Four  days  ago  we  were  in  lat.  3^  25'  S.  and  have  since 
that  time  sailed  m  a  direct  course  N.  W.  by  N.  at  the  rate  of  8  miles  an  hour; 
TeqUfawd  our  present  latitude  and  departure? 

Answat.    Latitude  in  7^  u' N.    Departure  426,7  miles. 

QmstimVllh  A  ship  in  the  latitude  of  3^  52'  S.  is  bound  to  a  port  bearing 
N.  W.  by  W.  J  W.  m  the  latitude  of  4^  30'  N.  how  far  does  that  port  lie  to 
the  westward,  and  what  is  the  ship^s  distance  from  it? 

Answer.  The  port  lies  939,2  nules  to  the  westward,  and  tiie  direct  distance 
1065  Bliles. 

€luestwn  IX.  A  ship  from  the  latitude  of  48^  17'  N.  sails  S.  W.  by  S. 
until  she  has  depressed  the  north  pole  2  degrees;  what  direct  distance  has 
fihfe  saOedi  iind  how  many  miles  has  she  got  to  the  westward  1 

Answer.    Distance  run  144,3  miles,  and  has  got  to  the  westward  80,2  miles. 
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TRAVERSE    SAILING. 


A  TRAVERSE  is  an  irregular  track  Tvhich  a  ship  makes  by  sailing  uii 
several  different  coursed ;  these  are  reduced  to  a  single  course  by  means  of 
two  or  more  cases  of  Plane  Sailing,  either  by  geometrical  construction,  or 
by  arithmetical  calculation.* 

The  geometrical  construction  is  performed  as  follows :  Describe  a  drcfe 
Vfith  the  chord  of  60©,  to  represent  the  compass,  and  lay  off  on  its  circumfe- 
rence the  various  courses  sailed.  From  the  centre,  upon  the  first  course  set 
off  the  first  distance,  and  mark  its  extremity:  through  this  extremity,  and 
parallel  to  the  second  course,  draw  the  second  distance  of  its  proper  length ; 
through  the  extremity  of  the  second  distance,  and  parallel  to  the  third  course« 
draw  the  third  distance  of  its  proper  length;  and  thus  proceed  till  all  the 
tlistAnces  are  drawn.  A  line,  drawn  from  tiie  extremity  of  the  last  distance 
to  the  centre  of  the  circle,  will  represent  the  distance  made  good ;  a  line, 
drawn  from  the  same  point,  perpendicular  to  the  meridian,  will  represent  the 
departure;  and  the  part  of  the  meridian  intercepted  between  thia  and  the 
eentrei  will  represent  the  difference  of  latitude. 

The  aridimetical  calculation  to  work  a  traverse  is  as  follows ;  Make  a  tra- 
verse table  consisting  of  six  colunms;  title  them.  Course,  Dist.  N.  S.'E.  W. 
begin  at  the  left  side,  and  write  the  given  courses  and  distances  in  their  re- 
spective columns.  Find  the  difference  of  latitude  and  departure  for  each  of 
these  courses,  b^  Gunter's  Scale,  or  by  Tables  I.  or  II.  (as  in  Case  L  Plane 
Sailing)  and  write  them  in  their  proper  columns;  that  is,  when  the  course  is 
southerlj,  the  difference  of  latitude  must  be  set  in  the  column  S.  when 
northerly  in  the  colunm  N.  The  departure,  when  westerly,  in  the  column  i 
W.  and  when  easterly  in  the  column  E.  Add  up  the  columns  of  northing, 
southings  easting,  and  westing;  take  the  difference  between  the  nortiiingand 
southing,  and  also  between  the  easting  and  westing ;  the  former  difference 
will  be  the  difference  of  latitude,  which  will  be  of  the  same  name  as  the 
greater ;  and  the  latter  will  be  the  departure,  which  will  be  also  of  the  8ara« 
name  as  the  greater.  With  this  difference  of  latitude  and  departUM",  the 
course  and  distance  made  good  are  to  be  found  as  in  CaseVI*  Plane  Sailings 

EXAJVIPLE  I.  _  \ 

Suppose  a  ship  takes  her  departure  from  Block  Island,  in  the  lalHtiito  trf 
41^  10?  N.  the  middle  of  it  bearing  N.  N.  W.  distance  by  estimation  $  leagues, 
and  sails  S.  E.  34,  W.  by  S.  16,  W.  N.  W.  d9,  and  S.  by  E.  40  miles;  re- 
quired the  latitude  she  is  in,  and  her  bearing  and  distance  froni  ^lock  Island? 

*  This  method  of  reducing  compound  courses  to  a  single  one  is  p^ectly  aftiirate  in 
sailing  on  a  plane,  and  is  nearly  bo  in  sailing  a  short  diatanee  on  the  spherical  luxftco 
of  the  earth ;  and  though  in  thb  case  it  is  liaUe  to  a  small  error  in  high  latitades,  yet  in 
general  the^rule  is  sufficiently  accurate  for  reducmg  the  several  courses  an4  distances 
sailed  in  one  day  to  a  single  course  and  distance. 

uiyiuzeu  uy  ■x^j  v_/ v^ pc  i^^ 
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TRAVERSE  SAILING- 


BY  PROJECTION. 

Let  L  represent  the 

middle  of  Block-Isl- 
and; draw  the  meri- 
dian LM,  and  on  L  as 

a  centre,  with  a  chord 

of  60°,  describe  a  cir- 
cle to   represent  the 

compass,    on    which 

mark      the     various 

c6urscs    sailed,     and 

the  '  bearing    of    the 

land  at  the  time  of 

taking  the  departure; 

opposite  to  tms  bear-.^ 

ing  draw  the  S.  S.  E.'*' 

line  liA,  which  make 

equal  to  15  miles,  the 

ejmmated  distance  of 

the  land;  then  will  A 

represent  the  place  of 

the  ship  at  the  time  of 

takuig  the  departure : 

tiirough  A  draw  ABs 

M  mues  parallel  to  the 

S.E.lipe;  then  will  B 

be  the  place  of  the 

ship  after  sailing  her 

txBt  course;    in    like 

manner  draw  BC = 1 6 

miles  parallel  to  the 

W-by  S.  Ime:  CD=: 

39  miles  parallel  to  the 

W.N.lV.lme,andDE 

<=s40  miles  parallel  to  the  S.  by  E.  line;  then  will  E  represent  the  place  ef 
the  ship  after  sailing  her  several  courses.  Join  EL,  and  draw  EM  perpen- 
dicular to  LM;  then  will  LE  be  the  distance  of  Block-Island  66.8  miles,  and 
.the  angle  ELM=lii^  16'  will  be  the  course  made  good,  LM  the  difference 
'of  latitude,  and  EM  the  departure. 

TO  FIND  THE  SAME  BY  LOGARITHM^. 

For  the  first  course  S.  S.  E.  15  miles. 


To  0ad  the  diffisrence  of  latitude. 
As  ndhis  90^  10.00000 

U  to  distanoe  15 
9o  U  cfHBine  cotirte  3  points 

1%  bis:  lat.  13.9 


For  departure. 
Ab  radiua  90^ 
1.17609  Is  to  distance  15 
9.96562  So  is  sme  course  3  points 


-    For  difbrence  of  latitude. 
Atnidins90» 
Is  to  co-tine  course  45^ 
^  is  distance  54-. 


1.14171|To  departure  5.7 
Second  course  S.  E.  34  miles. 


For  departure. 
10.00000  As  radius  90° 
9.84949  Is  to  sine  course  45^ 
1.53148  So  is  distance  34 


to  die  latitude  34 


1.38097  To  departure  24 
Third  course  W.  by  S.  16  miles* 


For  differance  q£  latitude. 

As  radius  90^  7*  10.00000 

Is  to  co-sine  course  78^  45'  9.39034 


So  is  distance  l6 
TedUr.j«titiide3.1 


For  departure. 
As  radius  90° 
Is  to  sine-course  78P  45' 


1.80412  So  is  distance  16 


0.49436|To  departure  15.7 


Digitized 


byGo^ 


10.00000 
1.176019 
9.58884 

0.75893 


10.00000 
9.84949 
1.53148 

1.38097 


ia.00000 
9.99167 
1.80413 
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Fourth  course  W-  N./W.  89  miles. 


For  diffierence  of  latitude 
Asradiiia90O 
Is  to  co-sine  course  67*^  30' 
So  is  distance  39 

10.00000 
9.58284 
1.59106 

m      For  departure. 
AsradiA90<^ 
Is  to  sine  course  67°  30^ 
So  is  distance  39 

To  departure  36 

by  E.  40  miles. 

For  departure. 
As  radius  90° 
Is  to  sine  course  11°  15' 
So  is  distance  40 

To  departure  7.8 

10.00000 
9.96562 
1.59106 

To  diff.  lat.  14.9                              1.17390 

£i(lh  course  S. 

For  difference  onatitude. 

As  radius  90°                                10.00000 

Is  to  co-sine  course  11"^  16^             9.99157 

So  is  distance  40                             1.60206 

1.55668 

10.00000 
9.29024 
1.60206 

To  diC  lat.  39.2 

1.59363 

0.89230 

Though  this  method  of  finding  the  difference  of  latitude  and  departure  by 
loearitfams  is  accurate,  yet  the  calculations  may  be  more  easily  made  by  the 
tables  of  differetice  of  latitude  and  departure,  as  in  Case  I.  Plane  Sailing. 


TRAVERSE  TABLE. 


Place  all  these  courses,  distances,  &lc. 
an  the  traverse  table,  then  add  up  all  the 
westings,  eastings,  northings,  and  south- 
ings, separately,  and  set  down  their  re- 
spectiTe  sums  at  the  bottom  of  each  co- 
lunm ;  and  as  the  westing  is  greater  than 
the  easting  subtract  the  easting  there- 
from ;  the  difference  14,2  shews  that  the 
ship's  departure  is  so  much  west  of  her 
first  mendian. 


A  gam,  the  southing  being  greater  than  the  northing,  subtract  the  northing 
from  it,  and  the  remainder  65.9  shews  how  far  the  ship  is  to  the  southward 
of  her  first  place. 

To  find  the  distance  of  the  Island. 


Coui^acs. 

Obt. 

L>ifl;  Lflt. 

iH;pMUifcJ 

H.9 

13.9 

3.1 

^9.3 

E. 
24.0 

15.7 
36.0 

S.  S,  E. 

w.  tiT  a 

W.  N.  W, 
S.  hj  E. 

15 
34 
J6 
39 
10 

From  sum 
Tate 

—  *  —  8o.a 

—  —   143 

—  «  65.3 

37.5 

51.7 
37.6 

142 

To  find  the  direct  course  or  bearing  of 

Block  Island  from  the  ship. 
Ab  the  diff.  lat  65.3  1.81491 

Is  to  radius  45^  10.00000 

So  is  the  departure  14.2  1.1 5229 


To  tang,  course  12^  16' 


As  sine  of  course  12^  16^ 
Is  to  the  departure  14,2 
So  is  radius  90° 


WUeh,  because  the  difierenee  of  latitude 
M  southerly,  and  the  departure  westerly, 
is  S.  12°  16'  W.  Whence  Block  Island 
bears  from  the  ship  N.  12°  16'  £.  or  N.  by 
E.  1°  1'  E. 


9.33738  To  the  distance  66.8 


9.32723 
1.15229* 
10.00000 

1.82501 


BY  INSPECTION. 
Find  the  course  and  distance^by  jPase  V£ 
of  Plane  Sailing. 


EXAMPLE  II. 

A  ship  from  Mount-Desert  Rock,  in  the  latitude  of  43^  52'  N.  sails  for 
Cape  Cod  in  the  latitude  of  42^  5'  N.  its  departure  from  the  meridian  of 
Moimt-Desert  Rock  beinff  supposed  to  be  84  miles  west ;  but  by  reason  of 
contrai^winds,  ^e  is  obliged  to  sail  on  the  following  courses,  viz.  South  10 
miles,  W.  S.  W.  25  miles,  S.  W.  SO  miles,  and  W.  20  miles.  Required  the 
bearing  and  distance  of  the  two  places,  the  course  alid  distance  sailed  by  the 
ship,  and  the  bearing  and  distance  of  hei  intended  po^  ? 
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BY  PKOJECTION.      . 

Lat  Mount-Desert  Bock    43''  52' N. 
Lat  of  Cape  Cod  42     5%, 

Diffioflat  1    47=107  miles. 

Let  C  represent  Moant-Desert  Rock,  draw  the 
meridian  CF,  which  make  equal  to  107  miles  the 
difference  of  latitude  between  the  two  places ; 
and  per- 
pendicular 
thereto  the 
line  FE  e- 
qual  to  the 
departure 
84  miles, 
then  is  E 
the  place  of 
Cape  Cod. 
With  the 
chord  of 
W^  sweep 
about  the 
ventre  C,  a 
circle  £.  S. 
W.  to  re- 
present the 
compass,  & 
upon  it  note 
the  various 
eoursessail- 
ed.  The 
first  course 
being  South 
thediitance 
10  miles  is 
set  off  from      _ 

C  towards  F  upon  the  meridian,  and  this  point  represents  the  place  of  the  ship  after 
sailing  her  first  coure ;  continue  setting  off  the  various  courses  and  distances  as  In 
the  last  example,  viz.  W.  S.  W.  35  miles,  S.  W.  30  miles,  and  West  20  miles  to  the 
point  A ;  then  will  A  represent  the  place  of  the  ship  after  sailing  these  courses.  Join 
€£,  AC,  A£  ;  draw  AB  perpendicular  to  the  meridian  CF,  and  AD  parallel  thereto : 
then  will  AC=76,3  miles  be  the  distance  made  good,  A£=69.1  miles  the  distance  of 
Cape  Cod  firom  the  ship ;  CE  the  distance  of  the  two  places=136  miles ;  ACB=57^  36', 
the  course  made  good ;  EAD=16^  34'  the  course  to  Cape  Cod,  and  ECF  the  course 
from  Mount-Desert  Rock  to  Cape  Cod=380  8',  &c. 
BY  LOGARITHMS. 
To  find  the  bearing  and  distance  of  the  two  places  by  Case  YI.  Plane  Sailing. 


To  find  the  bearing. 
As  diff.  of  lat  107 
Is  t»  radius  45'' 
6o  is  departure  84 


2.02938 

10.00000 

1.92428 


To  find  the  distance. 

As  radius  90^  I0.0000i> 

Is  to  diff.  of  lat  107  2.0293S 

So  is  sec.  course  38^  8'  10.10426 


To  tang,  course  33°  8'  9.89490  To  the  distance  136  2.13364 

^'iVhence  the  course  from  ^Mount-Desert  Rock  to  Cape  Cod  is  S.  38°  8'  VV.  distance 
136  miles.    The  same  may  Se  found  by  the  scale  or  by  inspection. 

TRAVERSE  TABLE. 
The  difiereno^  of  latitude  and  departure 
for  the  several  courses  being  calculated,  by 
Case  I.  Plane  Sailing,  and  arranged  in  the 
traverse  table,  it  appears  that  the  difference 
of  Mtude  made  good  )ff  the  ship  is  40,8 
miles ;  and  the  departure  64,3  miles ;  then  by 
Case  Vf .  Plane  Mling)  these  numbers  -ore 
fbund  to  correspond  to  a  course  of  S.  57*^  36', 
W.'and  distant^  76,2  miles. 

urn.    1j|»i.  «i.o  )ucp.  < 


Courses. 

South. 

W.  8.  W. 

S.W. 

W. 

Hist 

10 
25 
30 
20 

Diff.  Lat 

Departure 

N. 

S. 

10.0 

9.6 

21.2 

E. 

W. 

23.1 
21.2 
20.0 

Diff.    Lf!t  40.8 

Dep,  64.31 
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Subtract  the  difference  of  latitude  made^ood  by  the  ship  40,8  milest  ffom 
the  whole  difference  of  latitude  107  miles,  and  there  remain  66,2  miles^ 
which  is  the  difference  of  latitude  between  the  ship  and  Gape  Cod.  In  the  ' 
same  manner  by  subtracting  the  ship's  departure,  64,3  miles,  from  the  whole 
departure,  84  miles,  there  remain  19,7  miles  for  the  departure  between  the 
ship  and  Cape  Cod.  With  this  difference  of  latitude,  66,2,  and  departure, 
19,7,  the  bearing  of  Cape  Cod  is  found,  by  Case  VI.  Plane  Sailing,  S.  16^ 
54'  W.  and  its  distance  69,1  miles. 

All  the  preceding  calculations  may  be  made  by  logarithms,  by  the  scale, 
or  by  inspection.  But  we  shall  leave  them  to  exercise  the  learner ;  and  for 
the  same  purpose  shall  add  the  following  example. 

EXAMPLE  III- 

A  ship  in  the  latitude  of  37^  10'  N.  is  bound  to  a  port  in  the  latitude  of 
53^  O'  N.  which  lies -180  miles  west  of  the  meridian  of  the  ship ;  but  by  rea« 
son  of  contrary  winds  she  sails  the  foUowing  courses,  Wz.  S.  W.  by  W.  £7 
miles— W.  S.  W.  i  W.  30  miles— W.  byS.  25  miles— W.  by  N.  18  miles— 
S.  S.  E.  32  miles— S.  S.  £.  i  E.  27  miles— S.  by  £.  25  miles— S.  31  miles, 
and  S.  S.  E.  39  miles.  Required-  the  latitude  the  ship  is  in,  and  her  depar- 
ture from  the  meridian,  with  the  course  and  distance  to  her  intended  port? 

TRAVERSE  TABLE. 


The  difference  of  latitude  and  de- 
]^rture  made  on  each  course,  are  gi- 
ven in  the  adjoined  traverse  table; 
hence  it  appears  that  the  difference  of 
latitude  nukde  good  is  169.4  miles,  the 
departure  47.4  miles,  and  by  Case  VI. 
Plane  Sailing,  the  course  S.  15^  38 
W^  and  distance  175.9  miles ;  and  the 
course  to  the  intended  port  S.  58^  42' 
W.  distance  155.2  miles;  the  latitude 
being  m  34^  21'  N. 


Coursef. 

Diit. 

DifF.Lat 

Departure. 

N. 

S. 

E. 

W. 

S.W.byW. 
W.S.W.4W. 

W.  byS. 

W.  by  N. 

8.  8.  E.* 
S.  8.  £.  i  E. 

8.  by  E. 
Soutii 

S.  8.  £.♦ 

27 
30 
25 
18 
38 
27 
25 
31 
39 

3.5 

15.0 
8.7 
4.9 

89.6 
23.8 
84.5 
31.0 
36.0 

13.8 

13.9 

4.9 

14.9 

S8.4 
38.7 
34.5 
17.7 

3.5 

173.9 
3.5 

45.9 

93.3 
45.9 

Diff.  Lat  169.4 

r^.  47.4] 

PARALLEL   SAILING. 

LN  Plane  Sailing  the  earth  is  considered  as  an  extended  plane,  but  this  sup- 
position is  very  erroneous,  because  the  earth  is  nearly  of  a  spherical  figure, 
m  which  the  meridians  all  meet  at  the  poles,  consequently  the  distance  of 
any  two  meridians  measured  on  a  parallel  of  latitude  (which  distance  is 
called  the  meridian  distance)  decreases  in  proceeding  from  the  equator  to 
the  poles.  To  illustrate  this,  let  PB  represent  the  semi- 
axis  of  the  earth,  B  the  centre,  P  the  pole,  PCAl  a  quadrant 
of  the  meridian,  AB  the  radius  of  the  equator,  and  CD 
(parallel  thereto)  the  radius  of  a  parallel  of  latitude.  Then 
it  is  evident  that  CD  will  be  the  co-sine  of  AC  or  the  co- 
sine of  the  latitude  of  the  point  C,  to  the  radius  AB :  now 
if  the  quadrantal  arch  PC  A  be  su]^posed  to  revolve  round  Ai 
the  axis  PB,  the  point  A  will  describe  the  circumference  of 
the  equator,  and  C  the  circumference  of  a  parallel  of  latitude ;  and  the  for- 
mer circumference  will  be  to  the  latter  as  AB  to  CD  (a«  may  easily  be  deduced 

,  .  ■  .-      ■    ■ «..     ■■- .  ■   ■> 

*  iQstfltd  of  ptttdng  the  caune  S.  S.  E.  S3  miln,  and  S.  8.  E.  39  miles,  you  inlghw.iiiake  onft  entry 
only,  cainoff  U  6. 8.  £.  71  mUei. 
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ftma  Art  liV*  Geometiy ;)  that  is,  as  radius  to  the  co-sine  of  the  latitude  or 
tiie  point  C :  hence  it  fouows,  that  the  length  of  any  arch  of  the  emiator  in- 
'  tercepted  between  two  meridians,  is  to  the  length  of  a  corresponding  arch 
of  any  parallel  intercepted  between  the  same  meridians,  as  radius  is  to  . 
the  co-sine  of  the  latitude  of  that  parallel.  Hence  we  obtain  the  following 
theorems. 

THEOREM  I. 
The  drcumfirenct  oj'the  equator  is  to  the  eircumfenence  of  any  other  parallel 
oflatitudtj  as  radius  ts  to  the  co-sine  of  thai  Uxtitude. 

THEOREM  U. 

As  the  length  of  a  degree  of  the  equator  is  to  the  meridian  distance  correspond- 
(ng  to  a  degree  on  any  othir  parallel  oflaHiude,  so  is  radius  to  the  co-stne  of 
thai  paraUel  of  latitude, 

THEOREM  HI. 

As  rcBdius  is  to  the  co-sine  of  any  latitude,  so  are  the  mUes  of  difference  of 
tanfplude  between  two  meridians  (or  their  distance  in  miles  ujwn  the  equator) 
to  the  distance  of  these  two  meridians  on  that  parallel  of  latitude  in  nUles. 

THEOREM  IV, 
As  the  cihsine  ofanif  latitude  is  to  radixts,  so  is  the  length  of  any  arch  on  that 
parallel  of  latitwk  ('intercepted  between  two  mmdiansj  in  miles  to  the  length 
of  a  stmUoT  arch  on  the  equator,  or  mUes  of  difference  of  longitude. 

THEOREM  V. 

As  the  the  co-sine  of  any  latitude  is  to  the  co-sine  of  any  other  latitude,  so  is  the 
tof^ih  of  any  arch  on  the  first  parallel  of  latitude  m  mUes,  to  tlu  length  of  the 
same  arch  on  the  other  in  mUes. 

By  means  of  Theorem  H.  the  following  Table  was  calculated,  which  shows 
the  meridian  distance  corresponding  to  a  decree  of  longitude  in  every  lati- 
tude: and  may  be  made  to  answer  for  any  degree  or  ounute  by  taking  pro* 
^rtional  parts. 

The  foUtnmng  Table  skews  for  every  degree  of  latitude  how  many  mUeS  distant 
the  two  meridians  are,  whose  d^gmnee  of  longitude  is  one  degree. 


D.  I.. 

MILES. 

D.  L. 

MILES. 

D.  L. 

MILES. 

D.  L. 

MILES. 

D.  L. 

MILES. 

1 

59. 

99 

19 

56. 

73 

37 

47. 

92 

55 

34. 

41 

73 

17.  54 

2 

59. 

96 

20 

56. 

38 

38 

47. 

28 

56 

33. 

55 

74 

16.  54 

9 

59. 

92 

21 

56. 

01 

39 

46. 

63 

57 

32. 

68 

75 

15.  53 

4 

59. 

85 

22 

55. 

63 

40 

45. 

96 

58 

31. 

80 

76 

14.  52 

5 

59- 

77 

23 

55. 

23 

41 

45. 

28 

59 

30. 

90 

77 

13.  50 

6 

59. 

67 

24 

54. 

81 

42 

44. 

59 

60 

30. 

00 

78 

12.  47 

7 

59. 

55 

25 

54. 

38 

43 

43. 

88 

61 

29. 

09 

79 

11.  45 

8 

59. 

42 

26 

53. 

93 

44 

43. 

16 

62 

28. 

17 

80 

10.  42 

9 

59. 

26 

27 

53. 

46 

45 

42. 

43 

63 

27. 

24 

81 

9.  39 

10 

59. 

09 

28 

52. 

98 

.46 

41. 

68 

64 

26. 

30 

82 

8.  35 

U 

58. 

90 

29 

52. 

48 

47 

40. 

92 

65 

25. 

36 

83 

7.  31 

IS 

58. 

69 

30 

51. 

96 

48 

40. 

15 

66 

24. 

40 

84 

6.  27 

IS 

58. 

46 

31 

51. 

43 

49 

39. 

36 

67 

23. 

44 

85 

5.  23 

14 

58. 

22 

32 

50. 

88 

50 

38. 

57 

68 

22. 

48 

86 

4.  19 

15 

57. 

96 

S3 

50. 

32 

51 

37. 

76 

69 

21. 

50 

87 

3.  14 

16 

57. 

68 

34 

49. 

74 

52 

36. 

94 

70 

20. 

52 

88 

2.  09 

17 

57. 

38 

35 

49. 

15 

53 

36. 

11 

71 

19. 

53 

89 

1.  05 

1& 

57. 

06 

36 

48. 

54 

54 

35. 

27 

72 

18. 

54 

90 

0.  00 

When  a  ship  saib  east  or  west  on  the  surface  of  the  earth  supposed  to  be 
spherical,  she  describes  a  parallel  of  latitude,  and  this  is  called  ParaUel  Sail- 
ing, In  this  case,  the  distance  sailed  (or  departure)  is  equal  to  the  distance 
between  the  meridians  sailed  from  and  arrived  at  in  that  parallel,  and  it  is 
easy;  by  Theorem  IV.  (preceding^  to  find  the  difference  of  lon^tude  from  (he 
distence,  or  the  distance  from  the  difference  of  longitude,  as  will  appear 
plain  by  the  following  examples.  C^r\i 

uiyiuzed  by  vjvJOpL  i\^ 


PARALLEL  SAILING. 


^5 


CASE  L 

The  difference  of  longitude  heticeen  two  places  in  the  tame  parallel  of  latitude 

being  given,  to  find  the  distance  between  them. 

Suppose  a  ship  in  Sie  latitude  of  49°  80'  north  pr  south,  sails  directly  easi 

or  west  until  her  difference  of  longitude  be  3^  Q(f^  required  the  distaiict 

sailed  ? 

BY  PROJECTION. 


V'V(7.  / 


\ 


\ 


Sine  90* 


Dep.jaie^f^  \ 


Take  the  sine  of  90°  from  the  Plane  Scale,  and  with  one  foot  of  the  com- 
passes on  P  (Fig.  1)  as  a  centre^  describe  the  arch  EQ;  with  the  difference 
of  longitude  aio  miles  in  the  compasses,  and  one  foot  m  £,  as  a  centre,  do- 
scribe  an  arch  cutting  EQ  in  Q;  join  PE,  PQ.  Take  the  sine  of  the  com- 
plement of  the  latitude  40^  30'  in  your  compasses,  and  with  one  foot  in  P,  as 
a  centre,  describe  the  arch  FG,  cutting  PE,  PQ,  in  FG ;  then  ttie  length  of 
the  chonl  FG  being  measured  on  the  vScale  of  equal  parts  will  be  the  depar- 
ture 136.4  miles. 

Or  this  projection  may  be  made  in  the  following  manner.  Draw  AD  (Fig. 
£)  of  an  indefinite  length,  make  the  an^Ie  DAC  equal  to  the  latitude  49^  SO', 
and  AC  equal  to  the  difference  of  longitude  £10  miles ;  draw  CD  perpendi- 
cular to  AD ;  then  will  the  line  AD  be  tlie  distance  or  departure  required. 

BY  LOGARITHMS. 

•       To  find  the  departure  or  distance. 
As  radius  90^  10.00000 

Is  to  the  difference  of  longitude  SlO  2.32222 

So  is  co-sine  latitude  49^  SO'  9.812.54 

To  the  distance  or  departure  136,4  2.13476 

BY  GUNTER. 
The  extent  from  radius  to  the  complement  of  the  latitude  40^  SO'  on  the 
line  of  sines,  will  reach  from  the  difference  of  longitude  210  to  the  distance 
136,4  on  the  line  of  numbers, 

BY  INSPECTION. 
Find  the  latitude  among  the  degrees  in  Table  II.  and  in  the  distance  co- 
lumn the  difference  of  longitude,  opposite  to  which  in  the  column  of  latitude 
will  be  the  distance  required. 

In  the  present  example  the  latitude  is  49^  30',  and  as  the  table  is  only  cal- 
culated to  single  degrees,  I  find  the  numbers  in  the  tables  of  49^  and  50°,  and 
take  the  mean  of  them ;  the  former  is  137,8,  the  latter  135,0,  the  iQean  of 
which  is  the  sought  distance  or  departure  136,4. 

CASE  II. 

Tltje  distance  betioeen  two  places  on  the  same  parallel  of  latitude  given,  to  find 

their  difference  of  longitude. 

Suppose  a  ship  in  the  latitude  of  49^  30'  N.  or  S.  and  long.  36^  40'  W. 

sails  du'ectly  west  136,4  miles;  required  the  difference  of  longitude,  and 

longitude  in  ? 

^  Digitized  by  Google 
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BY  PROJECTION. 

With  the  sine  of  the  complement  of  the  latitude  40^  30'  in  your  compasses, 
and  one  foot  in  P,  as  a  centre,  (Fig.  Ist.  of  the  preceding  case)  describe  the 
arch  FG,  upon  which  set  off  the  departure  136,4  miles  upon  the  chord  FG, 
and  throueh  the  points  F  and  G  draw  the  lines  PE  and  PQ— then  with  the 
sine  of  90^  in  the  compasses,  and  one  foot  on  P  as  a  centre,  describe  an  arch 
lo  cut  PE,  PQ,  in  E  and  Q;  then  the  chord  EQ  being  measured  upon  the 
same  scale  of  equal  parts  that  the  departure  was,  will  be  the  difference  of 
longitude  21  a  miles. 

Or  thus,  draw  the  line  Ap  (Fig.  2d.)  which  make  equal  to  the  given  dis- 
tance 136,4,  atD  erect  DC  perpendicular  to  DA,  make  the  angle  DAC  equal 
to  the  latitude ;  then  will  AC  be  the  sought  difference  of  longitude  210  miles. 

BY  LOGARITHMS. 


As  co-sine  of  latitude  49°  30*  9.81254 

Is  to  the  distance  136,4  2.134S1 

So  is  radius  10.00000 


Long,  left  3e^40'W. 

Diff.  long.  3    SOW. 

Long,  in  40    10  W. 


To  the  diff.  of  long.  210  2.32227 

BY  INSPECTION. 

Look  for  the  latitude  among  the  degrees,  as  if  it  was  a  course,  and  the  de- 
parture in  the  column  of  latitude ;  against  which  will  stand  the  difference  of 
longitude  in  the  distance  column. 

Thus  in  the  course  49^^,  I  seek  for  136,4  in  the  latitude  column,  and  find  it 
corresponds  to  the  distance  208 ;  and  in  the  course  50^,  I  find  it  nearly  cor- 
re^otids  to  212 ;  half  the  sum  of  208  and  212  is  210,  which  is  the  sought 
difference  of  longitude. 

QUESTIONS  TO  EXERCISE  THE  LEARNER. 

i^ueation  I.  A  ship  in  the  latitude  of  3?*  N.  sails  due  99si  till  ber  diflerence  of  longitude  k  SM  miles ; 
reqiiirpd  the  distance  sailed  ? 

Antxotr.     325.7  miles. 

Question  11.  A  ship  from  the  latitude  of  £S*  S9  8.  longitude  lO*"  l8'  E.  saUi  due  west  236  miles- 
required  her  present  longitude  ? 

Annotr,    S*-  40^  E. 

^tesHon  III.  If  tvro  ships  in  the  latitude  of  44*  9fy  V,  dlstftnt  216  miles,  should  sail  directly  south 
nntU  they  were  iu  the  latittuie  of  32<>  IT  H,  wtiat  distance  are  ibey  from  each  other  t 

jtnawer.    By  Tiieorem  V.  "256  miles. 

^ifciiMm  IV.  A  Khip  having  run  due  east  for  three  days,  at  the  rate  of  5  km>tsan  honr,  finds  the 
iia<  altered  her  longitude  8*>  16 }  what  parallel  of  latitude  did  she  sail  in  f 

AnsKcr,    W  28'  N.  or  8. 


MIDDLE  LATITUDE  SAILING. 

IN  sailing  north  or  south  (or  on  a  meridian)  the  difference  of  longitude  is 
nothing,  and  the  difference  of  latitude  is  equal  to  the  distance  sailed ;  but 
in  sailing  east  or  west  (or  on  a  parallel  of  latitude)  the  difference  of  latitude 
is  nothing,  and  the  difference  of  longitude  may  be  calculated  by  the  foregoing 
Theorems  of  Parallel  Sailing.  In  sailing  on  any  other  course,  the  ship 
changes  both  her  latitude  and  longitude ;  in  this  case,  the  difference  of  lati- 
tude, departure,  and  difference  of  longitude  may  be  calculated  by  a  proper 
application  of  the  principles  of  Plane  Sailing  to  the  sailing  on  a  sphencal 
surface ;  to  do  which,  the  surface  of  the  globe  may  be  supposed  to  be  di- 
vided into  an  indefinite  number  of  small  surfaces,  as  square  miles,  furlongs, 
yards,  kc.  which  on  account  of  their  smallness,  in  comparison  with  £be 
whole  surface  of  the  earth,  may  be  esteemed  as  plane  surfaces,  and  the  dif- 
ference of  latitude  and  departure  (or  meridian  distance)*made  in  sailing  over 
each  of  these  surfaces,  may  be  calculated  by  the  common  rules  of  Plane 
Sailing,  and  by  summing  up  all  the  differences  of  latitude  and  departures 
made  on  these  different  planes,  we  shall  obtain  the  whole  difference  of  lati- 
tude and  departure  nearly.*  Now,  by  Case  I.  of  Plane  Sailing,  the  distance 
described  on  any  one  of  these  small  surfaces  is  to  the  corresponding  differ- 
tmce  of  latitude  as  radius  is  to  the  co-sine  of  the  course,  and  as  the  course  is 

'  A  ht;  error  arisiiu^  from  this  supposition  will  be  decreased  by  increasing  the  onmber  of  Ibe  plan^b,  a 
iljat,  1^  increakijig  the  number  laoeBiiiielyJhe  error  may  be  made  less  than  any  assignable  qtiAntif^*. 

»/' 
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The  same  on  all  these  surfaces,  it  follows  that  the  sum  of  all  the  distances 
described  thereon  is  to  the  sum  of  the  correspondinj^  difTor^nctts  of  latitude 
as  radius  is  to  the  co-sine  of  the  course ;  that  is,  the  whoh;  distance  sailed  ot\ 
the  globe  is  to  the  corresponding  difference  of  latitude  as  radius  is  to  the  co- 
sine of  the  course.  In  a  similar  manner  it  appears,  that  the  distance  di*- 
scribed  on  the  globe  is  to  the  sum  of  all  the  corresponding  departures  (or 
meridian  distances)  described  on  these  different  surfaces,  as  radius  is  to  the 
sine  of  the  course.  So  that  the  canons  for  calculating  the  whole  difference 
of  latitude  and  departure  from  the  course  and  distance  are  the  same,  whe- 
ther the  earth  be  esteemed  as  an  extended  plane  or  a  spherical  surface,  and 
the  same  is  to  be  observed  with  respect  to  the  other  cases  of  Plane  Sailing. 

We  shall,  therefore,  in  all  the  calculations  of  sailing  on  the  spherical  sur- 
face of  the  earth,  in  which  the  course,  distance,  dim^rence  of  latitude  and 
departure  occur,  make  use  of  the  canons  already  taught  in  Plane  Sailing,  and 
shall  construct  the  schemes  exactly  in  the  same  manner.  The  only  addi- 
tional calculation  in  sailing  on  a  spherical  surface  consists  in  determining  the 
longitude  from  the  departure :  for  in  sailing  on  a  plane,  the  departure  and 
longitude  are  the  same,  but  in  sailing  on  a  spherical  surfaci*,  the  whole  depar^ 
ture  (m  toas  observed  above)  is  equal  to  the  sum  of  all  the  mendUm  distances 
made  in,  sailing  over  the  indefinite  number  of  small  surfaces,  into  which  we  have 
Sfupposed  the  spherical  surface  to  6c  divided,  and  the  whole  difftrcnce  of  longitude 
corresponding  is  equal  to  the  sum  of  all  the  differences  of  lofit^ititde,  deduced  from 

'      '   "  by  Theorem  IV.  of  Parallel  Sailing.* 


each  of  these  small  meridian  distances 

Several  methods  have  been  nroposed  for  abridging  the  calculation  of  the  dif- 
ference of  longitude  from  the  departure,  the  most  noted  of  which  are  tiiosc 
known  bv  the  names  of  Middle  iMtitude  Sailing  and  Mercator^s  Sailing,  the 
latter  (which  will  be  hereafter  explained)  is  perfectly  accurate,!  the  former  is 
only  an  approximation,  but  it  is  very  much  used  in  calculating  siiort  runs  and 
days  works,  but  In  calculating  large  distances  across  d's^ant  parallels  it  is  lia- 
ble to  error.  The  principle  on  which  the  calculations  of  Middle  Latitude 
Sailing  is  founded,  is  this : — ^Instead  of  calculating  the  difference  of  longitude 
corresponding  to  the  departure  made  on  each  of  the  small  ^mrfaces,  into 
which  we  have  supposed  the  sphere  to  be  divided,  and  adding  them  together, 
the  whole  departure  (or  sum  of  the  meridian  distances)  is  calculated,  and 
the  longitude  deduced  therefrom  bv  the  rules  of  Parallel  Sailing,  using  for 
tlie  latitude  the  arithmetical  mean  between  the  latitude  sailed  from  and  that 
arrived  to.  On  this  supposition,  we  have  the  two  first  of  tlie  following  theo- 
rems for  calculating  the  departure  from  the*  difference  of  longitude,  or  the 
difference  of  longitude  from  the  departure,  which  are  tlie  same  as  Theo.  III. 
and  IV.  of  Parallel  Sailing,  except  in  Writing  departure  for  distance,  and 
middle  latitude  for  latitude :  the  other  theorems  are  easily  obtained  by  com- 
bining the  two  first  with  the  common  theorems  of  Plane  S. tiling:  observing 
that  the  Middle  'Latitude  is  half  the  sum  of  the  tioo  latitudes,  if  they  are  of  the 
same  name^  or  half  their  difference  if  of  contrary  names, 

THEOREM  I. 

As  radius  is  to  the  co-sine  of  the  middle  kuitude,  so  is  the  difference  of  longi- 
tude to  the  departure. 

THEOREM  IL 

As  the  eo-sine  of  the  middle  latitude  is  to  the  radiuSy  so  is  the  departure  to  the 
difference  of  longitude. 

Now  by  case  I.  of  Plane  Sailing,  the  ridius  is  to  the  sine  of  the  course,  as 
the  distance  sailed  is  to  the  departure,  and,  if  we  combine  this  analogy  with 
Theorem  II.  we  shall  have, 

*  Uiiog  (in  ettimatinf  the  dflference  of  longitude  correspondlof  to  each  of  theM  sauJl  meridlaD  dli- 
tonevs)  the  latitude  comtfooAing  to  the  mitkUe  poiDt  of  tbe  .surfiice  on  which  thcavbtnull  iMfftfiau 
distnnoet  are  nspectirtiy  made. 

t  This  \g  true  la  theorr,  and  would  be  to  in  practice,  if  tbe  meridional  dlfferenee  of  latitude  In  TtMe 
in.  were  given  lo  a  ninaem  number  of  dtchiiali,  but  beln|r  only  given  to  tbe  nearect  mile  or  minute, 
(be  error  ariting  from  this  cauee,  when  the  difference  of  latitude  la  aaiaa,  if  greater  tlian  th^  error  in 
middle  latitude  tailing;  in  oontequence  of  this,  the  method  tJ^mWdle  latitude  babnoetexelutlvelv  ufcd  ia 
the  commoa  opentiont  on  ihipboard.  > 


as 


MIDDLE  LATITUDE  SAILING. 


THEOREM  III. 

As  the  cosine  of  the  middle  latitude  is  to  the  sine  of  the  course,  so  is  the  dls^ 
fance  sailed  to  the  difference  of  longitude. 

By  Case  II.  of  Plane  Sailing,  we  have  this  analogy;  as  radius  is  to  th<H 
tangent  of  the  course,  so  is  the  difference  of  latitude  to  the  departure ;  by 
combining  this  with  Theorem  II.  we  have 

THEOREM  IV. 
As  the  cosine  of  the  middle  latitude  is  to  the  tangent  of  the  course,  so  is  the 
difference  ofleUitude  to  the  difference  of  longitude. 
Whence  we  easily  deduce  tlie  following, 

theoAem  v. 

As  the  difference  of  latitude  is  to  the  difference  of  longitude,  so  is  the  cosine 
of  the  mid(Ue  latitude  to  the  tangent  of  the  course. 

By  means  of  the  prececling  theorems  we  have  formed  the  following  Table, 
which  contains  all  the  rules  necessary  for  solving  the  various  cases  of  Middle 
Latitude  Sailing. 

MIDDLE  LATITUDE  SAILING. 


Case. 

Given. 

.sought 

SOLUTION. 

1 

Botii  UUtode.- 

and 

Longitude. 

Dqiarture. 
Course. 

Distance. 

Rad. :  Diir.  Long. : :  Go- sine  Mid.  Lat :  Dep. 

C  Diff.  Lat :  Rad. :  :  Dep. :  Tang.  Course. 

\  Diff.  Lat :  Diff.  Long. : :  Cos.  Mid.  Lai. :  Tang.  Course. 

5  Rati. :  mff.  Lat. : :  Secant  Couiw  :  Distance. 

(  Sine  Courfte :  Depart. : :  Itad. :  Distance. 

S 

Ooth  Latitudes 

and 

Departure. 

Course. 
Distance. 
Uiff.  Long. 

Diff.  Lat. .  Rad. : :  Dep. :  Tang.  Course. 

8lnc  Course  :  Dep. : :  Rad. :  Distance. 

Ou  sine  Mid.  Lat :  Dep. : :  Rad. :  Diff.  Long 

3 

One  Latitude, 

Course  and 

Pistance. 

DUKLat 

Departure. 
Diff.  Long. 

Rad. :  Dist. :  :  Co-fine  Coorae  :  Diff.  Lat. 

Hence  the  other  Latitude  and  Middle  LaUtude  are  found. 

Rad. :  Dist. : :  Sine  Course  :  Departure. 

5  Co-Sine  MM.  Lat :  Dep. : :  Rad. :  Diff.  Long. 

{  Co-SinoHid.  Lat :  Sine  Course  : :  Dist. :  lAff.  Long. 

1 
4 

Both  Latitudes 
and  Course. 

Departure. 
Dtotanob 

OlflT.  Long. 

Rad. :  Diff.  Lat ; :  Taiig.  Course  :  Departure. 

Codeine  Coarse  :  Diff.  Lat : :  Rad. :  Distancew 

5  Co-sine  Mid.  Ut. :  Dep. : :  Kad. :  Diff.  Long. 

i  Cos.  Mid.  Lat. :  Tang.  Course  : :  Diff.  Ut :  Diff.  Long. 

5 

Doth  LaUiudes 
and  Dbtance. 

Course. 
Departure. 
DidTLong 

DUt :  Rad. :  :  Diff.  Lat :  Co-sine  Course. 
Rad. :  Dist : :  Sine  Course  :  Departure. 
Conine  Mid.  Lat :  Dep. : :  Rad. :  Diff.  Long. 

6 

One  UHtude, 
Oaurseand 

Diir.Lat. 

Distance. 
DiflT.  Long. 

Rad. :  Dep. : :  Co^tang.  Course  :  Diff.  Lat 

Sine  Course  ;  Departure  : :  Rad. :  Distance. 
Go-sine  Mid.  Ut :  Dep. : :  Rad. :  Diff.  Long. 

7 

One  Uuitnde, 
Distance  and 
Departure. 

Course. 
DUTLat 

DIff.Long. 

Dist :  Rad. : :  Dep. :  Sine  Coarse. 

Rad. :  Dist : :  Co*«ine  Course :  Diff.  Ut    Hence  we  obtain  the  other 

latitude  and  middle  latitude. 
bcHrine  Mid.  Ut :  Dep. : :  Rad. :  Diff.  Long. 

We  shall  now  proceed  to  illustrate  these  rules,  by  working  an  example  in 
every  case. 

CASE  L 
The  latitudes  and  longitudes  of  two  places  given,  to  find  their  hearing  aftd 

distance. 


Required  the  bearing  and  distance  between  Cape  Cod  light-house,  in  the 
„iitude  of  4£0  5'  N.  lonritude  70°  4'  W.  and  the  island  of  St.  Marj,  (one  of 
the  Western  Islands)  in  the  latitude  of  36^  59'  N.  and  longitude  25^  lo'  W. 


Iatitu< 


Cape  Cod's  lat. 
SI.  Mary's  lat. 

Diff.  lat. 

42°    6'N. 
36    59  N. 

5      6 
60 

306 

4^    6' 
36    59 

Siun  79      4 

Long.  70O    4'W. 
Long.  25    10  W. 

44    54 
60 

Diff.loi^    2694  mUes. 

Digitized  by  V^OU^i^ 

In  miles 

Mid.  lat.  39    32 

MIDDLE  LATITUDE  SAILI^O. 
BY  PROJECTION. 


J^>9 


Chyoe 


jS^Jitajy- 


Draw  the  east  and  west  line. DC,  with  the  chord  of  60°  describe  the  arch 
QS  aboat  the  centre  D,  to  cut  DC  in  Q ;  upon  this  arch,  set  off,  from  Q  to 
8,  the  middle  latitude  39^  3*';  through  D  and  S  draw  the  line  DB,  which 
make  equal  to  the  difference  of  longitude  2694  miles;  from  B  let  fall  upon 
DC  the  perpendicular  BC,  which  continue  towards  A  making  AC  equal  to 
the  difference  of  latitude  506  miles  ;♦  join  AD,  and  it  is  done.  For  by  this 
method  of  construction,  on  the  principles  before  explained,  A  will  be  the  si- 
tuation of  Cape  Cod,  D  the  situation  of  St.  Mary;  CD  will  be  the  departure, 
which  beiog  measured  will  be  found  to  be  2078  miles ;  the  distance  will  be 
represented  by  AD,  which  being  measured  will  be  found  to  be  a099  miles, 
and  the  course  from  Cape  Cod  to  St.  Mary,  will  be  represented  by  the  angle 
*  CAD=8lo  37';  therefore  the  course  will  be  S.  8lo  37'  E.  or  E.  }  S.  nearly. 
Note.  The  course  is  put  S.  81°  37'  E.  because  St.  Mary  being  in  a  less 
northern  latitude  than  Cape  Cod,  is  to  the  southward  of  it;  it  is  also  to  the 
eastward  of  Cape  Cod,  because  it  is  in  a  less  western  longitude. 


BY  LOGARITHMS. 


To  fod  the  departure  (by  Theorem  I.) 
As  r»diiifl  90°  10.00000 

Is  to  diff.  of  long.  2694  3.43040 

Se  if  co-sine  mid.  lat  39""  32'  9.8S720 


To  the  departure  2078 


2.4857* 

10.00000 

3.31760 


To  find  the  distance. 
As  radius  90° 
UtothediCoflat.  306 
So  is  sec  of  course  81°  37' 


3.31760 


10.00000 
2.48572 
10.83626 


To  (he  distance  2099  3.32198 

Note.  The  log.  of  the  deparlhre  above 
found  3.31760  is  rather  less  than  the  log.  of 
^i07d=:3.3l765 ;  but  in  finding  the  course  by 
the  departure,  1  have  used  the  quantity  found 
It  the  first  operation,  and  shall  do  the  same 
in  ail  fiftnre  calculations. 


To  find  th^  course. 
Asdifi*.  oflat.  306 
Is  to  radius  45^ 
So  is  the  departure  2078 

To  tang,  of  course  81°  37'  10.83188 

NoTR.  The  course  may  be  found  without 
the  departure,  by  Theo.  Y.  Middle  Latitude 
Sailing. 

As  the  difi:  of  lat.  306  2.48572 

Is  to  the  diff.  of  long.  2694  3.43040 

So  is  co-sue  mid.  lat.  39°  32'  9.88720 


To  tang,  of  course  Sr  37' 


13.31760 
2.48572 

10.83188 


BY  GUNTER. 

Extend  from  the  radius  or  90^*  to  50°  £8'  the  complement  of  the  middle 
latitade,  on  the  line  of  sines;  that  extent  will  reach  from  the  difference  of 
kmgitude  2694,  to  the  departure  £078,  on  the  line  of  numbers. 

S^.    Extend  from  the  difference  of  latitude  906,  to  the  departure  £078, 

*  If  tte  pisee  A  be  to  the  soadnranl  of  D,  the  line  AC  should  bt  wt  off  upon  the  line  CB,  fnto  O 

LJiyiuzeu  uy  ■%_j  v^ v_>' pt  i^^ 
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-tm  the  line  of  numbers;  that  extent  will  reach  from  radius  or  45^,  to  the 
course  81°  37'  on  the  line  of  tangents. 

3dly.  Extend  from  the  course  81°  37'  to  the  radius  90°  on  the  line  of  sines, 
that  extent  will  reach  from  the  departure  S1078  to  the  distance  £089  miles 
en  the  line  of  numbers. 

BY  INSPECTION. 

Rule.  Look  for  the  middle  latitude,  as  if  it  was  a  course  in  Plane  Sailing, 
qnd  the  difference  of  longitude  in  the  distance  column,  opposite  to  which,  in 
ihe  column  of  latitude,  will  stand  the  departure ;  having  the  difference  of 
latitude  and  departure,  the  course  and  distance  are  found  (as  in  Case  VI. 
Plane  Sailing)  by  seeking  in  Tab.  II.  with  the  difference  of  latitude  and  de- 
parture, untSl  they  are  found  to  apree  in  their  respective  cdlunms ;  opposite 
to  them  will  be  found  the  distance  m  its  column,  and  the  course  will  be  found 
4iat  the  top  of  that  table,  if  the  departure  be  leas  than  the  difference  of  latitude, 
otherwise  at  the  bottom. 

Thus  with  one  tenth  of  the  difference  of  longitude  269.4  or  269,  I  enter  Ta- 
ble II.  and  opposite  to  it,  in  the  distance  column  of  the  Tables  of  39^  and  40^, 
I  find  209.1  and  206.1  in  the  latitude  column;  now  the  middle  latitude  being 
nearly  d9i|^,  I  take  the  mean  of  these,  207.6  for  the  departure,  which  being 
multiplied  by  10,  gives  the  whole  departure  2076.  Again,  I  enter  Table  I,  with 
one  tenth  of  the  departure  207.6,  and  one  tenth  of  the  difference  of  latitude  30.6 
and  find  that  they  agree  nearly  to  a  course  of  7^  points,  and  a  distance  of  210, 
which  multiplied  by  10,  gives  the  sought  distance  2100  miles  nearly. 

CASE  IL    ' 
Both  latitudes  a$id  departure  from  the  meridian  given^  to  jmd  ike  course,  dis- 
tame,  and  difference  of  longitude. 

A  ship  in  the  latitude  of  49^  57'  N.  and  longitude  of  1 5^  16'  W.  sails  south- 
westerly till  her  departure  is  789  miles,  and  latitude  in  39^  20'  N.  Required 
the  course,  distance  and  longitude  in  ? 


Latitude  left 
Latitude  in 

49®  67'  N. 
39    80  N. 

Diff*.  of  lat. 

10    37=637  mil^s^ 

Sum  ef  lata. 
Middle  lat. 

79    17 

44    38 

BY  PROJECTION. 
Draw  the  meridian  ACD,  on  which  take  AC 
equal  to  the  difference  of  latitude  637  miles ; 
draw  CB  perpendicular  to  AC,  and  make  it 
equal  to  the  departure  789  miles;  about  B  as  a 
centre  describe  an  arch  ah,  on  which  set  off*  the 
middle  latitude  44^  38';  through  B  and  b  draw 
the  line  BD,  meeting  ACD  in  D ;  join  AB  and 
it  is  done;  for  AB  will  be  the  distance  sailed, 
which  being  measured  will  be  founds:  1014 
miles ;  BD  will  be  the  difi*erence  of  longitude 
=:1109  miles,  and  the  angle  CAB  will  repre- 
sent the  course  from  the  meridian  51  o  5'. 

BY  LOGARITHMS. 


2.80414 

10.00000 

8.89708 


To  find  the  course. 
Aflthedifi*.  of  lat  637 
l9  to  radius  ASP 
fio  V  the  departure  789 

7#  tang,  course  51^  5' 

*  •    To  find  the  difference  af  longitude. 
As  co-fline  mid.  latitude  44"^  2Sf        9.85225 

2.89708 
10.00000 


Is  to  the  departure  789 
So  is  ndius  90<^ 

TodiC  oflonf.  1109 


^64483 


To  find  the  distance. 
As  sine  course  51°  5' 
Is  to  the  departure  789 
So  is  radius  90° 


10.09294  To  the  distance  1014 


Longitude  sailed  from 
Difi:  Long.  1109  miles 

Longitude  In 


9.89101 

2.89708 

lO.OOOOO 

3.0p607 

15°  16' W. 
18    29  W. 
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1st.  l*he  extent  from  the  difference  of  latitude  eS7  to  the  departure  7a9^ 
on  the  line  of  numbers,  will  reach  from  radius,  or  45^,  to  the  course  (^l^  5'  on 
the  line  of  tangents. 

2dly.  The  extent  from  51°  5'  to  radius,  or  90^,  on  the  line  of  sines,  will 
reach  from  the  departure  789,  to  the  distance  1014  on  the  line  of  numbers. 

Sdly.  The  extent  from  the  complement  of  middle  latitude  45*^  2£',  to  ra- 
dius, or  90^,  on  the  line  of  sines,  will  reach  from  the  departure  789  to  the 
difference  of  longitude  1109  on  the  line  of  numbers. 

BY  INSPECTION. 

Rnus.  With  the  difference  of  latitude  and  departure,  find  tiie  course  and 
distance  (as  in  Case  VI.  of  Plane  Sailing)  by  seeking  in  Tab.  II.  until  the  dif- 
ference of  latitude  and  departure  are  found  to  correspond,  against  which  in 
the  distance  column  will  be  the  distance ;  and  if  the  departure  be  less  than 
the  d^erence  of  latitude,  the  course  will  be  found  at  the  top  of  that  table, 
otherwise  at  the  bottom. 

Then  take  the  middle  latitude  as  a  course,  and  find  the  departure  in  the 
latitude  column,  the  number  corresponding  in  the  distance  column  will  be 
the  difllerence  of  longitude. 

In  the  present  example,  I  take  one  tenth  of  the  difference  of  latitude  6S7, 
and  the  departure  789 ;  that  is  63,7  and  78,9  the  nearest  numbers  to  these 
are  63,6  and  78,5,  standing  together  over  51^,  against  the  distance  101, 
which  beii^  multinlied  by  10  gives  1010 ;  whence  Sie  course  by  inspection 
is  S.  51°  W.  and  the  distance  1010,  Then  I  take  one  tenth  of  the  departure, 
78,9  and  seek  it  in  the  column  of  latitude  of  45^  (which  is  the  nearest  to  the 
middle  latitude  44°  S8'),  the  nearest  number  I  find  is  79.2,  opposite  which  in 
the  distance  column  stands  112,  which  being  multiplied  by  10  gives  1120  for 
the  difference  of  longitude ;  this  value  differs  a  little  from  that  found  by  lo- 
l^arithms,  owing  to  ibe  miles  of  middle  latitude  neglected,  for  if  we  were 
also  to  find  the  difference  of  longitude  for  the  middle  latitude  44°  and  pro^ 
portion  for  the  minutes,  the  result  would  come  out  nearly  the  same  as  by 
logarithms. 


CASE  III. 

One  latitude,  course  and  dutanee  given,  to  find  tlu  difference  of  latititde  and 
difference  of  longitude. 

A  ship  in  the  latitude  of  42°  30'  N.  and  longitude   JL  \ 
58°  51'  W.  sails  S.  E.  by  S.  591  miles.     Required  the     ^  -**- 
latitude  and  longitude  in  ? 

BY  PROJECTION.  ^ 

Draw  the  meridian  ADE  (as  in  case  I.  Plane  Sailing)  .^ 
upon  A  as  a  centre  describe  an  arch  with  the  chord  of  ^ 
60°,  and  upon  it  set  off",  from  where  it  cuts  AD,  the  ^ 
course  8.  E.  by  S.  or  8  points,  through  that  point  of  ^ 
the  arch,  and  the  point  A  draw  the  line  AC,  which 
make  equal  to  the  distance  591  miles ;  from  C  let  fall 
apon  AD  the  perpendicular  CD ;  then  will  CD  be  the  j^ 
departure  328  miles,  and  AD  the  difference  of  latitude 
491  miles.    Hence  we  obtain  the  latitude  arrived  at, 
aikl  the  middle  latitude ;  draw  the  line  CE  making  an 
angle  with  DC  of  38°  24'=sthe  middle  latitude;  and 
the  distance  CE  will  be  the  difference  of  longitude  419  ^ 
Diiies,  heiice  the  longitude  in  is  obtained. 
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To  find  the  difference  of 
A3  radius  S  pts. 
Is  to  the  distance  591 
So  is  co-sine  course  3  pts. 
Tothediff.  of  lat  491.4 
Latitude  left        42O30'N. 


BY  LOGARITHMS. 

latitude.  To  find  the  departure* 

lO.OOOOOiAs  radius  6  pts.  10.00000 

2.771^  Is  to  the  distance  591  2.77159 

9.91 985  So  is  sine  course  3  pts.  9.74474 


Diff.  of  lat. 
Latitude  in 
Sum  of  lats. 
Middle  lat 
Long,  left 


8   li  S. 


2.69l44|To  the  departure  328.3  2.51633 

To  find  diff.  long,  with  departure. 


34  19  N. 
76  49 
38  24 

^.  ._  5S0  51'W. 

Diff.  of  long.  419=6   59  E. 

Longitude  in         51   52  W. 


As  co-sine  mid.  lat.  38^  24' 
Is  to  the  departure  328.3* 
So  is  radius  90^ 

To  diff.  of  lon^4l9  miles 

Without  the  departure. 
As  co>sine  mid.  lat.  .38^  24'  ar.  co. 
Is  to^sine  course  3  pts. 
So  is  distance  591 


9.89415 

2.51633 

10.00000 

2.62218 

0.10585 
9.74474 
2.77159 

2.62218 


To  diff.  of  long.  419  miles 

BY  GUNTER. 

Ist.  The  extent  from  radius  8  points  to  the  complement  of  the  course  5 
points  on  the  line  marked  SR,  will  reach  from  the  distance  591  to  the  differ- 
ence of  latitude  491  on  the  line  of  numbers. 

2dly.  The  extent  from  radius  8  points  to  the  course  3  points  on  the  line  SR, 
will  reach  from  the  distance  591  to  the  departure  328  on  the  line  of  numbers. 

Sdly.  The  extent  from  the  complement  of  middle  latitude  51®  36'  to  ra- 
dius 90^  on  the  line  of  sines,  will  reach /rom  the  departure  3S8  to  the  differ- 
ence of  longitude  419  on  the  line  of  numbers. 

BY  INSPECTION. 

Rule.  With  the  course  and  distance  find  the  difference  of  latitude  and 
departure  (as  in  Case  I.  of  Plane  Sailing)  by  finding  the  given  course  at  the 
top  or  bottom  of  the  Tables,  either  among  the  points  or  degrees ;  in  that  page 
and  opposite  the  distance  taken  in  its  column,  will  stand  the  difference  of , 
latitude  and  departure  in  their  columns.  Then  take  the  middle  latitude  as 
a  course  and  find  t^e  departure  in  the  latitude  column,  against  it,  in  the  dis- 
tance column  will  stand  the  difference  of  longitude.  # 

Thus,  under  the  course  three  points,  or  S.  E.  by  S.  and  against  the  tenth  of 
the  distance  591=5 9,1  or  59  stand  49,1  andi  .'32,8  ;  these  multiplied  by  10  give 
491  for  the  difference  of  latitude  and  328  for  the  departure.  Now  taking 
the  middle  latitude  38^  24'  or  38^  as  a  course,  and  a  tenth  of  the  departure 
328=32,8  in  the  column  of  difference  of  latitude  (the  nearest  is  33,1)  against 
which  stands  42  in  the  distance  column ;  this  multiplied  by  10  gives  420  for 
the  difference  of  longitude  nearly. 

CASE  IV. 

B6th  latitudes  and  course  given,  to  find  the  departure^  distance  and  differente  of 

longitude. 
Suppose  a  ship  saiHng  from  a  place  in  the  latitude  of 
49°  57'  N.  and  longitude  of  30°  W.  makes  a  course 
good  of  S.  39^  W.  and  then  by  observation  is  in  the 
latitude  of  45^  31'  N. — it  is  required  to  find  the  distance 
run,  and  longitude  in? 

490  57'  N. 
45     31  N. 


Latitude  from 
Lat.  by  observation 


4     26 
60 


Diff.  lat. 

Sura  of  lats. 
Mid.  lat. 


266 


95^28' 
47    44 


•  The  loKRriihm  of  the  departure  was  found  by  the  preceding  canon  to  l^fiiMlifi^^^U^l^rlKf  Jiil@I« 
fcpni  the  ktgarlthm  of  328.3.  O 
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BY  PROJECTION. 

l>raw  the  meridian  AGD,  on  which  set  off  AC  equal  to  the  dtfienencc  of 
latitude  S66  miles ;  draw  CB  perpendicular  to  AC ;  draw  the  Und  AB,  m«k« 
ing  an  angle  equal  to  the  cofurse  39^  with  AC,  and  meeting  BC  in  B ;  through 
B  draw  BD,  making  an  angle  equal  to  the  middle  latitude  47^  44'  with  the 
line  BC, and  it  is  done;  for  AB  will  be  the  distance  342.9  noiles,  BC  the  de- 
parture 215.4  miles,  and  BD  the  difference  of  longitude  3£0.8  miles. 
BY  LOGARITHMS. 

To  find  the  diff«renee  of  longitude  hj  ihe 
departare. 


To  find  the  departure. 
As  radius  45^ 
|»tothe  diff.  oflat  266 
Sa  is  tang,  course  39^ 

To  the  departure  215.4 

To  find  the  distance. 
As  co-sine  of  the  coarse  39^ 
It  to  the  diff.  oflat  266 
So  is  radius  90^ 


10.00000 
2.42488  As  co-sioe  mid.  latl  47<^  44' 
9.90S37  Is  to  the  dephrture  215.4 
So  is  radius  90^ 


2.33325 


To  the  diff.  of  long.  320.3 


7a  (he  distance  342.3 

To  find  the  longitude  in. 
Longitude  sailed  from  30^   O' W. 

Piff.  long.  320  miles  or  5   20  W. 

I!:ong(tud0  in  35    20 


9.827?i» 

S,3332S 

lO.OOOOQ 

2.50550 


9.89050  The  diff.  of  long,  may  be  found  without  the 
2.42488     departure,  hj  Theo  IV.  mid.  lal.  sHiUng, 
10.00000     thus: 

A3  co-sine  mid.  lat,  47°  44'  9.8277$ 

2.53438  Is  to  tang,  of  course  39^  9.90837 

So  is  the  diff.  of  lat.  266  2.42489 


12.333^5 
9.837715 

j;5OS50 


To  the  diff.  of  long.  320.3 

BY  GUNTER. 

l«t.  The  extent  from  radius  45^  to  the  course  39*^  on  the  line  of  tangents,  wUl  rciatii 
from  the  difference  of  lat  266  to  the  departure  215.4  on  the  line  of  numbers. 

Sdly.  The  extent  from  the  complement  of  the  course  51^  to  the  radius  90^  on  the  line 
of  sines,  will  reach  from  the  difference  of  latitude  266  to  the  distance  342.3  on  the  Ghe 
^f  numbers. 

Bdly.  The  extent  from  the  complement  of  the  middle  latitude  42^  l6^  to  imdnis  90^  Hn 
the  line  of  sines,  will  reach  from  the  departure  215.4  to  the  difference  of  longitude  320:3 
On  the  line  of  oinnbers. 

BY  INSPECTION. 

Find  the  course  among  the  points  or  dej^rees  (in  Tab.  I.  or  11.  as  in  Cajse 
11.  Plane  Sailing)  and  the  difference  of  latitude  in  its  column,  against  which 
will  stand  the  distance  and  departure  in  their  columns;  then  take  the  middle 
fatitude  as  a  course,  and  find  the  departure  in  the  latitude  column,  agaid^it 
nv'hich,  in  the  distance  column,  will  stand  the  difference  of  longitude. 

Thus,  with  the  eourse  99^,  and  half  the  difference  of  latitude  133,  I  enter 
Table  II.  the  nearest  number  in  the  table  is  132.9,  which  corresponds  to  Uie 
distance  171,  and  to  the  departure  107.6 ;  these  doubled  give  the  distance  9-1^^, 
and  the  departure  £1&,£  miles. 

Then  with  the  mid.  lat.  47^  44'  or  48^  as  a  course, 
I  enter  Table  II.  and  seek  for  half  the  departure 
107.6  in  the  lat.  col.  the  nearest  number  "to  which  is 
107.7,  which  corresponds  to  the  distance  161 ;  this 
doubled  gives  the  diff.  of  long.  322  miles  neariy. 

CASE   V. 

B(nh  latitudes  and  diatanee  given,  to  find  the  oo/wrse^ 

departure^  and  difference  of  longitude. 

Suppose  a  ship  sails  300  miles  north-westerly,  from 
a  place  in  the  latitude  of  37^  N.  and  the  longitude 

of  S20  16'  W.  until  she  is  in  the  latitude  of  41°  N 

required  her  course  and  longitude  in  ? 

Latitude  tell  37^   0' N.  37=>  0*  N. 

IJatitvdein    41     0  41     0 


l)i«:  lat. 


4      t 
60 

240 


Sum 
Mid.  lat. 


78 
39 
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To  find  the  course. 

As  the  distance  300 

2.47712 

Is  to  radius  90"^ 

10.00000 

Sip  is  diff.  lat.  240 

2.38021 

To  co-sine  conne  36^  52^ 

9.90309 

To  find  the  departure. 

As  radius  90^ 

10.00000 

Is  to  the  distance  300 

2.47712 

So  is  sine  course  36^52' 

9.77312 

2.25524 

BY  PROJECTION. 

Draw  the  meridian  AGD,  on  which  aet  off  DC  equal  to  the  difference  of 
latitude  240  miles;  draw  the  line  CB  perpendicular  to  DC ;  take  the  dis^ 
tance  900  in  your  compasses,  and  with  one  foot  in  D,  as  a  centre,  sweep  an 
arch  cutting  CB  in  B ;  join  DB ;  make  the  angle  CBA  equal  to  the  middle 
latitude  390  and  draw  BA  cutting  DC  A  in  A,  and  it  is  done ;  for  BC  will  be 
the  departure  180  miles,  BA  the  difference  of  longitude  £31.6  miles,  and  the 
angle  BDC  will  represent  the  angle  of  the  ship's  course  with  the  meridian, 
which  will  therefore  be  N.  360  b$L'  W. 

BY  LOGARITHMS. 

To  find  the  difference  of  longitude  by  the 

departuie. 
As  co-sine  mid.  lat.  39°  9.89050 

Is  to  the  departure  ISO.O  *2.25524 

So  is  radius  90^  10.00000 

To  diff.  of  long.  231.6  2.36474 

To  find  the  longitude  in. 
Longitude  left  32<^  16'  W. 

Diff.  of  long.  3    52  W. 

Longitude  in  36      8  W, 

BY  GUNTER. 

1st  The  extent  from  the  distance  300  to  the  difference  of  latitude  240  on 
the  line  of  numbers,  will  reach  from  radius  90^^  to  the  complement  of  the 
courae=58^  8',  on  the  line  of  sines. 

adly.  The  extent  from  radius  9(P  to  the  course  36°  52'  on  the  line  of  sineS, 

will  reach  from  the  distance  300  to  the  departure  180  on  the  line  of  numbers. 

3dly.  The  extent  from  the  complement  of  the  middle  latitude  51^  to  the 

Kadius  90O  on  the  line  of  sines,  will  reach  from  the  departure  180  to  the 

difference.of  longitude  Sdi.O  on  the  line  of  numbers. 

BY  INSPECTION. 

iSind  the  course  (as  in  Case  IV.  Plane  Sailing)  by  seeking  in  Table  II.  till 
against  the  distance  taken  in  its  column,  is  found  the  difference  of  latitude  in 
one  of  the  following  columns;  adjoining  to  it  will  stand  the  departure; 
which  if  less  than  the  difference  of  latitude,  the  course  is  to  be  found  at  the 
top  of  the  Table,  but  if  greater,  at  the  bottom ;  then  take  the  middle  latitude 
as  a  course,  and  find  the  departure  in  the  column  of  difference  of  latitude, 
against  which,  in  the  distance  column,  will  stand  the  difference  of  longitude. 

Thus  the  distance  300,  and  the  difference  of  latitude  £40,  are  found  to  cor- 
respond nearly  to  a  course  of  37^,  and  a  departure  of  180.5 :  then  taking 
the  middle  latitude  39^  as  a  course,  I  seek  the  departure  180.5  in  the  latitude 
eolumn,  corresponding  to  which,  in  the  distance  column,  is  the  difference  of 
longitude  232. 

CASE  VL 
'  One  latihide,  cmtrse,  and  departure  given^  to  find  the 

difference  of  latitude,  distance^  and  difference  of  Ion-    \ 

gtiude,  Af>>, 

,,  A  ship  in  the  latitude  of  50^  lO'  S.  and  longitude  of  30°  OO' 
'£•  saila  E.  S.  £.  until  her  departure  is  957  miles ;  required 
her  diftance  sailed,  and  latitude  and  longitude  in  7  f;^  - 

BY  PROJECTION. 

Draw  the  meridian  ACD,  and  parallel  thereto  at  a  distance^ 
equal  to  the  departure  957  miles,  draw  the  line  £B ;  make*/* 
the  ang^  CAB  equal  to  the  course  6  points,  and  draw  AB  ^4 
meetii^  EB  in  B ;  from  B  let  fall  upon  AD  the  perpendicular^ 
BG ;  then  will  AC  be  the  difference  of  latitude  396.4  miles, 
and  AB  the  distance  sailed  1036  miles ;  having  thus  obtained 
die  middle  latitude  53°  23^,  make  the  angle  CBD  equal  there- 
tOy  and  draw  BD  meeting  ACD  in  D  -,  then  will  BD  be  the 
difoenee  of  longitude  1608  miles.  xy 

*  Thli  lofultfain,  by  Uio  preceedior  operation,  was  found  equal  to  2.25224,  differing  a  liule  from  ilie 
logirfthm  of  1M0. 
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BY  LOGARITHMS, 


To  find  the  difif.  of  latitade. 


As  mdius  4  points 

Js  to  die  departure  957 

&)  is  co-tang,  coune  6  points 

TotfaediCoflat.  396,4 

Latitude  left 

Difil  of  lat.  396  miles 

Latitude  in 

Sum  of  latitudes 

Middle  latitude 


10.00000  As  tine  course  6  points 


2.98091 
9.61722 


2.59813 

SOOlO'S. 

6    36  S. 


56    46  S. 
106    56 

53    38 
Longitude  left 
Diff*.  of  long.  1608 
Long,  in 


To  find  the  distance. 


Is  to  the  departure  957 
So  is  radius  8  points 
To  the  distance  1036 


9.9656» 

2.98091 

lO.OOOOQ 


To  find  the  diff.  of  longitude. 


3.015S9 


As  co-sine  mid.  lat.  53^  28^ 
Is  to  the  departure  957 
So  is  radius  90° 
To  the  diff.  of  long.  16013 

30*^  00'  E. 

26    48  £. 


9.77473 

8.98091 

10.00000 

3.20618 


56    48  £. 
BY  GUNTER. 

1st.  The  extent  from  tbe  course  6  points  to  the  radius  4  points,  on  the 
line  marked  TR,  wiM  reach  from  the  departure  967,  to  the  difference  of 
latitude  396,4  on  the  line  of  numbers. 

2dly.  The  extent  from  6  points  to  the  radius  or  8  points,  on  the  line 
marked  SR,  will  reach  from  the  departure  957,  to  the  distance  1036,  on  the 
line  of  numbers. 

8dlj.    The  extent  from  the  complement  of  tlie  middle  latitude  36°  32'  tb 
the  radius  90^,  on  the  sines,  will  reach  from  the  departure  057,  to,  the  differ- 
ence of  longitude  1608,  on  the  line  of  numbers. 
BY  INSPECTION. 

Find  the  course  among  the  points  or  degrees,  Tab.  I.  or  Tab.  IL  (as  in 
Case  IIL  Plane  Sailing)  and  the  departure  in  its  column,  corresponding  to 
which,  in  the  columns  of  distance  and  difference  of  latitude,  will  be  found 
tlie  distance  and  difference  of  latitude  respectively  ;  then  with  the  middle 
latitude  as  a  course,  seek  the  departure  in  the  column  of  latitude,  correspond- 
ing to  which,  in  the  distance  column,  will  stand  the  difference  of  longitude. 

Thus,  1  enter  Table  I.  above  E.  S.  E.  or  6  points,  and  seek  for  one-tenth 
of  the  departure  95,7,  the  nearest  to  which  is  96,1,  and  the  corresponding 
numbers  are  104  and  39,8,  which  multiplied  by  ten  gives  the  distanee  1040 
and  the  difference  of  latitude  398  nearly ;  th^  middle  latitude  being  nearly 
53jO,  I  seek  in  the  Table  of  58^  for  the  distance  corresponding  to  a  tenth  of 
the  departures 95,7  and  find  it  to  be  159 ;  then  I  seek  for  the  same  number 
95,7  in  the  Table  of  54^,  and  find  the  number  corresponding  in  the  distance 
xroluznn  to  be  163,  half  the  sum  of  these  two  numbers  is  161,  which  multi- 
plied by  10  gives  the  difference  of  longitude  1610  nearly. 

CASE  VIl: 
One  latitude^  distance  sailed^  and  departure  from  the  meridian  given,  to  find  the 
course,  difference  of  latitude,  arid  difference  of  longitude. 

A  ship  m  the  latitude  of  49^  30'  N.  and  longi- 
tude of  25^  0'  W.  sails  south-easterly  645  miles 
until  her  departure  from  the  meridian  be  500 
miles  ;  required  the  course  steered,  and  the  la- 
titude and  longitude  the  ship  is  in  ? 
BY  PROJECTION. 

Draw  the  line  BD  equal  to  the  departure  500 
miles,  fuid  perpendicular  tliereto  draw  the  meri- 
dian line  ABC  ;  take  an  extent  equal  to  the  dis- 
tance 645  in  your  compasses,  and  with  one  foot 
in  D  as  a  centre,  describe  an  arch  cutting  AB  in 
A,  join  AD,  then  will  AB  be  the  difference  of 
latitude  407,5  miles,  and  BAD  the  course,  S. 
UO^  49'  E.  Hence  we  have  the  latitude  in,  and 
middle  latitude ;  make  tlie  angle  BDC  equal  to 
the  middle  latitude  and  draw  DC  cutting  ABC 
in  C,  then  DC  will  be  the  difference  of  longi- 
tude 721,1  miles. 
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BY  LOGARITHMS. 


Tofindthecoone. 

Latitude  left 

Aj  (be  diiitance  645 

3.80956 

Diff.  oflat.408 

Is  to  radius  90^ 

10.00000 

So  is  the  departure  500 

2.69S97 

Latitude  in 

To  tiuMumne  5(P  4^ 

9.88941 

Sum  of  the  latitudes 

'To  find  tlie  diflferenoe  of  Utitude. 

Middle  latitude 

Asndiua90O 

10.00000 

Is  to  the  diatance  645 

2.80956 

So  is  eo-sine  coune  5(P  49" 

9.80058 

Totbediff.oflat407.5 

2.61014 

To  find  the  diffeienoe  of  longitude. 

Longitude  left 

Airco-sinemid.  Iat46''6' 

9.84098 

Diff.  long.  721 

Is  to  the  departure  SOO 

2.69897 

Sii  is  radkis  90^ 

10.00000 

Longitude  in 

49> 

b 

4S  S, 

42 

42  fi. 

92 

46 

12 
6 

25°  OMV; 
12    I  E. 


12  a9\V> 

To  the  die  of  long.  721.1  2.85799 

BY  GUNTER. 

1st.  The  extent  from  the  distance  645,  to  the  departure  f/OO,  on  the  line 
0f  numbers,  will  reach  from  the  radius  90^,  to  the  course  50^  49*  on  tlie  line 
6f  sines. 

2dly.  The  extent  from  radius  90°,  to  the  complement  of  the  course  59^ 
11',  on  the  line  of  sines,  will  reach  from  the  distance  645  to  the  differenci 
t>f  latitude  407,5  on  the  line  of  numbers. 

.^y.  The  extent  from  the  complement  of  the  middle  latitude  43^  54', 
tt>  the  radius  90^  on  the  line  of  sines,  will  reach  from  the  departure  500,  to 
the  difTerence  of  longitude  7£1,1,  on  the  line  of  numbers. 

BY  INSPECTION. 
*  Am  in  Case  V.  Plane  Sailing,  find  the  course  by  seeking  in  Table  11.  till 
HfSaitkflt  the  distance,  in  it»  column,  is  found  the  given  departure  in  one  of  the 
following  eolumns,  adjoining  to  which  in  the  other  column  will  be  the  differ- 
ence of  latitade,  wlmdi  if  greater  than  the  departure  the  course  will  be  at  the 
thp,  but  if  less  the  oeurse  will  be  found  at  the  bottom.  Then  take  the  mid" 
die  latitude  as  a  course,  and  find  the  departure  in  the  column  of  difference  of 
latitude,  acainst  which,  in  the  distance  column,  will  be  found  the  difference 
of  longitude. 

Thus,  one-fhird  of  the  distance,  215,  and  one-third  of  the  departure,  166,7, 
are  found  nearly  to  correspond  to  a  course  of  51  degrees,  and  a  difference 
of  latitude  of  135,3,  which  multiplied  by  3  ^ves  the  sought  difference  of 
latitude  406  nearly ;  then  with  the  middle  latitude,  46<^,  as  a  course,  I  enter 
the  Table,  and  seek  for  one-fifth  of  the  departure =100,  in  the  latitude  co^ 
iumn,  the  distance  corresponding,  144,  being  multiplied  by  5  gives  the  differ-' 
en<Je  of  longitude  720  nearly. 

^  QUESTIONS  FOR  EXERCISE. 

Suestion  I.  Required  the  bearing  and  distance  between  two  places,  onr 
,  le  latitQde  of  370  55'  N.  and  longitude  of  54^  23'  W.  the  other  in  tlie 
latitude  of  Si^  gg'  N.  and  longitude  of  17©  5'  W.  ? 

Answer.    S.  80^  9'  E.  and  nI  800^9'  W.  distance  1654  miles. 

tluution  II.  Required  the  direct  course  and  distance,  from  a  place  in  the 
latitude  of  36<^  55'  S.  and  longitude  of  20^  0'  E.  to  another  place  in  the 
latitude  of  32^  38'  S.  and  longitude  of  8^  54'  W.  ? 

Antwer.    N.  79°  46'  W.  distance  1447  miles. 

Qtiesfiofi  III.  A  ship  from  the  latitude  of  37^  dO'  S.  and  longitude  of  60'^ 
E.  sails  N.  79^  56'  W.  202  miles;  required  the  latitude  and  longitude  in  ? 

Ansmr,    Latitude  36*^  55'  S.  longitude  55^  50'  E. 

Question  TV.  A  ship  from  the  latitude  of  d4<^  35'  N.  and  longitude  of 
45<^  16'  W.  sails  S.  83^  36'  E.  101  miles ;  required  her  latitude  and  lonfiritud^  1 

Af^nver.    Latitude  84^  24'  N.  longitude  43°  14'  W. 
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THE  calculations  by  Middle  Latitude  Sailing  are  sufficiently  exact  [or  a 
^hoTi  run,  or  a  day's  work,  and  are  to  be  preferred  in  all  cases  where  the 
difference  of  latitude  is  small  in  comparison  of  the  difference  of  longitude; 
but  this  method  is  liable  to  great  errors  in  calculating  the  situations  of  places 
differing  greatly  in  latitude  and  longitude,  particularly  in  high  latitudes ;  tor 
r«raedy  this  inconveniencey  a  chart  was  invented  and  published  in  the  year 
1566,  by  Gerard  Mercator,  a  Flemish  Geographer,  in  which  all  the  meri- 
diaos  are  parallel  to  each  other,  but  proportionally  lengthened  so  as  to  coiv- 
form  to  the  spherical  figure  of  the  earth.  The  principles  on  which  this  chart 
re  constructed  were  first  explained  in  the  year  1599,  by  Edward  Wright,  an 
Eagiishman,  and  are  as  follows. 

By  Theorem  II.  of  Parallel  Sailing,  the  distance  of  two  meridians  corres'^ 
ponding  to  a  decree  or  mile  of  longitude,  in  any  latitude,  is  to  the  length  of 
a  corresponding  degree  or  mile  of  the  meridian,  as  tlie  co-sine  of  the  latitude 
is  to  the  radius,  that  is  {hy  Art,  LVI.  Geo.)  as  radius  is  to  the  secant  of  the  lati* 
tude.  Hence,  if  the  meridians  are  supposed  to  be  jparallel  to  each  other,  or 
the  distance  of  the  meridians  to  remain  the  same  in  every  latitude,  the  de^ 
;rree  or  mile  of  latitude  must  be  increased  in  proportion  to  the  secant  of  th^ 
htitude.  Therefore,  if  the  radius  be  supposed  to  be  equal  to  one  mile,  the 
length  of  the  first  mile  of  latitude  from  the  equator  will  be  represented  by 
the  secant  of  1',  the  second  mile  by  the  secant  of  a',  the  third  mile  by  the 
<;rcant  of  8',  kc.  Therefore  the  length  of  the  expanded  arch  of  the  meri- 
dian may  be  found  by  a  continual  addition  of  secants,  to  every  degree  an<^ 
minute  of  the  quadrant,  as  in  Table  III.  by  means  of  which  the  chart  (called 
Mercator's  chart)  may  be  constructed,  and  all  the  cases  of  Mercator's  Sailioit 
may  be  projected  and  calculated.* 

In  using  this  table,  the  degrees  are  to  be  found  at  the  top  or  the  bottom,  • 
and  the  miles  at  the  side;  in  the  angle  of  meeting  will  be  the  length  of  the 
corresponding  expanded  arch,  usually  called  the  meridiimal  parts.  If  you 
wish  to  find  the  arch  of  the  expanded  meridian  intercepted  between  any 
two  parallels,  or,  as  it  is  usually  called,  the  meridional  differefice  of  latitude, 
you  must,  when  both  places  are  on  the  same  side  of  the  equator,  wbiraet  the 
meridional  vans  of  the  lesser  latitude  from  the  meridional  parts  of  the  greaUr^ 
tkt  rewwmier  vnU  he  the  meridional  difference  of  latitude :  hut  if  they  are  on 
different  side^  of  the  equator,  the  sum  of  the  mendionai  parts  of  both  latitude^ 
ifUl  he  the  mendionai  difference  of  latitude  required. 

EXAMPLE  I. 

Bequired  the  meridional  parts  corresponding  to  the  latitude  of  42P  34'  ? 

Look  in  the  bottom  or  top  of  the  table  for  4^®,  marked  42  d.  and  in  the 
right  or  left  hand  column  marked  (M)  for  34',  under  the  former  and  opposite 
the  latter  stand  2828,  the  meridional  parts  corresponding  to  42^  34'. 

EiAHPJLB  If.  Required  the  Meridional  dif- 
ference of  latitude  between  Cape  Cod,  in 
tbe  bt  of  42^  5'  N.  and  the  bland  of  St. 
Mary,  in  the  latitude  of  36^  59'  N.  ? 


Cape  Cod^s  lat.  42°    y  N.   Mcr.  parte  2788 
St  Maiy'8  lat.  36°  sy  N.   Mcr.  parte  2391 


Example  III .  Required  the  meridional  dif- 
ference of  latitude  between  a  place  in  the 
lat.  of  35^  12'  N.  and  the  Cape  of  Good 
Hope,  in  the  laUtude  of  34°  26'  S.  ? 

Lat.  35°  12' N.  Mer.  par.  «2r)9 

C.of  G.Hope's  lat  34"^  26^  S.  Mer.  par.  S263 


Meridional  difierence  of  latitude  397iSum  is  meridional  difference  of  lat       446i2 

From  these  principles  it  follows,  that  in  sailing  upon  any  course,  the  trvf. 
OT  proper  difference  of  latitude  is  to  the  departure  as  the  meridional  difference, 
of  latitude  is  to  tht  difference  of  lorigitude.  Hence  if  MI  (in  the  fig;ure  of 
Case  I.  following)  he  the  proper  difliirence  of  latitude,  lO  the  departure, 

*  The  BMuioer  o£  conftrucUng  this  chart  wilt  be  partioilarly  explained  berMf><*r.  It  vmj  be  nbservrft, 
*at  tbe  snaUer  the  rabdivisiona  of  the  arch  of  tbe  roeritilan  are,  the  greater  wUl  be  tlie  accuracy  of  t»n> 
t^lcakltd  lencth  of  Ibe  expanded  arch  of  tbe  meridian.  To  be  perfrctly  accurate  tbe  arch  ouehl  to  b«< 
«•' Jtfivided  iaio  Ibe  smallest  tfuantides  possilile.  Attention  was  paid  to  this  circuronanoe  in  cafculatiiiff 
«ie  ahovc-mentloiicd  Taftfr.  uiyiuzi3^u  uy  ^•^_jv_/v^-i  i^ 
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JVIO  the  ilistance,  the  angle  IMO  the  course,  and  we  take  MT  equal  to  th\; 
oaeridional  difference  of  latitude,  and  draw  TH  parallel  to  lO  to  cut  MO' 
continued  in  H;  the  line  TH  will  represent  the  difference  of  longitude:  for 
ihy  Art.  LIII.  Gtom.)  MI :  lO  :  :  MT  :  TH.  Now  in  the  triangle  MTH,  by 
making  MT  radius,  we  have  MT  :  radius  :  :  TH  :  tang.  TMH,  that  is  the 
Tfieridimal  difference  of  latitude  is  to  radius,  (a  the  difference  of  longitude  is  to 
the  tangent  of  the  course.  By  making  MH  or  TH  radius  we  shall  have  other 
analogies,  which  combined  with  those  in  Plane  Sailing,  furnish  the  solutions 
of  the  various  cases  of  Mercator^s  Sailing  contained  in  the  following  table. 

MERC4TOR'S  SAILING. 


Case. 


Given. 


Bought. 


SOLUTIONS. 


Both  Latitudes 

and 

Longitudes. 


Coarse. 
Distance. 

Departure 


Hariog  both  tats,  the  mer.  diff.  lat  Is  found  bv  Table  IIL 
Mer.  Diir.  Lat. :  Had  : :  DUt.  Long. :  Tung.  Gourae. 
(  Rad. :  Prop,  liiff.  Lat. :  :  Secant  Course  :  Distance. 
J  Co-Sine  Course  :  Prop.  DIff.  Lat. :  :  Rad. :  DIstuice. 
I  Had.  I  Prop.  Diff.  Lat  i :  Tang.  Coarse  :  DcpartuTR. . 
I  Mer.  Uiff.  Lat. :  Diff.  Long. : :  Prop.  DIfl*.  Lat.  i  Depart 


Both  Latitudes 

and 

Departure. 


Course. 
Distance. 


Diff.  Long. 


Merid.  Diff.  Lat  being  found  by  Table  IH.  we  bavo 
Prop.  Diff.  Lat :  :  Radios  : ;  Departure :  Taog.  Coune. 
C  Radius  :  Prop.  Diff.  Lat : :  Sec  Coarse  :  Duiance. 
I  Bine  Course  :  Departure  :  :  Radius  :  Distance. 
5  Rad. :  Mor.  Diff.  Lac. : .  Tting.  Coarse  :  Diff.  Long. 
{  Prop.  Diff.  Lat :  Dep. :  :  Mer.  Diff.  Lat :  Diff.  Long. 


One  Latitude, 

Course 

and 

Distance. 


Departure. 
Diff.  Lat. 

Diff.  Long. 


Radius :  Distance : :  Sine  Course  :  Departore. 

Rad. :  Dist. : :  Oo^dne  Course  :  Prop.  Diff.  Lat    Hence  we  bare  the 

other  latitude  and  mer.  diff.  tat  by  Table  III. 
Rad.  :  Mer.  Diff.  Lat : :  Tang.  Course  :  Diff.  Long. 


Disunce. 
Latitudes  Iteparture. 


DoUi 
and  Coarse. 


Diff.  Long. 


Conine  Course  :  Vwp,  Diff.  Lat : :  Rad.  -.  Dist 
Rad. :  Prop.  Diff.  Lat. : :  Tang.  Course  :  Departure. 
Mer.  diir.  lat.  being  found  in  Table  IIL  we  have 
Rad. :  Mer.  Diff.  Lat : :  Tang.  Course  :  Diff.  Long. 


Both  Latitudes 
and  Diftaace. 


Course. 
Departure. 
Diff.  Lontf. 


Dist: 


Rad. : :  Pn>p.  Diff.  Lat :  Oo-slne  Course. 
I :  Distance :  :  Sine-Course  :  Departure. 
Mer.  Diff.  Lat : :  Taog.  Coarse  :  Diff.  Long. 


One  Latitude, 
Coune  and 
Departure. 


Diff.  Ut 

Distance. 
Diff.  Long. 


Rad. :  Dep. ;  :  Co-tancT.  Course  :  Prop.  Diff.  Lat 

tience  we  hare  the  other  latitude  and  mer.  diff.  latitude. 
Sine  Course  :  Departure  : :  Radius  :  Distance. 
5  Rad.  :  Mer.  Diff.  Lat : :  Tang.  Course  :  Diff.  Long. 
\  Prop.  Diff.  Lat. :  Dep. : :  Mer.  Diff.  Ut :  Diff.  Long. 


One  LatUade, 
Distance  and 
Departure. 


Course. 
I>iff.Ut 

Diff.  Long. 


Dist. :  Rad. : :  Dep. :  Sine  Course. 

Rad. :  Dikt : :  Co-sine  Course :  Diff.  Lat    Henee  we  obtain  the  othef 

latitude  and  meridian  difference  latitude. 
5  Rad. :  Mer.  Diff.  Lat : :  Tang.  Course  :  Diff.  Long. 
I  Prop.  Diff.  Lat ;  Dep. : ;  Mer.  Diff.  Lat ;  Diff.  Long. 


CASE  I. 

Ths  latitudes  and  longitudes  of  two  places  given,  to  find  the  direct  course  and 
distance  oettveen  them. 

Required  the  bearing  an^  distance  from  Cape  Cod  Light  House  in  the  latitude  of 
42-^  y  N.  an<t  longitude  70^^  4^  W.  to  the  island  of  St.  Mary,  one  of  the  Western  Islandsi 
.iu  the  latitude  of  36°  59^  N.  and  longitude  of  25^  10'  VV.  I 

Cape  Cod's  lat.  42^    o'  N.  Meridional  parts  2788         Long.  70°    4'  W. 

St.  jyiary*s  lat.  36    59  N.  jMeridional  parts  2391  25    10  W. 


5 

60 


Mer.  diff*.  lat. 


397 


44    54 
60 


Riflcrencc  of  lat.   306  miles.  Diff.  of  long.    2694    miles. 

BY  PROJECTION. 


T 


yuzedbyGoOgl^' 
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Draw  the  meridian  MT  equal  to  the  meridional  difference  of  latitude  52t 
miied,  set  off  also  upon  it  MI  equal  to  the  proper  difference  of  latitude  906 
miles ;  perpendicular  to  MT  draw  TH  and  lO,  make  TH  equal  to  the  dif- 
ference of  longitude  £694  miles,  draw  MH  cutting  lO  in  O ;  then  will  the 
angle  TMH  be  the  course  S.  81^  37'  E.  and  OM  the  distance  2099  miles. 

BY  LOGARITHMS. 

To  find  the  coiine.  To  find  the  distance. 


As  the  mer.  diif.  of  lat  397  2.59879 

U  to  radiiu  45°  10.00000 
Sa  is  the  diff.  of  long.  8694 

To  tang,  of  course  81°  37'  10.83161 


As  radius  90"^  10.00000 

Is  to  the  proper  diff.  of  lat  306  2.48573 

3.43040  So  is  secant  of  course  81^  37'  10.83626 

To  the  distance  2099  miles  3.32198 


BY  GUNTER. 

1st  Extend  from  the  meridional  difference  of  latitude  397  to  the  differ- 
(<nce  of  longitude  3694  on  the  line  of  numbers;  that  extent  will  reach  from 
the  radius  or  45^,  to  the  course  81°  37'  on  the  line  of  tangents. 

adly.  Extend  from  the  complement  of  the  course  8°  $3'  to  radius  90°  on 
the  line  of  sines,  that  extent  will  reach  from  the  proper  difference  of  latitude 
d06,  to  the  distance  2099  on  the  line  of  numbers. 

BY  INSPECTION. 

With  the  meridional  difference  of  latitude  and  difference  of  longitude  used 
as  difference  of  latitude  and  departure,  find  the  course,  by  inspecting  the 
tables  until  those  numbers  are  found  to  correspond ;  with  this  course  and 
the  proper  difference  of  latitude,  find  the  corresponding  distance. 

Thus  one  tenth  of  the  merid.  diff.  lat.  and  diff.  long,  are  found  to  agree 
nearly  to  a  course  of  74  points;  this  course  and  one  tenth  of  the  proper 
difference  of  latitude  30,6  is  found  to  correspond  to  the  distance  209 ;  this 
multiplied  by  10  gives  the  distance  2090,  differing  a  little  from  the  result  by 
lagan thms,  owing  to  the  neglect  of  a  few  minutes  in  the  course. 

CASE  II. 
Both  latitudes  and  the  departure  given^  to  find  the  courstj  distance^  and  difference 

of  longitude.  A 

A  ship  m  the  latitude  of  49^  57'  N.  and  longitude  of  - 
1 5^  16'  W.  sails  south-westerly  until  her  departure  is 
789  miles,  and  then  by  observation  is  in  the  1  .^  ^  nde  of 
39^20'N.  required  her  course,  distance  and  longitude  in  ? 
Lat  left    49057'N.  Mer.  parts    3470 

Latin      39   ^0  N.  Mer.  parts    2571 

Diff.  lat    10   37=637  m.  Mer.  diff.  lat  899  C      Diff.  Long, 

BY  PROJECTION. 

With  the  proper  difference  of  latitude  and  departure,  project  as  in  Case 
VI.  Plane  Sailing,  by  drawing  the  meridian  AEB,  on  which  take  AE  equal 
to  the  proper  difference  of  latitude  637  miles ;  erect  ED  perpendicular  te 
AE  and  make  it  equal  to  the  departure  789  miles ;  join  AD  and  continue  it 
towards  C :  make  AB  equal  to  the  meridional  difference  of  latitude  899 
miles,  and  draw  BC  perpendicular  to  AB,  to  cut  AC  in  C,  and  it  is  donfr. 
For  AD  will  be  the  distance  1014  miles,  BC  the  difference  of  longitude  1114. 
miles,  and  the  angle  BAC  will  be  the  course  S.  51^  5'  W. 


BY  LOGARITHMS. 


To  find  the  course. 

As  the  proper  diff.  of  lat  637  8.80414 

Is  to  radius  45^  10.00000 

SoUthedeputiire789  2.99708 

To  tang,  cooise  51^  y  10.09«94 

To  find  the  diff.  of  long. 

is  radius  45°  10.00000 

Is  to  mer.  diff.  of  lat.  899  2.95376  Longitude  in 

So  is  tang,  couwe  51^  y  10.09294 

Tb  diff.  of  long.  lil4  3.04670 


To  find  the  distance. 
As  radius 

Is  to  prop.  diff.  of  lat.  637 
So  is  sec.  course  51®  & 
To  the  distance  1014 
Longitude  left 
Difl:  of  long.  1114        ==• 


ic  diff.  of  long,  may  also 
saying,  as  prop.  diff.  of  lat.  : 
diff.  lat.  :  difi.  of  long.     "^  ^ 


10.00000 

2.80414 

10.20191 

3.00669 

15^  WW. 

18    34  W. 

33  50  W. 
be  found  by 
dep.  ;»  mer. 
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BY  GUNTER. 

1st.  The  extent  from  the  diff.  of  lat.  657  to  the  dep.  789  on  the  line  of 
numbers,  will  reach  from  radius  45^  to  the  oourse  51°  6'  on  the  Kne  of 
tangents. 

2dly.  The  extent  from  the  course  51°  5'  to  radius  90^  on  the  shies,  will 
reach  from  the  departure  789  to  the  distance  1014  on  the  line  of  nuiAbcrs. 

Sdly.  The  extent  from  the  radius  45°  to  the  course  51°  5'  on  the  line  of 
tangents,  will  reach  from  the  merid.  diff.  of  lat.  899  to  the  difference  of 
Tongitude  1114  on  the  tine  of  numbers. 

BY  INSPECTION. 

Find  the  course  by  Plane  Sailbag,  Case  VI.  by  seeking  in  the  tables  with 
the  proper  difference  of  latitude  and  departure  till  they  are  found  to  agree 
in  their  respective  columns,  corresponding  to  which  will  be  the  distance  in 
its  column,  and  the  course  will  be  found  at  the  top  of  that  column  if  the  de- 
parture is  less  tlian  the  proper  difference  of  latitudet  otherwise  at  the  bottom ; 
with  the  same  course,  find  the  meridional  difference  of  latitude  in  the  latitude 
cohimn,  corresponding  to  which  in  the  departure  column  will  be  the  true 
difference  of  longitude. 

Thus  with  one  tenth  of  the  true  difference  of  latitude  and  departure  65,7 
and  78,9,  I  find  the  course  51°,  and  the  distance  101,  which  multiplied  by  10 
gives  nearly  the  true  distance  1010;  in  the  same  table,  opposite  to  one  tenth 
of  the  meridional  difference  of  latitude  89,9  I  find  the  departure  111,1,  which 
multiplied  by  10  gives  the  difference  of  longitude  1111  reules. 

CASE  III. 

One  latitude,  course  and  distance  given,  to  find  ike  difference  of  latUude  and 
difference  of  longiiude. 
A  ship  in  the  latitude  of  42°  30'  N.  and  longitude  of  58©  51'  W.  sails  S.  W. 
by  S.  591  miles ;  required  the  latitude  and  longitude  in  ? 

BY  PROJECTION. 

*1>raw  the  meridian  ABC,  and  ADE,  making  an 
angle  with  it  equal  to  the  course  3  points,  make  AD 
equal  to  the  distance  sailed,  591  miles,  and  from  D  let 
fall  upon  AB  the  perpendicular  BD  :  then  will  BD  be 
the  departure,  and  AB  the  difference  of  latitude,  491 
miles.  Hence  we  have  both  latitudes,  and  the  meridi- 
onal difference  of  latitude,  to  which  make  AC  equal, 
and  <h^w  CE  parallel  to  BD  meeting  ADE  in  E,  then 
will  CE  be  the  difference  of  longitude,  419,6  miles. 


BY  LOGARITHMS. 
To  find  the  diff.  of  latitude. 
As  radius  8  pointfl  10.00000 


Is  to  the  distance  591 

go  is  co*8ine  course  3  points 

•op. 
Lat  left 
Biff.  Lat  49lc=8 

L4t  in 


2.77159  Is  to  the  mcr.  diff.  of  lat  628 


9.91985 


^o  prop.  diff.  lat  491.4  2.69144 

'      '  -  42^  30/  N.  Mer.  parts    2822 


34 


11  S 

19  N.  Mer.  parts  2194 
Mer.  diff.  lat    628 


To  find  the  diff.  of  longitude. 
As  radius  4  points  lO.OOOOd 


So  is  tang,  course  3  points 
To  diff.  of  long.  419.6 
Long,  left  58^  51'  W. 

Diff.  of  long.  420=      7   00  W. 
Long,  in  65    51  W. 


2.7979(6 
9.8g489 
2.6^«»5 


BY  GUNTER. 

1st.  The  extent  from  radius  8  points  to  the  complement  of  the  coiira*  ;* 
pwnti^  on  the  line  marked  SR,  will  reach  from  the  distance  501  to  Uuj 
difference  of  latitude  491.4  on  the  line  of  numbers. 

^  Sdly.  The  extent  from  the  radius  4  points  to  the  course  S  points,  on  tK«- 
line  marked  TR,  will  reach  from  the  meridional  difference  of  latitude  628  t% 
Mlie  d^fferen<:e  of  longitude  419,6  on  the  line  of  numbers. 
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BY  INSPECTION. 

As  m  Case  L  Plane  Sailing,  find  the  course  at  the  top  or  bottom  of  the 
tables,  either  among  the  points  or  degrees,  and  in  that  page,  opposite  the 
distance,  will  be  found  the  difference  of  latitude  and  departure  in  their  res- 
pective columns.  '  Then  in  the  same  table  find  the  meridional  difference  of 
latitude  in  the  latitude  column ;  corresponding  to  which,  in  the  departure 
column,  will  be  the  difference  of  longitude. 

Thus,  under  the  course  S.  W.  by  S.  or  3  points,  and  opposite  ohe  third  of 
the  distance  197,  stands  163,8  in  the  latitude  column,  which  multiplied  by  3 
gives  the  difference  of  latitude  491,4 'miles;  then  find  one  fourth  of  the 
meridional  difference  of  latitude  157  in  the  latitude  column,  against  whif;h 
stands  105  m  the  departure  column,  which  multiplied  by  4  gives  4S0  the  dif- 
ference of  longitude. 

CASE  rr. 

Both  kUitudeg  and  course  given,  to  find  the  distance 
and  difference  ofhngiiude. 
A  ship  from  the  latitude  of  49^  57'  N.  and  longi- 
tude of  SOO  W.  sails  S.  S90  W.  till  she  arrives  m  the 
latitude  of  45^  31'  N.  Required  the  distance  run  and 
longitude  in  ? 

liat.  left  490  57'  N.  Mer.  parts     3470 

X«at  in    45    31  N.  Mer.  parts     3074 

Diff.  lat    4  S6=«66  m.       Mer.  diff.  lat.  396  miles.         Diff,  Lor^. 

BY  PROJECTION. 
Draw  the  meridian  AEB,  on  which  take  AE  equal  to  the  proper  differ- 
ence of  latitude  «66  miles,  and  AB  equal  to  the  meridional  diference  of 
latitude  396  miles ;  make  the  angle  BAC  equal  fjo  the  course  39<5,  and  draw 
ED,  BC,  perpendicular  to  AB,  cutting  ADC  in  D  and  C ;  then  will  AD  bt 
the  distance  342  miles,  and  BC  the  difference  of  longitude  321  miJea. 

BY  LOGARITHMS. 

To  find  the  diff.  of  lonsritude. 
9.89050  As  radius  45*^  ^       10  00000 

2.48488  Is  to  mer.  diff.  of  lat.  S96     .  2.59770 

10.00000  So  is  tang,  course  39°  9.90087 


To  find  the  distance. 
As  the  co-sine  coarse  39° 
Is  to  the  prop.  diff.  of  lat  266 
So  is  radius  90° 


To  the  distance  343.3 


2.53438  To  the  diff.  of  long.  320.7 
Longitude  left  30°    0'  VV. 

Diff.  of  long.      321  =  5    21  \V. 


2,50607 


Longitude  in* 


35    21  W. 


BY  GUNTER. 

Iftt.  The  extent  from  the  complement  of  the  course  51^  to  the  radius  90^ 
on  the  sines,  will  reach  from  the  proper  difference  of  latitude  260,  to  the 
distance  34£,3  on  the  line  of  numbers. 

2dly.  The  extent  from  radius  45^  to  the  course  39^  on  the  line  of  tan- 
gents, will  reach  from  the  meridional  difference  of  latitude  396,  to  the  dif- 
ferenee  of  longitude  321  on  the  line  of  numbers. 

BY  INSPECTION. 
As  In  ease  11.  Plane  Sailing,  find  the  course  among  the  points  or  degrees 
and  the  proper  difference  of  latitude  in  its  column,  adjoining  to  whic^will 
be  the  distance  and  departure  in  their  respective  columns ;  then  in  the  same 
Uble,  find  the  mcrid.  diff.  of  lat.  in  the  lat  column,  adjoining  to  which  in  the 
departure  column,  will  be  the  difference  of  longitude. 
^  Thus,  under  the  course  39©  and  opposite  the  half  diff.  of  lat*  133  (the 

N  ^ 

uiyiLizeu  uy  ■%_j"v^  v_y  "i  iv^ 
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nearest  to  which  is  1S4.9)  stand  171  and  107,6,  these  doubled  give  the  dis- 
tance  942  and  departure  £15.2;  and  in  the  same  table  opposite  the  half 
mer.  diff.  of  lat.  198  found  in  the  latitude  column,  stands  160.5  in  the  dep. 
column,  which  doubled  gives  the  difference  of  longitude  8£1  miles,  nearly 
l»  before.  ^      ^.^  ^  ^ 

E      Dif.  Long.      C 

CASEV.  '^■"''^       ^' 

Jhth.laHtudea  and  distance  given,  tojmd  the  eowse, 
and  deference  ofUmgitude. 

A  ship  from  the  latitude  of  37^  N.  and  longi- 
tude of  9^^  16'  W.  sails  300  mRes  north-westerly, 
until  she  is  in  the  latitude  of  41^'  N.  Required  the 
course  steered  and  longitude  in  1    . 

liat  left  370  N.  Mcr.  parts  2393 

Lat  in    41°  N.  Mef.  parts  2762 

Biff*  iat.     4^35240  miles.  Mer.  diff.  lat.  809  mites. 

BY  PROJECTION. 
Draw  the  meridian  ABC ;  make  AB  equal  to  the  proper  difference  of 
latitude  240,  and  AC  equal  to  the  meridional  difference  of  latitude  309  miles, 
draw  BD  and  C£  perpendicular  to  ABC  ;  with  an  extent  equal  to  the  dis- 
,  tkaee  SOO  in'your  compasses,  and  one  foot  in  A  as  a  centre,  describe  an  arch 
fSttttiiiK  3D  b  D  i  draw  AD,  which  continue  to  cut  CE  in  E,  and  it  is  done ; 
for  the  angle  BAD  is  equal  to  the  course  of  36^  52',  BD  is  the  departure, 
4ndC£  is  the  difference  of  longitude  231.7  miles. 

BY  LOGARITHMS. 


To  find  tbe  coune, 
Aff  Ae  distanee  SOO 
rttonri]iiB90O 
flib  prop.  diff.  of  laL  240 


To  find  the  diff.  of  longitnde. 
2.47718lAs  radius  45^  10.00000 

10.00000  U  to  the  mer.  diff  of  lat  309  2.4S9% 

2.38021  So  is  tang,  coune  36°  52'  9.87501 


9.90309rro  the  diff.  long.  231.7 
32°  16'  W. 


2.36497 


Tiy  Ohsfaie  course  36°  B9f 

Longitude  ie(t 

Diff.  of  longitude  232  =  3    52  W. 

LoBgitttde  in  36    08  W. 

BY  GUNTER. 

tst.  The  extent  from  the  distance  SOO  to  the  proper  difference  of  l&ti^ 
tude  240,  on  the  line  of  numbers,  will  reach  from  the  radius  or  90^  to  53^  8' 
the  complement  of  the  course  on  the  line  of  mnes. 

2^7.  The  extent  from  radius  45^  to  the  course  36^  52'  on  the  line  of 
faraeatSt  will  reach  from  the  meridional  difference  of  latitude  309  to  the 
fU^rence  of  longitude  231.7,  on  the  line  of  numbers. 

BY  INSPECTION. 

As  in  Case  IV.  Plane  Sailing,  seek  in  the  table  till  against  the  distance 
laken  in  its  column  is  found  the  given  difference  of  latitude  in  one  of  ^e 
following  columns ;  adjoining  to  it  will  stand  the  departure,  which  if  less 
than  the  difference  of  latitude,  the  course  will  be  found  at  the  top,  other- 
Wise  at  the  bottom  ;  in  the  same  table  find  the  meridional  difference  of  lati- 
tude in  the  latitude  column,  adjoining  to  which  in  the  departure  eolunon  will 
atagd  the  difference  of  longitude. 

Thus  the  distance  300  and  the  difference  of  latitude  240,  are  found  to 
iborreapond  to  a  course  of  37^,  and  a  departure  of  180.5  ;  and  in  the  latitude 
y^lumn,  oppoate  half  the  meridional  difference  of  latitude  154.5  (the  nearest 
to  which  IS  154.1)  stands  116.2  in  the  departure  column,  which  doubled 
(t^es  the  difference  of  longitude  232.4. 


Digitized  by  VjOOQIC 


MERCATOR^S  SAILING. 


CASE  VI. 

One  latitude,  course  and  departure  given,  to  find  ike  distance,  difference  of 
latitude,  and  dij^rtnce  of  longitude, 
A  ship  from  the  latitude  of    m 
50O  10'  S.  and  longitude  of  80O  -^ 
£.  sails  E/  S.  £.  until  her  de- 
parture is  957  miles;  required^    ^ 
the  distance  sailed,  and  the  lat-  to  ^ 
itude  and  longitude  in  ?  3 ' 


BY  PROJECTION. 

Draw  the  meridian  ABC,  and  at  a  distance  from  it  equal  to  the  deptttum 
S57  miles,  draw  the  line  FD  parallel  to  ABC  ;  make  the  angle  BAD  equal  to 
the  course  6  points,  draw  AD  to  cut  FD  in  D ;  from  D  let  fall  upon  AB  the 
perpendicular  DB;  then  will  AD  be  the  distance  1036  miles,  AB  the  dlffeiv 
ence  of  latitude  596  miles;  hence  we  have  both  latitudes,  and  the  meridional 
difference  of  latitude  667  miles,  make  the  line  AC  equal  thereto,  and  draw 
CE  perpendicular  to  AC  meeting  AD  continued  in  E ;  then  will  C£  be  t]» 
difference  of  longitude  1610  miles. 


BY  LOGARITHMS. 


To  find  the  distance. 
As  the  une  course  6  points 
Is  to  the  departure  957 
So  is  radius  8  points 

To  the  distance  1036 

To  find  the  diff.  of  lat. 
Asradius  4  points 
Is  to  the  departure  957 
So  is  co-tang  course  6  points 

To  prop.  diir.  of  lat.  396.4  miles 


%562Difil 


9.' 

2.98091 
10.00000 


Lat.  left  BOP  W  S.  Mer.  pailf 

lat.S9fr=6   36  S. 

LaL  in 


3.01529 

10.00000! 
2.98091 
9. 


3490 


66  46  S.  Mer.  parta     4157 

Mend.  diff.  of  lat.  667 

As  radius  4  pidints  10.00000 

Is  to  the  mend.  diC  of  lat  667  2.8dlM 

So  is  tang,  course  6  points  10^ 

61722  To  diffl  long.  1610'=26<^  50"  E.       3.206! 
2.69813  ^**"*5'  ^^  30   00  E. 

Long,  in  66   50  E. 


BY  GUNTER. 

l8t  The  extent  from  the  course  6  points  to  radius  8  points  on  the  line 
marked  S.  R.  will  reach  from  the  departure  9&7  to  the  distance  1036  on  the 
line  of  numbers. 

2dly.  *  The  extent  from  radius  4  points  to  the  complement  of  the  course 
S  points,  on  the  line  marked  T.  R.  will  reach  from  the  departure  957  to  the 
difference  of  latitude  596  on  the  line  of  numbers. 

Sdly.  The  same  extent  (from  the  radius  4  pouits  to  the  coarse  6  poiota 
On  the  line  marked  T.  R.)  will  reach  from  the  meridional  difference  of  Isti- 
tude  667,  ta  the  difference  of  longitude  1610,  on  tlie  line  of  numbers. 

BY  INSPECTION. 

As  in  Case  IIL  Plane  Saving,  find  the  course  cither  in  Table  I.  or  TaUe 
n.  and  the  departure  in  its  column,  corresponding  to  whicii  will  stand  thft 
distance  and  difference  of  latitude  in  their  respective  columns:  In  the  same 
Table  find  the  meridional  difference  of  latitude,  in  the  latitude  column*  coi:- 
respooding  to  which,  in  the  departure  column,  will  be  found  the  difference  of 
longitude. 

Thus,  over  thclcourse  E.  S.  E.  or  6  points,  and  against  one-fifth  of  the  de- 
parture 191.4  stand  79.2  and  207,  which  multiplied  by  5  ^ve  the  difference 
of  btitude  896  miles,  and  the  distance  1039  nules;  then  m  the  latitude  eb- 
lumn  find  a  tenth  of  the  meridional  difference  of  latitude  66.7,  the  nearrtst 
to  that  is  66.6,  against  which,  in  the  departure  column,  st^^  160.8,  wblob 
multiplied  by  10  J^ives  1606,  the  difference  of  longitude.  ^^  t 
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,  CASE  VIL 

laiitudef  distance  sailed,  and  dnnirture  givers  to  Jjnd  tht  cowrse,  dijeretiu 

of  latitttde,  ana  difference  of  kngitude, 
ship  in  the  latitude  of  49^  30'  N.  and  the  longitude  of  fiS^  W.  sails  south- 
erly 645  miles,  making  500  miles  departure ;  required  the  course  steered^ 
the  latitude  and  longitude  in  ? 

BY  PROJECTION. 

raw  the  meridian  ABC,  and  on  A 
point  of  it  draw  BD  perpendicular 
eto,  and  make  it  equal  to  the  depar-^ 
500  miles ;  widi  an  extent  equal  to,^ 
listance  645  miles  in  your  compas-|> ' 
and  one  foot  on  D  as  a  centre  de-^ 
»e  an  arch  to  cut  AB  in  A,  join  AD  p 
will  AB  be  the  proper  difference 
ititude  407.5  miles,  and  the  angle  R 
)  will  be  the  course  50^  49';  hence 
aye  the  other  latitude,  and  Uie  me- 
nal  difference  of  latitude,  to  which  C*" 
e  AC  equal ;  and  draw  CE  parallel 
iD,  meeting  AD  produced  in  E ;  then  wiJl  CE  be  the  difference  of 
tude,  732. 6  miles. 

BY  LOGARITHMS. 

Tofindthedifiloflat. 
As  radius  90^  10.00000 

Is  to  the  distance  645  2.8095^ 

2.69897  So  is  co-sine  coume  50°  49^  9.80058 

To  diff.  1. 407.5=6°  48'  S.  2.61014 

Lat  left  49    30  N.  M.  par.      3428 

Lat  in  42   42  N.  M.  par.      2839 

Mer.  diff.  lat 

Long,  left  25   00  W. 

Diff.  long.  12     3  E. 

Long,  in 


Diff.  Long. 


To  find  the  course, 
e  diBtance  645 
radiu8  90<^ 
the  departure  500 

He  of  course  500  49^ 

To  find  the  diff.  of  long, 
iius  45° 

ner.  diff  of  lat  589 
tang,  course  50°  49' 

2.80956 

10.00000 

2.69897 

9.88941 

10.00000 

2.77012 

10.08879 

ff  of  long.  722.6 

Or  thus: 
op.  diff  of  lat  407.5* 
the  departure  500 
the  mer.  diff.  of  lat.  539 

2.85891 

2.61014 
2.69897 
2.7^012 

5.46909 
2.61014 

(T.  of  long.  722.7 

2.85895 

5S^ 


12    67  W. 
Hence  the  ship's  coarse  is  8.  50°  49^  £: 
Lat  in  42^  42'  N.    Long,  in  12°  67'  W. 


BY  GUNTER. 
:.    The  extent  from  the  distance  645  to  the  departure  500  on  the  line 
imbers,  will  reach  from  the  radius  90^  to  the  course  50^  49'  on  the  line 
les. 

ly.  The  extent  from  radius  90^  to  the  complement  of  the  course  58^ 
n  the  line  of  sines,  will  reach  from  the  distance  645  to  the  difference  of 
ide  407.5  on  tile  line  of  numbers. 

ly.  The  extent  from  the  radius  45^  to  the  course  50^  49'  on  the  line  of 
jnts,  will  reach  from  the  mer.  diff.  of  lat.  589  to  the  difference  of  lon^- 
7i2.6  on  the  line  of  numbers.  Or,  the  extent  from  the  proper  diflEer- 
of  latitude  407.5  to  the  departure  500,  will  reach  from  the  meridional  - 
ence  of  latitude  589  to  the  difference  of  longitude  Ift&.l  on  the  Unc  of 
>ers. 

BY  INSPECTION. 

ad  the  course  and  difference  of  latitude,  as  in  Case  V.  Plane  Sailing,  by 
ng  in  Tab.  IL  till  the  distance  and  departure  are  found  to  correspond  in 
respective  columns,  adjoining  to  which,  in  the  colunm  of  latitude,  vnXl 
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Be  found  the  true  difierenee  of  latitude,  which  if  greater  than  the  departure 
the  course  will  be  found  at  the  top ;  but  if  less,  the  course  will  be  found  at 
the  bottom :  with  this  course  seek  the  meridional  difference  of  latitude  in 
the  latitude  column,  adjoining  to  which  in  the  departure '  column  will  be 
found  the  difference  of  longitude. 

Thus  one-third  of  the  distance  215,  and  one-third  of  the  departure  166,7 
«re  found  nearly  to  correspond  to  a  course  of  51  degrees,  and  a  difference 
of  latitude  of  195.3,  which  multiplied  by  3,  gives  the  true  difference  of  lati- 
tude 406  nearly.  Then  one-fourth  of  the  meridional  difference  of  latitude 
147,  in  the  latitude  column,  is  found  nearly  to  correspond  to  the  departure 
181.9 ;  this  multiplied  by  4,  gives  727.6  the  difference  of  longitude  nearly. 

Having  explained  the  method  of  calculating  single  courses  by  Middle  La- 
titude  and  Mercator's  Sailing,  it  now  remains  to  explain  the  method  of  cal- 
culating compound  courses.  To  do  this,  you  must  construct  a  Traverse 
Table,  and  find  the  difference  of  latitude  and  departure  for  each  course  and 
distance,  as  in  Traverse  Sailing,  and  from  thence  the  whole  difference  of  la- 
titude, departure,  and  latitude  in,  with  the  departure  and  latitudes,  find  the 
difference  of  lon^tude  and  longitude  in,  as  in  Case  II.  of  Middle  Latitude 
or  Mercator's  Sailing. 

This  method  is  exact  enough  for  working  any  single  day's  work  at  sea,  ex- 
cept in  high  latitudes,  where  it  will  be  a  little  erroneous ;  in  this  case  the  differ- 
ence of  longitude  and  longitude  in,  may  be  calculated  for  every  siqgle  course 
and  short  <&tance;  but  in  general  this  nicety  in  calculation  may  be  neglected. 

To  illustrate  the  method  of  working  compound  courses,  we  shall  here 
Tvork  an  example,  by  Middle  Latitude  and  Mercator's  Sailing. 


EXAMPLE. 

A  ship  from  Cape  Henlopen,  in  the 
latitude  of  3«o  47'  N.  longitude  75°  17' 
W.  sails  the  following  true  courses, 
Viz.  E.  by  8.  £0  mfles,  E.  N.  E.  15 
miles,  S.  E.  26  miles.  South  16  miles, 
W.  S.  W.  6  miles,  N.  W.  10  miles, 
and  East  30  miles:  required  her  lati- 
tude and  longitude? 

By  constructing  the  Traverse  Ta- 
ble with  these  courses  and  distances, 
it  appears  that  the  ship  has  made  27.8 
miles  of  southing,  and  69.3  miles  of 
eating ;  and  by  subtracting  the  south 
in;  from  the  latitude  of  Cape  Hen 
iopen  there  remains  the  latitude  ir 
580  19'  ]S. 

Cape  Henlopen'9  latitude  38°  47'  N. 
LaUtude  in  38    19  N. 


TRAVERSE  TABLE. 


^ 

Diff.    Lat. 

Departure-^ 

Courses. 

N. 

S- 

E. 

w. 

E.byS. 
E.  N.  E. 

HO 

3.9 

19.6 

..  ^ 

15 

5.7 

13.9 

S.  E. 

26 

18.4 

18.4 

South. 

16 

16.0 

W.S.W. 

6 

2.3 

5.5 

N.  W. 

10 

7.1 

7.1 

East. 

30 

30.0 

12.8 

40.6 

81.9 

12.6 

12.8 

12.6 

D.Lat.27.8 

69.3  Dep.  t 

Som  of  latitudes 
Middle  latitude 


77      6 
38    33 


Meridional  parts  2528 
Meridional  parts  2492 

36 


By  inspection  of  Table  II.  tt  appears  that  the  difference  of  latitude  27.8 
and  departure  69.3  correspond  to  a  course  of  68^  nearly,  and  a  distance  of 
75  miles  ;  and  in  the  same  page  of  the  Table  opposite  to  the  meridional  dif- 
ference of  bititude,  found  in  the  column  of  latitude,  stands  the  difference  of 
longitude  89  miles  in  the  departure  column;  this  subtracted  from  the  longi- 
tude of  Cape  Henlopen  75<^  17'  \%  leaves  the  longitude  in  73°  38'  W.  by 
Mercator's  Sailing.  Or,  with  the  Middle  Latitude  38°  33/  to  39^  as  a  course, 
find  the  departure  69.3  in  the  latitude  column,  opposite  to  which  is  89  in 
the  distance  column,  which  is  the  difference  of  longitude  by  Middle  Latitude 
Sailing ;  consequently  the  longitude  in  is  73^  38'  W.  as  abc^re. 

Thus  iffe  see  that  such  examples  are  performed  as  in  Traverse  Sailing  and 
Case  II.  of  Mercator's  or  Middle  Latitude  Sailing,  either  by  Inspection,  as 
abovf,  or  by  the  scale  of  logarithms*  ^alp 


86  MERCATOR'S  SAILING. 

Having  gone  tiirough  the  necessary  problems  in  Mercator*s  Sajling,  w« 
shaU  now  show  how  Mercator*s  Chart  may  be  constructed  by  means  of  the 
Table  of  Meridional  Parts. 

7\i  construct  a  Mercatofs  Chart  to  commence  at  the  Efptator. 

Suppose  it  was  required  to  construct  tlie  Chart  in  the  Plate  prefixed  to  this 
work  which  begins  at  the  equator,  and  reaches  to  the  parallel  of  50  degrees, 
and  contains  95  degrees  of  longitude  west  from  the  meridian  of  Greenwich? 

Draw  the  line  AD  representing  the  equator,  then  take  from  any  scale  of 
equal  parts  the  number  of  minutes  contained  in  95  degrees,  viz.  5700,  which 
set  off  jfrom  A  to  D ;  subdivide  this  line  into  95  equal  parts  representing  de- 
grees of  longitude.  Through  A  and  D  draw  the  lines  AB,  DC  perpendicu- 
lar to  AD,  and  make  each  of  them  equal  to  9474  which  are  the  meridional 
parts,  corresponding  to  50  degrees.  Join  BC  which  must  be  subdivided  in 
the  same  manner  as  the  line  AD ;  and  through  the  corresponding  jpoints  of 
th%  tines  AD,  BC  must  be  drawn  (at  the  distance  of  10^  or  20^)  the  lines  pa- 
rallel to  AB,  representing  meridians  of  the  earth ;  these  lines  must  be  num- 
bered 0,  10,  90,  &Le.  beginning  at  the  line  AB  which  represents  the  meridian 
of  Greenwich.  Set  off  in  like  manner  upon  the  meridians  AB,  DC,  (begin- 
ning ttom  the  equator  AD)  the  meridional  parts  corresponding  to  each  de- 
gree of  latitude  from  0^  to  50^ ;  and  through  the  corresponding  points  (at 
the  distance  of  10^  or  20^)  draw  lines  parallel  to  the  equator  AD,  to  repre- 
sent the  parallels  of  latitude.  Then  the  upper  part  of  the  chart  will  repre- 
sent the  north,  the  lower  the  south,  the  right  hand  the  east,  and  the  left  hand 
the  west  (which  is  generally  supposed  in  charts,  unless  the  contrary  is  ex- 
pressly mentioned.) 

If  the  Chart  does  not  commence  at  the  equator,  but  is  to  serve  for  a  cer- 
tain portion  of  the  globe  contained  between  two  parallels  of  latitude  on  the 
%ame  side  of  the  equator,  you  must  draw  the  meridians  as  directed  in  the 
last  example;  then  subtract  the  meridional  parts  of  the  least  latitude  of  the 
•chart  from  the  meridional  parts  of  the  other  latitudes,  and  set  off  these  dif- 
ferences on  the  extreme  meridians,  draw  lines  through  the  corresponding 
'pcMnts,  and  the^  will  be  the  parallels  of  latitude  on  the  chart. 

If  the  chart  is  to  be  bounded  by  parallels  of  latitude  on  different  sides  of 
the  equator,  you  must  draw  a  line  representing  the  equator,  and  perpendicu- 
lar to  it  draw  the  lines  to  represent  the  meri£ans,  continuing  them  on  both 
fudes  of  the  equator ;  then  set  off  the  parallels  of  latitude  on  both  sides  of  the 
equator,  in  the  same  manner  as  in  the  first  example. 

Take  from  the  Table  of  latitudes  and  longitudes  of  places  the  ktitude  and 
longitude  of  each  particular  place  contained  within  the  bounds  of  the  diart, 
and  la^  a  rule  over  its  latitude  and  another  crossing  that  over  its  longitude ; 
the  point  where  these  meet  will  represent  the  proposed  place  upon  the  chart. 
The  mpst  remarkable  point  of  a  sea  coast  "being  thus  laid  down,  lines  may 
be  drawn  from  point  to  point  which  will  form  the  outlines  of  the  sea  coast, 
islands,  &&c.  to  which  may  be  annexed  the  depths  of  water  expressed  in  com- 
mon Arabian  numbers,  'the  time  of  high  water  on  the  full  and  change  days 
expressed  in  Roman  numbers:  the  setting  of  the  tide  expressed  by  an  ar- 
row ;  and  whatever  else  may  be  thought  convenient  for  the  chart  to  contain. 

This  chart  is  not  to  be  considered  as  a  just  representation  of  the  earth*s 
surffice,  for  the  figures  of  islands  and  countries  are  distorted  towards  the 
poles,  as  is  evident  from  the  construction ;  but  the  degrees  of  latitude  and 
hingitude  arc  increased  in  the  same  proportion,  so  that  the  bearings  between 
places  will  be  the  same  on  the  chart  as  on  the  globe ;  and  as  the  meridians 
are  right  lines,  it  follows,  that  the  rhumbs,  which  form  equal  angles  with  the 
meridians,  will  be  straight  lines,  which  render  this  projection  of  the  earth*^ 
surface  much  more  easy  and  proper  for  the  mariner's  use  than  any  other. 

Having  sthe  latitude  and  Umgitude  of  a  ship  or  plaetj  to  find  the  corresponding 
point  on  the  chart. 

Re  145.    Lay  a  ruler  across  the  chart  in  the  given  parallel  of  latitude:  take 
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in  your  eompasses  tlie  nearest  distance  between  the  given  longitude  and  the 
nearest  meridian  drawn  across  the  chart;  put  one  foot  of  the  compasses  vk 
the  point  of  intersection  of  the  ruler  and  meridian,  and  extend  the  other 
along  the  edge  of  the  ruler  on  the  same  side  of  the  meridian  as  the  place 
lies,  and  that  point  will  represent  the  place  of  the  ship. 

If  the  longitude  on  the  chart  be  counted  from  a  different  meridian  from, 
that  you  reckon  from,  you  must  reduce  the  given  longitude  to  the  longitude 
of  the  chart,  by  adding  or  subtracting  the  difference  of  longitude  of  those 
meridians,  and  then  mark  off  the  ship's  place  as  before  directed.  Or,  you 
may  draw  a  meridian  line  through  the  place  you  reckon  your  longitude  from; 
then  measure  off  the  ship^s  lon^tude  on  the  equator,  and  apply  it  to  the 
edge  of  the  ruler,  from  this  mendian,  and  you  will  obtain  the  ship's  place. 

To  find  the  bearing  of  mug  place  from  the  ship. 

Rule.  Liay  a  ruler  across  the  given  place  and  the  place  of  the  ship;  set 
one  foot  of  the  compasses  in  the  centre  of  some  compass  near  the  ruler,  and 
take  the  nearest  distance  to  the  edge  of  the  ruler;  sfide  one  foot  of  the  com* 
passes  along  that  edge  keeping  the  other  extended  to  the  greatest  distance 
IVofm  the  ruler,  and  observe  what  point  of  the  compass  it  comes  nearest  to, 
for  that  will  be  the  bearing  required. 

To  find  the  distance  of  any  place  from  the  ship. 

Rui.1:.  Take  the  distance  between  the  ship  and  given  place  in  your  com- 
passes and  apply  it  to  the  side  of  the  chart  or  graduated  meridian,  setting 
one  foot  as  much  above  one  place  as  the  other  is  below  the  other  place,  the 
number  of  degrees  between  the  points  of  the  compasses  will  be  the  distance 
nearly. 

When  the  places  bear  north  and  south  of  each  other  this  rule  is  accurate ; 
but  when  they  bear  nearly  east  and  west,  and  the  distance  is  large,  it  will  err 
considerably;  but  in  general  It  is  exact  enough  for  common  purj^oses;  if 
l^reater  accuracy  is  required,  it  is  best  to  find  the  distance  by  cakulation. 

If  any  one  wishes  to  estimate  the  distance  accurately  by  the  diart,  he 
must  proceed  in  the  following  manner: 

1.  If  the  place  be  in  the  same  longitude  that  the  ship  is  in,  then  the  pre* 
ceding  rule  is  accurate. 

ft.  If  the  place  be  in  the  same  latitude  as  the  ship,  or  bear  east  or  west,  the 
distance  cannot  be  obtained  without  calculating  it  by  Case  I.  of  Parallel 
Sailing. 

9.  If  the  place  be  neither  in  the  same  latitude,  nor  in  the  same  longitude 
as  the  sfadp,  the  distance  must  be  found  in  the  following  manner :  Lay  a  ruler 
over  both  places,  and  draw  through  one  of  them  a  parallel  to  the  equator: 
take  the  difference  of  latitude  between  both  places  in  your  compasses  from 
the  equator;  slide  one  foot  on  that  parallel,  keeping  tne  other  extended  so 
that  both  points  shall  be  on  the  same  meridian,  and  note  tiie  point  of  the 
ruler  whicn  is  touched  by  the  other  foot  of  the  compasses,  take  the  distance 
from  tbds  point  to  the  given  place  through  which  the  parallel  was  drawn  and 
apply  it  to  tiie  equator,  and  you  will  have  the  sought  distance. 

The  bearing  and  distance  of  any  two  places  from  each  other  may  be  found 
in  the  same  manner  as  the  bearing  and  distance  of  any  place  from  the  fihip. 

EXAMPLE. 

Required  the  bearing  and  dbtance  between  the  east  end  of  Long-Island 
and  the  north  part  of  Bermudas? 

A  ruler  being  laid  over  both  places  as  directed  in  the  preceding  rule,  it  will 
be  found  to  lay  parallel  to  the  N.  W.  by  N.  and  S.  E.  by  S.  line;  and  the' 
distance  between  the  two  places  beings  taken  in  the  compasses,  and  applied 
to  the  graduated  meridian,  will  measure  about  10  degrees  or  600  miles  \ 
therefore  these  places  bear  from  each  other  N.  W.  by  N.  and  S.  E.  by  S.  and 
th«ir  distance  is  600  miles  nearly. 
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OF  THE  LOG-LINE  &  HALF  MINUTE  GLAS^. 

VARIOUS  methods  have  been  proposed  for  measuring  the  rate  at  which 
a  ship  sails,  but  that  most  in  use  i^  by  the  Log  and  Half-Minute  Glass. 

The  Log  is  a  flat  piece  of  thin  board,  of  a  sectoral  or  quadrantal  form, 
(see  Plate  VI.  Fig.  3)  loaded  on  the  circular  side  with  lead  sufiicient  to  make 
it  fwim  iq>right  in  the  water:  to  this  is  fastened  a  line  about  150  fathoms 
long,  called  the  Log-line,  which  is  divided  into  certain  spaces  called  knots, 
and  is  wound  on  a  reel  (see  Plate  VI.  Fig.  4)  which  turns  Yhtj  easily, 
^he  Half-Minute  Glass  b  of  the  same  form  as  an  Hour  Glass,  (see  Plate  V'l. 
Fig.  2)  and  contains  such  a  quantity  of  sand  as  will^run  through  the  hole  in 
Its  neck  in  half  a  minute  of  time. 

The  making  of  the  experiment  to  find  the  velocity  of  the  ship  is  called 
heaving  the  loc,  which  is  thus  performed.  One  man  holds  the  reel,  and 
another  the  hafr-minute  glass;  an  officer  of  the  watch  throws  the  log  over 
tile  ship's  stem,  on  the  lee  side,  and  when  he  observes  the  stray  line  is  run 
off  (which  is  about  ten  fathoms,  this  distance  being  usually  allowed  to  carry 
the  log  out  of  the  eddy  of  the  ship's  wake)  and  the  first  mark  (which  is 
generally  a  red  rag)  is  going  off,  he  cries  turn!  the  glass  holder  answers 
donef  wno  watching  the  glass,  the  mo;nent  it  is  run  out  says  atop  I  the 
reel  being  immediately  stopt,  the  last  mark  run  off  shows  the  number  of 
knots,  and  the  distance  of  that  mark  from  the  reel  is  estimated  in  fathoms. 
Then  the  loiots  and  fathoms  together,  show  the  distance  the  ship  has  run 
the  prececting  hour,  if  the  wind  has  been  constant.  But  if  the  eale  has  not 
been  the  same  during  the  whole  hour,  or  time  between  heaving  the  log,  or  if 
th«re  lias  been  more  sail  set  or  handed,  a  proper  allowance  must  be  made. 
Sometimes  when  the  ship  is  before  the  wind,  ana  a  great  sea  setting  alter  her, 
it  will  bring  home  the  log;  in  such  cases  it  is  customary  to  allow  one  mile 
in  10,  and  less  in  proportion  if  the  sea  be  not  so  great;  allowance  ought  also 
to  be  made  if  there  be  a  head  sea. 

This  practice  of  measuring  a  ship's  rate  of  sailmg  is  founded  upon  the 
following  pnncii^e:  That  the  length  of  each  knot  b  the  same  part  of  a  sea 
mile,  as  half  a  minute  is  of  an  hour.  Therefore  the  length  of  a  knot  ought 
to  be  rir  of  a  sea  mile;  but  by  various  admeasurements  it  has  been  found 
that  the  length  of  a  sea  mile  is  about  6120  feet;  hence  the  length  of  a  sea 
knot  should  be  51  feet:  each  of  these  knots  is  divided  into  10  fathoms  of 
about  5  feet  each.  If  the  glass  be  only  28  seconds  in  running  out,  the  length 
of  the  knot  ought  to  be  47  feet  and  6  tenths.  These  are  the  length  generally 
recommended  in  books  of  navigation,  but  it  may  be  observed,  that  in  many 
trials  it  has  been  found,  that  a  ship  will  generally  over*run  her  reckoning  with 
a  log-line  thus  marked;  and  since  it  is  best  to  err  on  the  safe  side,  it  has  been 
generally  recommended  to  jshorten  the  above  measures  by  3  or  4  feet,  making 
the  length  of  a  knot  about  H  fathoms  of  6  feet  each,  to  correspond  with  a 
glass  that  runs  28  seconds. 

In  heaving  the  log  you  must  be  careful  to  veer  out  the  line  as  fast  as  the  log 
will  take  it;  for  if  the  log  is  left  to  turn  the  reel  itself,  the  log  will  come  home 
and  deceive  you  in  your  reckoning.  You  must  also  be  careful  to  measure  the 
log-line  pretty  often,  lest  it  stretch  and  deceive  you  in  the  distance.  Like 
r^ard  must  be  had  that  the  half-minute  glass  be  just  30  seconds,  otherwise 
no  accurate  account  of  the  ship's  way  can  be  kept  The  glass  is  much  influ- 
enced by  the  weather,  running  slower  in  damp  weather  than  in  dry.  The 
half-minute  glass  may  be  exanuned  by  a  watch  with  a  second  hand,  or  by  the 
following  metiiod— -Fasten  a  plummet  on  a  line  and  hang  it  on  a  nail,  ob^rv- 
ing  that  the  distance  between  the  nail  and  middle  of  the  plummet  be  39^ 
inches,  then  swing  the  plummet  and  notice  how  often  it  swings  while  the  glass 
is  running  out,  ana  that  will  be  the  number  of  seconds  measured  by  the  glass. 

To  correct  the  diataiyx  tchen  the  log-line  and  hatf-minule  gkua  arc  faulty* 

If  there  be  any  error  in  the  lOg-line  or  g)asft<,  the  measnrejd  dist^ncf  mi<§jP 

uiyiuzeu  uy  x_j  v_/ v^ pc  in^ 
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h«  corrected  io  the  folio  wing  manner,  supposing  that  a  3Q^  glass  requires  SO 
Cect  to  a  knot. 

(1.)  If  the  glass  only  is  faulty,  you  must  say,  as  tJie  Kcorids  run  by  the 
^lasa  art  to  SO  stCfmxU^  so  is  the  distance  given  hy  the  log  to  the  true  distance. 

Thus  if  a  siiip  sails  8i  knots  per  hour,  by  a  glass  of  3*3  seconds,  the  true 
number  of  knots  per  hour  will  be  7,1 ;  for,  36  :  30 :  :  8,5  ;  7,1. 

(2.)  If  the  log-line  only  is  faulty,  you  must  say,  as  00  feet  is  to  the  dis- 
tance of  a  knot  on  the  /me,  so  is  the  distance  run  by  the  log  to  the  true  distance. 
Thus,  if  a  ship  sails  7  knots  per  hour,  by  a  log-line  measuring  53  feet,  her 
true  distance  will  be  7,4  miles  per  hour,  because,  50  :  53  :  :  7  :  7,4. 

(3.)  If  the  log-line  and  glass  are  both  faulty,  you  must  say,  as  50*  mtd- 
tipiied  by  the  length  of  the  glass  is  to  30  multiplied  by  the  length  of  the  line,  so 
is  the  measured  to  ike  true  distance,  .Thus,  if  a  ship  sails  6  knots  per  hour 
with  a  glass  of  34  seconds,  and  a  log-line  of  60  feet  per  knot,  her  true  relo- 
city  will  be  9  miles  per  hour,  because  50  x  £1^ :  30  X  60  :  :  6:9. 


DESCRIPTION  ANB  USE 

OF    A 

QUADRANT  OF  REFLECi  10i\, 

MR.  JOHN  HADLEY  was  the  first  who  published  a  description  of  the 
Quadrant  of  Reflection,  for  measuring  angular  distances,  and  tiie  instrument 
still  bears  his  name,  although  it  has  been  ascerUiined  that  Sir  Isaac  Ntwto/i 
(invented  a  similar  onejiome  years  before,  but  never  made  it  public :  one  of 
our  countrymen,  Mr.  Thomas  Godfrey^  of  Philadelphia,  had  also  contrived 
an  instrument  on  the  same  principles  some  time  before  Mr.  Uadley  madf^ 
kxK)wn  his  discovery. 

Figure  1,  Plate  YII.  represents  a  Quadrant  of  Reflection,  the  princj])al 
parts  of  which  are,  the  frame  ABC»  the  graduated  arch  BC,  the  index  D, 
the  nonius  or  vernier  scale  E,  the  index  glass  F,  the  horizon  glasses  G  and 
H,  the  dark  glasses  or  screens  I,  and  the  sight  vanes  K  and  L. 

The  graduated  arch  BC  is  an  octant  or  eighth  part  of  a  circle,  but  on  ac- 
count of  the  double  reflection  is  divided  into  90^  numbered  from  0'^  towardtr 
the  left,  and  each  degree  is  commonly  divided  into  three  equal  parts  of  *do 
minutes  each.  The  graduation  on  the  timb  is  continued  a  few  degrees  to 
the  right  of  0*^ ;  this  portion  is  called  the  arch  of  txcess,  and  is  found  very 
convenient  for  several  purposes. 

The  index  D  is  a  flat  bar  commonly  made  of  brass,  moveable  round  the 
centre  of  the  instrument,  and  broader  towards  the  axis  of  motion,  where  is 
fiA^d  the  index  glass  F ;  at  the  other  end  is  fixed  tlie  nonius  or  vernier  scale, 
used  in  estiniating  the  subdivisions  of  the  arch  ;  at  the  bottom  or  end  of  thu 
index  there  is  a  piece  of  brass  which  leads  under  the  arch,  having  a  spring 
to  make  the  vermer  lie  close  to  the  limb,  and  a  screw  to  fasten  it  in  any  po- 
sition. Some  quadrants  have  a  tangent  screw  affixed  to  the  lower  part  of 
the  index  to  adjust  its  motion.  The  vernier  is  a  small  narrmv  slip  of  brass 
or  ivory  fixed  to  that  part  of  the  index  which  slides  over  the  graduated  arch, 
and  usually  contains  a  space  equal  to  £1  or  19  divisions  of  the  limi>»  and  is 
divided  into  20  equal  parts;  hence  the  difference  between  a  division  on  the 
limb,  and  a  division  on  the  dividing  scale,  is  one  twentieth  of  a  division  of 
the  limb,  or  one  minute ;  therefore,  if  any  division  on  the  vernier  is  in  the 
same  straight  line  witii  a  division  of  the  limb,  then  no  other  division  on  the 

•  Inaieaa  of  maltlplying  tli«  length  of  the  giass  by  50,  and  ihe  line  by  80,  you  may  muUipIv  the  for- 
la^r  by  S,  aiid  tb«  tatter  by  3.  If  any  one  chouses  to  mark  the  log  lioe  at  le«s  ihnii  OO  feet  for  *o  glHSs  u[ 
iH)  ^ecoBifs,  he  mast  imi  Ua  estimaieJ  Ic-n^h  of  tha  knot  iiiMead  of  dU,  hi  all  the  above  ruif*. 

o 
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Vf^niier  can  coincide  with  a  division  of  the  limb,  the  extreme  divisions  er- 
eepted.  Some  time  ago  it  was  usual  to  reckon  the  divisions  on  the  vernier 
from  its  middle  towards  the  right,  atld  from  the  loft  towards  the  middle  ^ 
but  this  being  found  inconvenient,  a  more  commodious  method  has  been  in- 
froduced  of  numbering  from  right  to  left ;  hence  the  degree  and  minute, 
pointed  out  by  the  vernier,  may  be  found  thus :  obsen^e  Ivhat  minute  on  the 
remier  coincides  with  a  division  on  the  limb,  then  this  minute,  being  added 
to  the  degree  and  parts  of  a  degree  on  the  limb  immediately  preceding  the 
first  division  on  the  vernier,  will  be  the  degree  and  minute  required.  Thus, 
suppose  10'  on  the  vernier  coincided  with  a  division  on  the  limb,  and  that 
the  division  on  the  limb  preceding  the  first  division  of  the  vernier,  was  8^  20', 
the  division  pointed  out  by  the  vernier  would  be  8^  SC. 

The  index  s^lass  F,  is  a  plane  speculam  or  mirror  of  glass,  qliicksilvered 
and  set  in  a  brass  frame ;  it  is  so  placed  that  the  face  of  it  isjperpendicular 
to  the  plane  of  the  instrument,  and  is  fixed  to  the  index  by  the  screw  M ;  the 
other  screw  N  serves  to  replace  it  in  a  perpendicular  position,  if  by  any 
accident  it  has  been  put  out  of  order.  The  use  of  this  mirror  is  to  receive 
the  rays  from  the  sun,  or  other  object  observed,  and  reflect  them  towards 
the  horizon  glasses. 

The  horizon  glasses  G  and  tl,  are  two  small  speculums — G  is  called  the 
fore  horizon  glass,  from  its  being  used  in  the  conmion  or  fore  observation, 
-  where  the  observer's  face  is  turned  towards  the  object ;  and  H  the  back  hori- 
zbn  glass,  being  used  in  the  back  observation,  where  the  observer's  back  is 
turned  towardfi  the  object ;  these  mirrors  receive  the  reflected  rays  from  the 
index  glass  and  reflect  Ihem  to  the  eye  of  the  observer.  The  horizon 
glasses  are  not  entirely  quicksHvered ;  the  fore-horizOn  glass  G  is  only  sil- 
Tered  on  the  lower  half,  the  other  part  being  transparent,  and  the  back  part 
of  the  fname  cut  away,  that  the  horizon  or  any  other  object  may  be  seen 
through  it ;  the  back-liorizOn  glass  H,  is  silvered  at  both  ends  ;  in  the  mid- 
dle is  a  transparent  slit,  through  which  the  horizon  may  be  seen  :  these  two 
glasses  are  set  in  brass  frames  similar  to  that  of  the  index  glass,  and  fixed  on 
moveable  bases,  which  are  adjusted  by  screws  so  as  to  set  the  glasses  in  their 
true  positions.  In  general  there  are  three  dark  glasses  or  screens  I,  two  red 
ibnes  of  different  shades,  and  one  green ;  each  is  set  in  a  brass  frame,  which 
turns  on  a  centre  that  they  may  be  used  separately  or  together  :  .they  serve 
to  defend  tlie  eye  from  the  rays  of  the  sun  during  an  observation.  The  green 
glass  is  peculiarly  adapted  to  take  off  the  glare  of  the  moon,  but  may  be 
used  for  the  sun  wlien  much  obscured  by  clouds.  When  these  glasses'  are 
used  for  a  fore-observation,  they  are  to  be  fixed  as  in  fig.  I,  but  when  used 
for  a  back-observation  they  are  to  be  placed  at  O. 

The  sight  vane^,  K  and  L,  are  pieces  of  brass  standing  perpendicular  <o 
the  plane  of  the  instrument ;  the  vane  K  is  called  the  fore-sight  vane,  And  h 
the  oack'Sight  vane.  There  arc  ti^^o  holes  in  the  fore-sight  vane,  the  lower 
of  which,  and  the  upper  edge  of  the  silvered  part  of  the  fore-horizon  glass 
are  equi-distant  from  the  plane  of  the  instrument,  and  the  other  hole  is  oppo- 
site to  the  middle  of  the  transparent  part  of  that  glass.  The  back-sight  vane 
has  one  perforation  which  is  exactly  opposite  to  the  middle  of  the  transpa- 
rent slit  in  the  back-horizon  glass. 

The  adjusting-lever,  (fig.  2,)  which  is  fixed  on  the  back  of  the  quadrant, 
serves  to  adjust  the  horizon  glass,  by  placing  it  parallel  to  the  index- glass; 
when  this  lever  is  to  be  made  use  of,  the  screw  B  must  be  first  loosened,  and 
when  by  the  adjuster  A  the  horizon  glass  is  sufliciently  moved,  the  screw  B 
must  be  fastened  again,  by  which  means  the  horizon  glass  will  be  kept  from 
changing  its  position. 

To  adjust  a  quadrant. 

As  the  quadrant,  from  various  accidentia,  is  liable  to  be  out  of  order,  it  is 
necessary  that  the  mariner  should  be  able  to  ascertain  the  errors,  and  re- 
adjust the  several  parts  before  he  proceeds  to  make  his  observations.  For 
this  purpose  he  must  examine  whether  the  index  glass  and  the  horizon 
glasses  be  perpendicular  to  the  plane  of  the  instrument,  and  whether  the 
plane  of  the  fore-hwizon  glass  be  parallel,  and  that  oj^^d^  ^^-fyi}T[izm  glass 
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*  perpendicular  to  the  plane  of  the  index  glass,  when  0  on  tlie  %'ernj^r  stands 
against  0  on  the  limb. 

JsL     To.  ascertain  whether  ih^  index  glass  he  perpendicular  to  the  plane  of  (he 

Quadran^, 
Place  the  index  on  the  middle  of  the  arch,  and  hold  the  index  glass  nc;ir 
the  eye,  look  into  it,  in  a  direction  parallel  to  the  plane  pf  the  instrument, 
and  see  if  the  reflected  arch  appear  exactly  in  a  line  with  the  arch  seen  di- 
rect, or  if  the  ;mage  of  any  point  of  the  arch  near  B  appear  of  the  samo 
height  as  the  corresponding  part  of  the  arch  near  C  seen  direct,  if  so,  the 
index  glass  is  perpendicular  to  the  plane  of  the  quadrant;  if  not,  the  errnr 
must  be  rectified  by  the  screws  on  the  base  behind  tlie  frame,  by  loosening 
the  scr«w  M,  anddghteoing  the  screw  N,  or  by  loosening  the  screw  N,  and 
tightening  the  screw  M. 

£d.     To  ascerkun  whether  the  fore-horizon  glass  be  perpendictdar  to  the  plaiir, 

of  the  ^itadrant, 

HaTing  adjusted  the  index  glass,  hold  the  instrument  in  a  vertical  po*»i- 
tion;  look  through  the  fore-sight  vane,  and  move  the  index  till  the  reflected 
and  direct  images  of  the  horizon,  seen  in  the  horizon  glass,  coincide;  then 
incline  the  inslrament  till  its  plane  is  nearly  parallel  to  the  horizon;  if  tlie 
images  still  coincide,  the  horizon  glass  stands  perpendicular,  otherwise  it 
does  not,  and  must  be  adjusted  by  the  screws  placed  before  and  behind  it, 
loosening  one  of  them  and  tightening  the  other. 

This  adjustment  may  be  made  by  the  sim,  moon,  or  star,  by  holding  the 
quadrant  m  a  vertical  position,  and  observing  if  the  object  seen  by  reflectipn 
appears  to  the  right  or  left  of  the  object  seen  direct;  and  moving  the  scre^^  i 
as  above  till  both  images  coincide. 

After  having  made  the  horizon  and  index  glasses  parallel,  according  to  thr« 
directions  in  the  following  article,  it  will  be  best  to  re-examine  this  adjust- 
ment 

3d.  To  make  the  horizon  glass  parallel  to  the  index  glas^  wheij,  Q  on  Hie  vernkv 
stands  onO  on  the  ardu 
Having  fixed  the  index  so  that  0  on  the  vernier  stands  on  0  on  the  arrh, 
look  at  any  distant  object  and  see  if  the  image  of  it  coincides  with  the  object 
itself:  if  it  does,  the  adjustment  is  complete ;  if  not,  they  must  l)e  made  to 
coincide  by  means  of  the  adjusting  hever.  Tlie  horizon  may  be  used  for  this 
purpose  in  the  following  manner:  hold  tlie  plane  of  the  instrument  vertical, 
look  through  the  lower  hole  in  the  vane  K,  and  direct  the  sight  through  the 
transparent  part  of  the  Glass  G  to  the  horizon;  then  if  the  horizon  line, 
seen  in  the  sdvered  and  transparent  part,  coincides,  or  makes  one  straight 
line,  the  horizon  glass  is  said  to  be  adjusted;  but  if*  the  horizon  lines  do  not 
comcide,  slacken  the  screw  B  (fig.  2)  in  the  middle  of  the  adjusting  lever, 
and  turn  the  horizon  glass  on.  its  axis  until  the  horizon  lines  coincide,  then 
fix  the  lever  firmly  by  tightening  the  screw  Br  If  this  adjustment  be  again 
examined,  it  will  perhaps  be  found  imperfect;  in  this  case,  therefore,  it  re- 
mains either  to  rejjeat  the  adjustment,  or  find  the  error  of  it  usually  called 
the  index  error,  which  may  be  done  thus — Let  the  horizon  glass  remain  fixed, 
and  move  the  index  till  the  image  and  object  coincide,  then  the  differeiico 
betw^n  0  on  the  vomier  and  0  on  the  arch  is  the  index  error,  which  is  to^ 
be  added  to  the  angle  or  altitude  observed,  if  the  0  on  the  vernier  be  to  tli?. 
right  hand  of-0  on  the  arch,  otherwise  to  be  subtracted.  Thus  if  the  hori- 
zon was  used,  the  instrument  being  held  in  a  vertical  position,  you  must  look 
through  the  lower  hole  of  the  vane  K,  towards  the  horizon ;  then  move  the 
index  till  the  reflected  and  direct  images  of  the  horizon  coincide,  tlie  diflVr- 
ence  between  0  on  the  vernier  and  0  on  the  arch  will  be  the  index  error. 

•*th.  To  adjust  the  back-horizon  glass,  thai  it  may  be  perpendicular  to  the  plane 
of  the  index  glass,  when  0  on  the  vernier  stands  on  0  on  the  arch. 
S**!  the  index  a3  far  to  the  right  of  0  on  the  arch  as  t^vice  the  dip  of  thli 
horizon  (t^kcn  from  Table  XIII.)  hold  the  quadrant  in^.^YITSfc^iLp^Utlig 
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look  towards  the  horizon  through  the  hole  in  the  back  horizon  rane  L,  and 
tiie  transparent  slit  of  the  back  horizon  glass  H,  then  if  the  reflected  horizon, 
which  will  appear  inverted,  coincide  with  that  seen  direct,  the  glass  is  truly 
adjusted,  otherwise  the  screw,  in  the  centre  of  the  lever  on  the  under  side 
of  the  quadrant,  must  be  slackened,  and  the  glass  turned  on  its  axis  till  botk 
hprizons  coincide,  when  the  lever  should  be  fixed  by  tightening  the  screw. 

!>th.  To  adjust  the  back  korhtm  glasB  that  it  may  he  perpendicular  to  thi 
^ylant  of  the  quadrant. 
Put  the  index  onO;  hold  the  quadrant  nearly  parallel  to  the  horizon; 
look  through  the  hole  on  the  back  sight  vane,  and  if  the  true  and  reflected 
horizons  appear  in  the  same  straight  line,  the  glass  is  perpendicular  to  the 
plane  of  the  instrument;  but  if  they  do  not  coincide,  the  sunk  screws  before 
and  behind  the  glass  must  be  turned  till  both  appear  to  form  one  straight  line# 

To  take  an  altitude  of  the  Sun  by  a  Fore  Observation. 
If  the  sun  is  bright,  turn  down  one  or  more  of  the  dark  glasses;  hold  the 
instrument  in  a  vertical  position;  apply  the  eye  to  the  upper  hole  in  the  fore- 
sight vane,  when  the  image  is  so  bright  as  to  be  seen  in  the  transpeflrent  part 
of  the  fore-horizon  glass,  otherwise  to  the  lower  hole ;  direct  the  sight  t» 
that  part  of  the  horizon  beneath  the  sun,  and  move  the  index  till  you  bring 
the  image  of  his  lower  limb  to  touch  the  horizon  directly  under  him;  but 
as  this  point  cannot  be  exactly  ascertained,  the  obsener  should  move  his 
instrument  round  to  the  right  and  left  a  little,  keeping  as  nearly  as  possible 
the  sun  always  in  that  part  of  the  horizon  glass,  which  is  at  the  same  distance* 
as  the  eye  from  the  plane  of  the  quadrant,*  by  which  modon  the  sun  will 
appear  to  sweep  the  horizon,  and  must  be  made  to  touch  it  at  the  lowest  part 
of  the  arch ;  the  degrees  and  minutes  pointed  out  by  the  index  will  be  the 
observed  altitude  of  the  sun's  lower  limb  at  that  instant. 

*  To  take  an  altitude  of  the  Moon  by  a  Fore  Observation. 

In  the  night  when  the  moon  is  bright,  her  image  may  be  seen  in  the  trans- 
parent part  of  the  fore-horizon  glass,  and  the  observation  may  be  taken  ex« 
iictly  in  the  same  manner  as  an  obser\'ation  of  the  sun.  If  the  image  is  se 
faint  as  not  to  be  seen  in  the  transparent  part  of  the  horizon  glass,  you  must 
set  the  index  to  0,  hold  the  plane  of  the  quadrant  in  a  vertical  position,  di- 
rect the  sight  to  the  moon,  and  at  the  same  time  look  for  her  reflected  image 
in  the  silvered  part  of  the  horizon  glass ;  move  the  index  forward  till  the 
moon's  image,  which  will  appear  to  descend,  just  touches  the  horizon,  then 
sweep  the  quadrant  as  in  observing  the  sun,  and  bring  her  round  limb  into 
contact  with  the  horizon,  whether  it  be  her  upper  or  lower.  The  degreds 
and  minutes  pointed  out  by  thejndex  will  be  the  observed  altitude  of  that 
lihib  which  was  brought  in  contact  witli  the  horizon. 

To  take  an  altitude  of  a  Star  by  a  Fore  Observation. 
This  is  done  exactly  in  the  same  manner  as  in  observing  the  moon's  alti- 
tude when  her  image  is  »o  faint  as  not  to  be  seen  in  the  transparent  part  <ff 
the  horizon  glass. 

To  take  the  Sun's  altitude  by  a  Back  Obstrvation. 
Put  the  dark  glasses  in  the  hole  O,  and  turn  one  or  more  of  them  dowQ, 
according  to  the  brightness  of  the  sun ;  then,  holding  the  instrument  in  a 
vertical  position,  look  through  the  back  sight  vane  towards  that  part  of  the 
horizon  opposite  the  sun;  move  the  index  till  the  sun's  image  is  seen  in  the 
silvered  part  of  the  glass ;  give  the  quadrant  a  slow  vibratory  motion  and 
the  sun  will  appear  to  describe  an  arch  with  its  convex  side  upward;  bring 
the  upper  limb,  when  in  the  upper  part  of  this  arch,  in  contact  with  th^t  part 
of  the  horizon  seen  through  the  transparent  slit,  and  the  degrees  and  minutes 

*  In  common  c|uadrants,  if  the  upper  hole  be  lookeil  through,  the  fuq's  image  must  be  roA<1e  to  appmr 

*•  Mft  the  middle  of  the  transparent  part  of  the  horizon  glass  but  if  the  lower  >oie  be  looked  throagb,  tiM 

image  must  be  made  to  appear  on  the  line  joining  the  silvered  and  transparent  parts  of  the  horizon  glaM, 

ni>  ilieee  parts  of  the  horiioi!  glass  are  at  th«  same  distances  Irom  the  plane  of  MieinstFum<;ut  as  cJie  noies 

\,i  ifie  sight  Tan«s  respectively. 
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jiomted  out  by  the  Itidex,  will  be  the  altitude  of  the  sun's  lower  limb.  The 
altitude  of  the  moon  or  a  star,  may  be  obtained  in  the  same  manner,  only 
•bserving  to  bring  the  round  edge  of  the  moon  to  the  horizon.. 

The  back  observation  is  but  little  used  on  account  of  the  difficulty  of  ad- 
justing and  observing :  various  remedies  have  been  proposed  for  these  de- 
fects, but  none  have  yet  been  generally  adopted.  The  back  observation  of 
the  altitude  of  any  object  is  useful  only  when  there  is  not  an  open  horizon 
for  the  fore  observation ;  but  even  in  that  case  the  fore  observation  might 
often  be  used,  if  the  distance  of  the  horizon  was  known,  as  tyiil  be  explain- 
ed farther  on. 

•To  iake  the  meridian  akitudt  niftmy  eeUMial  objtctlnf  a  Fore  Obaervatian. 

When  'the  object  rises  and  sets,  it  comes  to  the  meridian  above  the  hori- 
zon only  once  in  £4  hours,  and  is  then  at  its  greatest  altitude,  by  observing 
which,  the  latitude  may  be  easily  determined.  The  sun  comes  to  the  meri- 
dian exactly  at  noon  or  12  o'clock :  the  moon  and  stars  at  various  hours. 
To  observe  the  meridian  altitude,  begin  a  few  minutes  before  the  time  of 
passing  the  meridian ;  bring  the  object  to  sweep  the  horizon  according  to 
the  preceding  directions ;  this  must  be  repeateci  until  the  object  begins  to 
descend 4>elow  the  edge  of  the  sea;  the  degrees  and  minutes  then  shewn  hy 
the  index  will  be  the  meridian  altitude. 

If  the  object  does  not  set,  it  comes  to  the  meridian  below  the  pole,  and  is 
til  en  at  its  least  altitude ;  this  altitude  may  be  observed  as  above  directed 
with  this  difierence,  that  you  must  continue  sweeping  till  the  object  begins  to 
rise  above  the  edge  of  the  sea,  instead  of  descendmg  below  it. 

The  meridian  altitude  of  any  object  may  be  taken  in  a  similar  manner  by 
a  back  observation. 

Strictly  speaking,  this  method  of  finding  the  meridian  altitude  is  absolute- 
ly accurate,  onl^  when  the  ship  is  at  rest  and  the  sun's  declination  constant* 
For  if  the  ship  is  sailing  towards  the  sun,  the  altitude  will  be  increased,  and 
it  will  be  decreased  if  sailing  from  the  sun ;  but  the  correction  of  altitude 
arising  from  this  source  is  very  small,  and  may  be  neglected  in  all  nautical 
calculations,  as  will  be  shown  hereafter. 

Advice  to  Seamen  in  the  choice  of  a  %iadranL 

The  joints  of  the  frame  must  be  close,  without  the  least  opening  or  loose- 
ness, and  the  ivory  on  the  arch  inlaid  and  fixed,  so  as  not  to  rise  in  any  place 
above  the  plane  of  the  histrument ;  all  the  divisions  of  the  arch  and  vernier 
must  be  exceedingly  fine  and  straight,  so  that  no  two  divisions  of  the  vernier 
(except  the  first  and  last)  coincide  at  the  same  time  with  the  divisions  of  the 
arch.  All  the  glasses  belonging  to  the  quadrant  should  have  their  surfaces 
perfectly  plane,  and  their  fore  and  back  surfaces  exactiy  parallel ;  the  first 
of  these  requisites  in  the  horizon  glass  and  index  glass  may  be  thus  verified 
by  means  of  two  distant  objects :  move  the  index  till  both  objects  are  ex- 
actly in  contact,  at  the  upper  edge  of  the  silvered  part  of  the  horizon  glass, 
then  move  the  ouadrant  in  its  own  plane  so  as  to  make  the  united  images 
move  along  the  Ime,  separating  the  silvered  from  the  transparent  part  of  the 
horizon  glass,  and  if  in  this  motion  the  images  continue  united,  the  reflecting 
surfaces  are  good  planes,  otherwise  the  planes  are  imperfect.  The  parallelism 
of  the  two  surfaces  of  the  reflecting  glasses  may  also  be  examined  by  view- 
ing the  image  of  some  object  reflected  very  obuqueiy,  Ibr  if  that  image  ap- 
pears single  and  well  defined  about  the  edges,  it  i&a  proof  that  the  surfaces 
are  parallel ;  on  the  contrary,  if 'the  edge  of  the  reflected  image  appears  as 
if  it  threw  a  faint  shadow  from  it,  or  separate^  like  two  edges,  it  is  evident 
that  the  two  surfaces  of  the  glass  are  inclined,  to  each  other ;  if  the  image 
be  the  sun,  and  viewed  through  a  small  telescope,  the  examination  mil  be 
more  perfect.  To  examine  the  dark  glasses,  you  must  bring  the  image  of 
»  distant  object  to  coincide  with  the  object  seen  direct;  then  turn  the  colour- 
ed glass  so  tiiat  the  plane  which  was  next  to  the  index  glass  may  now  be^ 
next  to  the  horizon  glass  and  if  the  direct  and  reflected  images  still  coilrcid«*, 
the  surfaces  of  the  gla^s  are  parajl^.  uyuzyu uy  ^^^^^l^ 


(     94     ■) 
DESCRIPTION  AND  USE 

OF   A 

SEXTANT  OF  REFLECTION. 

A  ^EXTANT  is  constructed  on  the  same  principles,  and  may  be  (ised 
for  measuring  altitudes,  in  the  same  manner,  as  a  quadrant.*  The  arch 
of  a  sextant,  as  its  name  implies,  contains  60^,  but  by  reason  of  the  double 
reflection,  is  divided  into  120^.  This  instrument  is  particularly  intended  to 
measure  the  distance  of  the  moon  from  the  sun,  or  a  fixed  star,  and  as  that 
distance  is  wanted  as  accurately  as  possible,  to  determine  the  longitude  of 
the  place  of  observation,  the  instrument  is  constructed  with  more  eare,  and 
is  provided  with  some  additional  appendages  that  are  wanting  in  the  quad- 
rant Fig.  3,  Plate  VII.  represents  a  sextant,  tlie  frame  of  which  is  g^erally 
made  of  brass,  o^  other  hard  metal,  the  handle  at  its  back  is  made  qjT  wood ; 
by  this,  when  observing,  the  instrument  is  to  be  held  with  one  hand,  while 
the  other  is  moving  the  index.  The  arch  A  A,  is  divided  into  120^,  each  de- 
gree into  three  parts  of  20  minutes  each,  and  the  vernier  scale  is  in  general 
so  divided  as  to  shew  half  minutes.  In  some  sextants,  the  degree  is  divide<t 
into  6  equal  parts  of  10'  each,  and  the  vernier  shows  10". 

In  order  to  observe  with  accuracy,  and  make  the  images  come  precisely  ift 
contact,  a  tangent  screw  B  is  fixed  to  the  index,  by  which  it  may  be  moved 
with  greater  regularity  than  it  can  be  by  hand ;  but  this  screw  does  not  act 
Until  the  index  is  fixed  by  the  screw  C  at  the  back  of  the  sextant.  Care 
should  be  taken  not  to  force  the  tangent  screw  when  it  arrives  at  pither  ex- 
tremity of  its  arch.  When  the  index  is  to  be  moved  any  considerable  quan- 
tity, the  screw  C  must  be  loosened ;  but  when  the  index  is  brought  nearly 
to  the  division  required,  the  back  screw  C  should  be  tightened,  and  tiien  the 
index  moTed  gradually  by  the  tangent  screw. 

In  many  sextants,  the  lower  part  of  the  index  glass,  or  that  next  the  plane 
of  the  instrument,  is  silvered  as  usual,  and  the  back  surface  of  tlie  upper 
part  painted  black ;  a  screen,  painted  black,  is  fixed  by  its  axis  to  the  base 
of  the  index  glass,  and  may  be  placed  over  the  silvered  part  when  tlie  tays 
are  strong ;  in  which  case  the  image,  is  to  be  reflected  from  tlie  outer  sur- 
face of  the  uj)per  part,  and  the  error  which  might  probably  arise  from  the 
planes  of  the  glass  not  being  parallel,  is  thereby  avoided. 

The  coloured  glasses  are  similar  to  those  applied  to  a  common  quadrant, 
and  arc  usually  four  in  number,  placed  at  D,  to  screen  tlie  eye  from  tlic  solar 
rays  and  the  glare  of  the  moon  ;  they  may  be  used  separately  or  together^ 
as  occasion  requires.  In  addition  to  these,  there  are  three  similar  glasses 
placed  behind  the  horizon  glass,  to  be  used  in  finding  the  index,  error  by 
.  means  of  the  sun,  and  in  observing  the  sun^s  altitude  by  an  artificial  horizon 
on  land.  The  paler  glass  is  sometimes  used  in  observing  altitudes  at  sea,  to 
tako  ofi*  the  strong  glare  of  the  horizon. 

A  sextant  is  generally  furnished  with  a  tube  without  glasses,  and  two  tel- 

*  Tlierr  is  not  in  g^cneral  any  apparntiis  for  the  bactc  observation  fixed  to  a  sextant,  but  if  tlie  altitude 
of  any  celestinl  object  be  greater  tlian  BCP,  the  supplement  of  the  altitude  mpy  be  obtained  by  a  back 
obscrvntion  wiib  a  sextant  with  ease  ami  accuncy,  and  as  this  m.eihod  mav  be  otlcn  nsed  with  advan- 
tagc  when  a  fore  observation  cannot  betobtaiiieU,  we  shall  here  point  out  the  method  ftf  taking  the  ob- 
servation, and  shall  hereafter  ^ivetbe  rafautlations  for  determining  the  latitude  from  a  meridian  observa- 
tion, taken  in  Hiis  manner.-— The  back  of  the  observer  beinf  turned  to  the  sun,  he  roust  move  the  Index 
tjU  ihe  image  of  the  sun  touches  the  edge  of  the  back  horizon,  and  then  move  the  sextant  a  little  to  th« 
i^ight  and  left  (as  in  a  fore  ob«tTvalion)  ami  the  ini.;^  will  descrilie  an  arch  with  the  convex  side  upward  ; 
move  the  irdex  till  the  lower  limb  of  the  image,  wheu  in  the  upper  part  of  the  arch,  just  touches  tbft 
:horizon,  and  the  observation  will  be  compicte;  observing  that,  if  the  telescope  be  used,  the  image  must 
be  bruaght  in  the  middle  between  the  two  parallel  wires;  but  if  the  telescope  be  not  used,  the  image  of 
t|>e  sun  must  be  seen  in  the  horiion  glass  at  the  same  distance  from  the  plane  of  tiie  instrttmeot  as  the 
«'ve  of  the  observer.  The  altitude  thus  obtained  will  be  the  supplement  of  tlie  altitude  of  the  sun's  uppvr 
imh.    The  corrections  lobe  applied  to  oiitaiu  the  «pue  ueocral  «niimle,  will  ijc  given  hcfeayQep.  ^J*^"^ 
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f<copes,  the  one  representing  tlie  objects  erect  or  in  their  natural  situation, 
I  he  ether  inverting  Uiem,  the  eye  glass  being  fixed  in  a  moveable  tube  in  or- 
d<*r  to  adjust  the  telescope  to  a  proper  focus.  By  means  of  these  telescopes 
fht  line  of  sight  may  be  rendered  parallel  to  the  plane  of  the  instrument,  and 
ttie  contact  of  the  limbs  of  any  t\\'o  objects  more  accurately  observed.  Th© 
tube,  or  either  telescope,  is  to  be  screwed  into  a  brass  ring,  which  is  con- 
nected with  another  brass  ring,  by  means  of  two  screws,  and  by  loosening 
one  and  tightening  the  other,  the  axis  of  the  tube,  or  telescope,  may  be  set 
parallel  to  the  plane  of  the  instrument.  One  of  these  rings  is  fixed  to  a  brass 
stem  that  slides  in  a  socket,  and  by  means  of  the  screw  L  at  the  back  of  the 
sextant,  it  may  be  raised  or  lowered  so  as  to  move  the  axis  of  the  telescope 
to  point  to  that  part  of  the  horizon  glass  judged  the  most  fit  for  observation. 

A  circular  head,  containing  a  plate,  in  which  there  are  three  coloured 
glasses,  and  a  part  that  is  open,  sometimes  accompanies  the  sextant:  this 
head  is  to  be  screwed  on  the  eye  end  of  the  tube,  or  on  that  of  either  teles^ 
cope.  The  edge  of  the  plate  projects  a  little  beyond  the  head  on  one  side, 
and  is  moveable  by  the  finger,  so  that  the  open  ring  or  any  of  the  coloured 
glasses,  may  be  brought  between  the  eye  glass  of  the  telescope  and  the  eye ; 
this  answers  the  purpose  of  the  dark  glasses  placed  at  E,  in  adjusting  by  the 
bun,  or  observing  by  an  artificial  horizon  on  land. 

To  these  are  added  a  small  screw  driver,  to  adjust  the  screws,  and  a  mag- 
nifying glass  to  read  off  the  observation  w  ith  greater  accuracy. 

The  adjustments  qf  a  sextant  are  similar  to  those  of  a  quadrant ;  the  in- 
dex and  horizon  glasses  must  be  perpendicular  to  the  plane  of  the  instru*- 
ment,  and  their  planes  parallel  to  each  other  when  the  index  sttmds  on  0 ; 
also  the  axis  of  the  telescope  must  be  set  parallel  to  the  plane  of  the  instru- 
ment: each  of  these  particulars  must  be  examined  before  an  observation  is 
taken,  and  the  adjustments,  if  requisite,  made  according  to  the  following 
Erections. 

1st.     To  set  the  index  gtcisa  perpendicular  to  the  plant  of  the  instrument. 

Move  the  index  forward  to  about  60?,  and  proceed  exactly  in  the  manner 
prescribed  for  the  adjustment  of  the  index  glnss  of  a  quadrant,  page  91. 

fd.     To  make  the  horizon  glass  perpendicular  to  the  plane  of  the  Sextant. 

This  adjustment  is  made  exactly  in  the  same  manner,  as  that  of  the  quad- 
rant described  in  page  91,  except  that  instead  of  looking  through  the  sight 
vaoc,  you  may  use  the  tube  or  a  telescope. 

To  make  ike  horizon  glass  and  index  glass  parallel  ichen  the  index  is  on  0. 

Having  made  the  foregoing  adjustments,  set  the  first  division  on  the  index 
to  0  on  the  limb,  fasten  the  index  in  this  position,  and  make  the  coincidence 
of  these  divisions  as  perfect  as  possible,  by  means  of  the  tangent  screw  f  the 
eye  being  assisted  by  the  magnifying  glass;  screw  the  tube,  or  telescope, 
into  its  support,  and  turn  the  screw  L  at  the  back  of  the  instrument,  till  the 
line  which  separates  the  transparent  and  silvered  parts,  of  the  horizon  glass 
appears  in  the  middle  of  the  lube  or  telescope ;  having  done  tliis,  hold  the 
plane  of  the  sextant  vertically  and  direct  the  sight  through  the  tube  or  tel- 
eH!ope  to  the  horizon ;  then  if  the  reflected  and  true  horizons  do  not  coin- 
cide, turn  the  tangent  screw  at  the  back  of  the  horizon  glass  till  they 
are  made  to  appear  in  the  same  straight  line.  Then  will  the  horizon  glass 
he  adjusted. 

After  the  screw  that  retains  the  horizon  glass  in  its  place,  is  fastened,  it 
will  be  proper  to  re-examine  this  adjustment;  if  the  comcidence  of  the  ho- 
rizons is  not  yrfect,  tiie  adjustment  must  be  repeated  till  it  is  so ;  but  as  it 
is  difficult  to  obtain  a  perfect  coincidence  by  tliis  means,  the  horizons  may 
tip  brought  to  coincide  by  turning  the  tangent  screw  of  the  index,  and  the 
difTercnce  between  the  0  on  the  arch  and  the  0  on  the  vernier  will  be  the  index 
^rrf^r,  which  is -additive  to  nil  observations,  if  the  0  of  the  index  stand  on  the 
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extra  arch,  otherwise  subtractive.  The  index  error  may  also  be  found,  very 
accurately,  by  measuring  the  diameter  of  the  sun  twice,  with  a  motion  o( 
the  index  in  contrary  directions;  that  is,  first  bring  the  upper  limb  seen  by 
reflection  to  coincide  with  tlie  lower  limb  seen  directly,  then  bring  the  lower 
limb  by  rejection  to  coincide  with  the  upper  seen  directly.  If  both  these 
measures  are  taken  eitl^r  to  the  right  or  left  of  0  on  the  limb,  half  their 
sum  will  be  the  index  error;  additive  if  to  the  right  of  0;  subtractive, 
if  to  the  left;  but  if  one  of  the  measures  be  taken  to  tiie  right,  and  the  other 
to  the  left  of  0,  half  their  difference  will  be  the  index  error,  which  will  be 
additive  when  the  diameter  measured  to  the  right  of  0  exceeds  that  mea- 
sured to  the  left,  otherwise  subtractive.  Thus  if  the  measures  were  38'  to 
the  left  of  0  on  the  arch,  and  £6'  to  the  right*  on  the  extra  arch,  half  the  dif- 
ference 6r  6'  would  be  the  correction,  subtractive.  In  some  sextants  the 
horizon  glass  cannot  be  adjusted ;  the  index  error  must  in  that  case  be  found, 
and  must  be  considered  as  a  constant  quantity  to  be  applied  to  all  angles 
n^easured  with  the  same  instrument. 

To  set  the  axis  of  the  telescope  parallel  to  t&e  plane  of  the  Sextant. 

In  luieasuring  angular  distances,  the  line  of  sight,  or  axis  of  the  telescope,. 
*shotiltl  -be  parallel  to  the  plane  of  the  instrument,  as  a  deviation  in  that  re- 
spect, in  measucmg  large  angles,  would  occasion  a  considerable  error:  to 
avoid  which,  a  telescope  is  made  use  of,  in  which  are  placed  two  wires,  pa- 
rallel to  each  other,  and  equidistant  from  the  centre  of  the  telescope,  by 
means  of  which,  the  adjustment  may  be  made  in  tlie  following  manner <-» 
•Screw  on  the  telescope  and  turn  the  tube  containing  the  eye  glass,  till  the 
wires  are  parallel  to  the  plane  of  the  instrument ;  then  take  two  objects,  as 
the  sun  and  moon,  whose  angular  distance  must  not  be  less  than  90°,  because 
the/error  is  more  easily  discovered  when  the  distance  is  great ;  bring  them 
exacthr  into  contact  at  the  wire  nearest  the  plane  of  the  sextant,  and  fix  the 
iudcxi  then,  by  altering  a  little  the  position  of  tlie  instrument,  make  the 
image  appear  on  the  other  wire ;  if  the  contact  still  remains  perfect,  the  axis 
of  the  telescope  is  in  its  right  situation ;  but,  if  the  limbs  of  the  tv^^o  objects 
appear  to  separate  or  lap  over,  at  the  wire  which  is  farthest  from  the  plane 
of  the  sextant,  the  telescope  is  not  parallel,  and  it  must  be  rectified  by  turn- 
ing one  of  the  two  screws  of  the  ring  into  which  the  telescope  is  screwed 
and  fixed,  having  previously  unturned  the  other  screw :  by  repeating  this 
operation  a  few  times,  the  contact  will  be  precisely  the  same  at  both  wires, 
and  the  axis  of  the  telescope  will  be  parallel  to  the  plane  of  the  instru- 
ment f 

In  order  to  estimate  tlie  error  committed  in  not  observing  the  contact  of 
the  objects  in  the  middle  betivcen  the  two  parallel  wires  of  the  telescope,  it  is 
necessary  to  know  the  angular  distance  of  these  wires :  this  may  be  found  as 
follows:  Turn  round  the  eye  piece  of  the  telescope,  till  the  wires  are  perpen- 
dicular to  the  plane  of  the  instrument :  hold  the  instrument  in  a  vertical  posi- 
tion, and  move  the  index  till  the  direct  and  reflected  images  of  the  horizon  ap- 
pear in  the  same  line,  which  will  happen  when  the  index  is  at  0  if  the  instru- 
ment be  well  adjusted;  then  move  the  index  till  the  reflected  image  of  tlie 
horizon  be  at  one  wire  and  the  directed  image  at  the  other;  the  angle  moved 
through  by  the  indcxf  as  shown  by  the  divisions  of  the  arch,  will  be  the  an- 


-  *  In  rcftdin;  off  the  measure  on  the  extra  arch,  yoa  tnlist  reckon  the  minutei  on  the  vernier  from 
If 'ft  to  rig:ht,  couDting  19'  as  I',  18'  a*  2',  itc  or  else  take  Uiellifierence  between  the  minutes  denote«t  by 
the  iremter  and  20'.  Thus  if  the  angle  on  the  extra  arch  appeared  by  the  noniub  to  be  14'  the  real  an^le 
would  be  only  b'. 

t  This  adjustment  may  be  made  in  a  manner  similar  to  that  by  which  the  graduation  on  the  frame 
of  the  telcseupe  of  a  circular  instrument  is  verified  by  using  the  adjusting  tools  of  a  circle  or  a  nucr 
whose  surfaces  are  perfectly  parailel  to  each  other.    Thaa,  kiy  the  sextant  hori»ont|Uy  on  a  table,  and 

Sface  the  ruler  on  the  limb  or  plane  of  the  instrument,  aiid,  at  about  12  or  lo  feet  distance,  let  a  u*«U 
efined  mark  he  placed  In  a  range  with  the  telescope,  so  as  to  be  in  the  snme  straight  line  with  tbe  top 
o(  the  rtder,  then  raise  or  lower  the  telescope  l^  means  of  the  screw  L,  till  the  centre  of  the  eye  piece 
of  tlie  telescope  be  at  the  same  height  as  the  toi>  of  the  mier,  then  if  ihe  mark  be  seen  in  the  midule 
b«n»vren  the  wires  of  the  telescope,  it  ifi  well  iwljusiedj  ff  not,  It  qiUst  be  altered  by  means  of  the  screwi 
••f  the  ring  ftuo  wUrch  the  tohwcope  fe  5rrcwe«l.' 
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USE  OF  THE  SEXTANT  OF  REFI.ECT10N.  S^r 

gwlar  distance  of  the  two  wires.  This  angular  distance  being  obtained,  the 
observer  may,  by  meand  of  it,  estimate,  at  each  observation,  how  much  th^ 
place  where  the  contact  was  observed,  was  elevated  above,  or  depressed  be- . 
low,  the  plane  passing  through  the  eye  and  the  middle  line  between  tiie  two 
parallel  wires ;  the  correction  in  ^Table  XXXV.  corresponding  to  this  angle, 
is  to  be  subtracted  from  the  observed  angular  distance  of  the  objects ;  thus 
if  the  distance  between  the  wires  was  3°,  one  of  them  would  be  elevatetl 
above  the  plane  1^  30',  and  the  other  depressed  as  much  below  it ;  and  if  iu 
taking  an  observation,  the  point  of  contact  was  estimated  to  be  one-third 
part  of  the  distance  from  the  middle  towards  either  wire,  the  angle  of  eleva- 
tion or  depression  would  be  one-third  part  of  1°  30'  or  30';  and  if  tlie  ob- 
served distance  was  100°,  the  correction  in  Table  XXXV.  would  be  19'', 
subtractive  from  the  observed  angle,  which  would  therefore  be  100° — 19''= 
990  ^^  41".    In  general  it  will  not  be  necessary  to  attend  to  this  correctioji. 

Tq  measure  the  distance  between  the  Sun  and  Moon. 

Screw  on  the  telescope,  and  place  the  wires  parallel  to  the  plane  of  tlm 
instrument;  then  if  the  index  glass  is  half  silvered  and  half  blacked,  and  the 
sun  very  bright,  raise  the  plate  before  the  silvered  part  of  the  glass,  and  witli 
the  screw  L  raise  the  telescope  to  the  transparent  part  of  the  horizon  glass; 
turn  down  one  or  more  of  the  dark  glasses  according  to  the  brightness  of  tlie 
sun ;  then  hold  the  sextant  so  that  its  plane  may  pass  through  the  »un  and 
moon ;  if  the  sun  be  to  the  right  hand  of  the  moon,  the  sextant  is  to  be  held 
with  its  face  upwards ;  if  to  the  left  hand,  the  face  is  to  be  held  downward? : 
with  the  instrument  in  this  position,  look  directly  at  the  moon  through  the 
telescope,  and  move  the  index  forward  till  the  sun's  image  is  brought  nearly 
into  contact  with  the  moon's  nearest  limb ;  then  fix  the  index  by  the  screw 
under  the  sextant,  and  make  the  contact  perfect  by  means  of  the  tangent 
screw ;  at  the  same  time  move  the  sextant  slowly,  making  the  axis  of  the 
telescope  the  centre  of  motion,  by  which  means  the  objects  will  pass  each 
other,  and  the  contact  be  more  accurately  made,  observing  that  the  point 
of  contact  of  the  limbs  must  always  be  observed  in  the  middle  between  tho 
parallel  wires.  The  observation  being  thus  made,  the  index  will  point  out 
the  distance  of  tlie  nearest  limbs  of  the  gpi)  anj}  mpQn, 

To  measure  the  distance  between  tJu  Moon  and  a  Star. 

Turn  down  the  green  screen  if  the  moon  is  bright,  and  direct  the  plane  of 
-  the  instrument  through  both  objects,  with  its  face  upwards,  if  tjie  moon  is 
to  the  right  of  the  star;  but  if  to  the  left,  the  face  is  to  be  held  downwards ; 
look  at  the  star  through  the  telescope  and  transparent  part  of  the  horizon 
glass,  and  move  the  in4ex  till  the  moon's  image  appears  nearly  in  contact 
with  the  star :  fasten  the  index,  move  the  spxtant  round  the  axis  of  the  tel- 
escope as  in  measuring  the  distance  of  the  sun  and  moon,  and  turn  the  tan- 
gent screw,  till  the  coincidence  of  the  star  and  the  erdightened  or  round  limb 
of  the  moon  is  perfect ;  observing  that  the  point  of  contact  of  the  limb  of  the 
moon  and  star  must  always  be  in  the  middle  between  the  parallel  wires. 
The  observation  being  thus  made,  the  index  will  point  out  the  distance  of 
the  enlightened  limb  of  the  jpaoon  from  the  star,  whether  it  be  the  farthest 
or  nearest  limb. 

If  (he  observer  suspect  th^t  the  mirrors,  or  cploured  glasses,  have  not  t  heir 
surfaces  exactly  parallel,  he  may  verify  them  as  follows : — 

Ferijication  of  ilie  parallefism  of  the  Index  glass. 

This  verification  is  to  he  made  ashore,  by  observing  the  angular  jlistanrc 
of  two  well  defined  objects,  whose  distance  exceeds  90^  or  100°  (having  pre- 
viously well  adjusted  the  instrument)  then  taking  out  (he  central  mirror  and 
ti^ming  it,  so  tliat  the  edge  which  was  formerly  uppermost  may  now  be 
n^^r^t  the  plane  of  the  instri)ment ;  rectify  its  position  and  acain  measure, 
the  distance  of  the  tiyo  objects ;  half  the  difference  between  these  two  dis- 
tances will  be  the  error  of  the  observed  angle  prising  from  the  defect  of  pii- 
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rallelism  of  the  central  mirror.  If  the  first  distance  exceeds  the  second,  the 
error  is  subtractive,  othenvise  additive,  the  mirror  being  in  its  first  position ; 
but  tJie  contrary  when  in  its  second  position.  Thus,  if  the  first  distance  was 
11 90  59'  21"  and  the  second  120°  0'  39",  the  error  would  be  39",  additive 
when  the  mirror  was  in  its  first  position,  subtractive  for  the  second.  The 
error  for  any  other  angle  may  be  found  by  means  of  col.  2d.  Table  XXXIV. 
when  the  inclination  of  the  plane  of  the  horizon  glass  to  the  axis  of  the 
telescope  is  80^,  by  saying,  as  the  tabular  correction  corresponding  to 
120^  (=s4'  6")  is  to  tJie  error  of  the  glass  39",  so  is  tlie  tabular  error  for  iiny 
other  angle  as  85^  (=1'  1^  to  the  corresponding  error  of  the  glass  12".  In 
this  manner  a  table  of  errors  may  be  made  for  all  angles.* 

The  angle  between  the  plane  of  the  horizon  glass  and  axis  of  the  telescope 
produced,  being  constant  in  all  observations  and  adjustments  of  the  sextant, 
no  error  can  arise  from  the  want  of  parallelism  of  its  surfaces, 

Ferif  cation  of  the  parallelism  of  the  surfaces  of  the  coloured  glasses. 

Turn  down  the  glass  at  D,  which  is  to  be  examined,  and  another  at  £,  to 
defend  the  eye  from  the  sun  ;  direct  the  telescope  to  the  sun  and  move  the 
index  tiirits  direct  and  reflected  images  coincide ;  then  turn  the  dark  gla«s 
at  D,  so  that  the  surface  which  was  farthest  from  the  horizon  glass  may  now 
be  nearest  to  it,  and  if  the  contact  of  the  same  two  linabs  be  complete,  the 
surfaces  of  this  glass  are  parallel,  but  if  they  lap  over,  or  separate,  the  index 
must  be  moved  to  bring  them  again  in  contact,  then  half  the  arch  passed 
over  by  the  index  will  be  the  error,  arising  from  the  wapt  of  parallelism  of 
the  glass  at  D. 


DESCRIPTION  AND  USES 


CIRCLE   OF   REFLECTION. 

\  THE  Circle  of  Reflection  was  invented  by  the  celebrated  professor  Mater 
<Tf  Groningen,  and  has  since  been  greatly  improved  by  the  Chevalier  de 
BoRDA,  Me.  Troughton,  and  Mr.  Mendoza  t  Rios.  In  its  pn^seiit  im- 
proved state  it  has  a  decided  superiority  over  the  sextant  in  measuring  the 
distance  of  the  moon  from  the  sun,  or  a  star,  on  account  of  its  correcting,  in 
a  great  measure,  the  errors  arising  from  a  faulty  division  of  the  limb,  want 
of  parallelism  in  the  surfaces  of  the  frairrors  and  coloured  glasses,  and  en- 
tirely avoiding  the  error  which  might  arise  in  a  sextant  from  the  mirrors  not 
being  parallel  when  the  index  is  on  0. 

Fig.  1.  Plate  VIIL  represents  the  Circle  of  Reflection,  as  given  by  de 
BoRDA ;  in  fig.  2  is  a  section  of  the  sanje  instrument,  marked  with  the  same 
letters  of  reference  as  in  fig.  1.  The  principal  parts  of  this  instrument  are,  the 
circular  limb  LMV ;  the  central  index  EF ;  the  horizon  index  MD  ;  the  cen- 
tral glass  or  mirror  A ;  the  horizon  glass  or  mirror  B  ;  the  telescope  6H ; 
the  coloured  glasses  fig.  3,  4 ;  the  handle  fig.  5 ;  the  ventelle  fig.  6  ;  and  the 
adjusting  tool  fig.  7. 

The  Itmb  of  the  instrument  LMV,  is  a  complete  circle  of  metal,  and  is  con- 
nected with  a  perforated  central  plate  by  six  radii ;  it  is  divided  into  720^  be- 
cause of  the  double  reflection ;  each  degree  is  generally  divided  into  three 
equal  parts,  and  the  division  is  carried  to  minutes,  or  lower,  by  means  of  the 
▼emiers  of  the  two  indices. 

The  tux)  indices  are  moveable  round  the  same  axis,  which  passes  exactly 
through  the  centre  of  the  instrument;  the  central  index  EF  carries  the  cen- 
'  '  '  ■■         ■  "■■'■  ■■       '        ■         ■■....        ••    1 

*  The  Bieibod  of  calcoUUng  iheabow  tabular  aumben  when  the  angle  of  inclination  of  the  teletoopa 
and  borixoo  gtaM  diffen  from  SO*  If  ^^eu  is  the  ex))taiiatlon  of  Table  XXXIV.  prefixed  to  the  labks. 
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tral  mirror  A;  and  the  horizon  index  MD  carries  the  telescope  GH  and  the 
horizon  rairror  6 ;  both  indices  are  furnished  with  verniers  and  tangent 
screws  at  O  and  N. 

The  centred  mirror  A  is  placed  on  the  central  index  immediately  above  the 
centre  of  the  instrument;  the  plane  of  this  mirror  makes  an  angle  of  about 
30^  with  the  middle  line  of  the  index,  and  is  adjusted  perpendicular  to  the 
plane  of  the  instrument,  by  means  of  the  screws  placed  on  the  back  part  of 
the  Trame  of  the  mirror. 

The  horizon  glass  B  is  placed  on  the  horizon  index  near  the  limb,  so  as 
to  interff^re  as  little  as  possible  with  the  rays  proceeding  from  objects  situat- 
«i  on  the  opposite  side  of  that  index  with  respect  to  the  central  mirror. 
The  horizon  glass  is  adjusted  perpendicular  to  the  plane  of  the  instrument 
in  a  similar  manner  to  that  of  the  horizon  glass  of  a  sextant :  and  in  some  cir- 
cles this  mirror  is  moveable  about  an  axis  perpendicular  to  tlie  plane  of  the 
instrument,  by  which  means  the  situation  with  respect  to  the  telescope  may 
be  adjusted. 

The  telescope  GH,  attached  to  the  other  end  of  the  horizon  index,  is  an 
astronomical  one  inverting  the  observed  objects,  and  has  two  parallel  wires 
in  the  common  focus  of  the  glasses,  distant  from  each  other  between  two 
and  three  degrees.  These  wires,  at  the  time  of  observation,  must  be  placed 
parallel  to  the  fklane  of  the  instrument :  To  eflTect  this,  marks  arc  made  on 
the  eye-piece,  and  on  the  tube  at  G,  and  by  making  them  coincide,  the  wires 
may  be  brought  to  their  proper  position.  The  telescope  may  be  ruis^'d  or 
depressed  by  two  screws  I,  K,  so  as  to  be  directed  to  any  part  of  the  hori- 
zon glass:  and,  by  means  of  the  graduations  on  the  swo  standards  t,  Xr,  the 
telescope  may  be  rendered  parallel  to  the  plane  of  the  instrument. 

There-are  two  gets  of  col'mred  glasses  (fig.  3,  4)  each  set  usually  containing 
four  glasses  of  dilTerent  shades ;  the  glasses  of  the  larger  set  (fig.  4)  which 
are  placed  before  the  central  mirror  at  a,  a,  should  have  each  about  half  tho 
degree  of  shade  with  which  the  corresponding  glasses  (fig.  3)  of  the  other  * 
set,  placed  at  C,  are  tinged,  because  the  rays  from  the  luminous  object  pass 
twice  through  tlic  coloured  glass  placed  before  the  central  mirror,  and  only* 
once  tJirough  the  other.  The  glasses  placed  at  a,  a,  are  kept  tight  in  their 
places  ^y  small  pressing  screws  at  their  ends,  or  by  slides  passing  in  front, 
through  perforations  in  the  stems  of  their  frames:  when  fixed  for  obserVa-?* 
tion  they  make  an  angle  of  about  35^  with  the  plane  of  the  instrument,  by 
which  means  the  image  from  the  coloured  glass  is  not  reflected  to  the  telc- 
j«cope.  When  the  angle  to  be  measured  is  bt^lween  5^  and  30^,  one  of  the 
largest  set  is  to'  be  fixed  at  o,  a ;  in  other  eases,  one  of  the  smaller  set  is  to  be 
placed  in  the  socket  C.  The  reason  of  using  the  large  glass  is  this — ^when 
the  small  glass  is  placed  at  C,  it  intercepts  the  direct  light  of  the  luminous 
object  in  its  passage  towards  the  central  mirror,  if  the  object  happens  to  be 
<ituated  within  the  angular  space,  included  by  the  lines  from  tlie  centre  A, 
hy  the  sides  of  the  frame  of  the  glass  placed  at  G.  This  is  avoided  by  using 
the  larrer  glasses.  • 

The  handle  (fig.  5)  is  of  wood,  and  is  fixed  to  the  back  of  the  instrument  im- 
mediately under  the  centre.  By  this  it  is  held  during  the  time  of  observation. 
The  ventelle  (fig.  6.)  is  used  in  terrestrial  observations  to  diminish  the  light 
of  the  object  seen  directly,  to  render  it  equal  in  brightness  to  that  of  the  objects 
seen  by  reflection :  this  is  performed  by  putting  the  ventelle  in  the  socket  D, 
and  raising  or  depressing  it  till  the  objects  appear  of  equal  brightness. 

There  are  two  adjusting  tools  of  the  form  represented  in  fig.  7 ;  they  are 
exactly  of  the  same  size,  and  their  height  is  nearly  equal  to  that  of  the  cen- 
tral mirror ;  they  may  he  used  in  adjusting  the  central  mirror  perpendicular 
to  the  plane  of  the  instrument,  and  in  making  the  axis  of  the  telescope  pa- 
rallel to  that  plane. 

The  instrument,  as  we  have  now  described  it,  is  the  same  as  it  was  left  by 
I>e  Borda ;  Mr.  Troughton  has  since  suggested  the  improvement  of  fixing 
lo  the  horizon  index  the  arch  WSPR,  mid  providing  it  with  two  sliding 
pi.!ccs  U,  X,  in  order  to  facilitate  tho  fixing  the  indices  at  their  proper 

uiyiLizt;u  uy  ■%_j  v-/ v_y pt  i 


lOe  CIRCLE  OF  REFLECTION. 

a  nobles 'with  each  other  in  taking  successive  obse^rvations.  When  the  rentizal 
mid  horizon  glasses  are  parallel,  the  central  index  covers  the  space  SP  of 
the  arch,  and  the  spaces  SW,  PR,  are  each  divided  into  degrees  from  S  to 
W,  and  from  P  to  R,  and  numbered  0  at  S  and  P,  and  continued  to  iSO^ 
towards  W  and  R.  The  use  of  this  arch  and  sliding  pieces  will  be  explained 
hereafter.* 

That  ingenious  matheniatician  and  navigator,  M.  Mendoza  y  Rios,  has 
fiirtiier  improved  the  circular  instrument  by  the  substitution  of  a  circular 
ring  (moving  round  the  centre  of  the  instrument  over  or  adjacent  to  the 
limb  TMV)  for  a  vernier  instead  of  those  attached  to  the  indices  by  Dc 
Borda :  and  by  fixing  this  circular  vernier  alternately  to  each  of  the  indices 
it  serves  as  a  vernier  for  both,  and  after  any  number  of  observations,  gives 
the  compound  motion  of  both  indices,  and  thus  double  the  number  of  dis- 
tances are  obtained  by  this  instrument  that  can  be  obtained  by  De  Borda's 
circle  with  the  same  number  of  observation^.  Mr.  Rios  has  adso  improved 
the  form  of  the  handle  for  holding  the  instrument*.  In  theory  the  instru- 
ment, as  improved  by  3Ir.  Rios,  appears  to  be  superior  to  that  of  De  Borda, 
but  not  having  used  one  of  the  former  kind,  I  cannot,  from  my  own  experi- 
ence, decide  whether  it  is  so  much  superior  in  practice;  but  Mr.  Rios  saTS 
that  he  found  it  answered  his  expectations.  As  the  method  of  taking  the 
observation  is  nearly  the  same  with  both  instriunents,  I  shall  confine  myself 
t(»  the  explanation  of  the  uses  of  be  Borda*s,  from  which  the  method  of 
using  the  other  will  be  easily  discovered. 

Adjuattnents  of  the  Circte  of  Rtfitctlon. 

Befote  entering  upon  an  explanation  of  the  adjustments  of  this  instrundentt 
It  will  be  proper  to  premise  that  there  are  three  different  methods  of  o^ 
Serving  the  angular  oistance  of  two  objects  with  this  instrument,  viz.  (1)  by 
i^iat  is  called  an  obsiervotipn  to  the  right,  (2)  by  ah  observation  to  the  left, 
and  (5)  by  a  cross  obser>*alion. 

An  observation  to  the  righP  is  that,  where  the  object,  Whose  image  is  to  be 
reflected  and  the  central  mirror  hre  on  the  same  side  of  the  telescope.  An 
observation  to  the  Uft^  when  the  object  to  be  reflected  and  the  central  mirror 
are  on  opposite  sides  of  the  telescof^e,  which  in  both  cases  is  supposed  to  be 
directed  to  the  other  object ;  and  a  cross  observation  is  a  combination  of  tbe 
fore-mentioned  observations;  the  first  being  generally  taken  to  the  feft,  and 
Ihe  second  to  Ihe  right. 

The  adjustments  of  a  circle,  consist  in  placing  the  mirrors  perpendicular 
to  the  plane  of  the  instrument^  and  in  making  the  axis  of  the  teiesco];ie  pa- 
rallel to  that  plane.  These  are  all  the  adjustments  necessary  in  measurmg 
an  angular  distance  by  cross  obseiTations ;  but  if  one  observation  only  be 
taken  to  the  right,  or  to  the  left,  it  will  be  necessary  to  find  the  division,  on 
which  the  horizon  index  must  be  placed,  to  make  the  horizon  glass  parallel 
to  the  central  glass,  when  the  central  index  stands  on  0.  These  adjust- 
ments are  similar  to  those  of  a  sextantt  but  a  particular  explanation  of  each 
will  here  be  given* 

To  set  the  central  glass  perpendicuUjer  to  the  plant  ofOic  instrument. 

-This  adjustment  may  be  made  by  placing  the  eye  in  front  iOf  the  central 
glass  at  L,  a  little  abc^ve  the  plane  of  the  instrument,  and  observing  if  the 
reflected  image  of  that  part  of  the  limb  nearest  the  eye  appears  to  make  one 
continued  circular  line  with  the  parts  of  the  limb  towards  T,  seen  to  -the 

*  Mr.  Troaghum  sugfoted  another  alteration  In  Uie  circle,  but  (a«  Mr.  Rios  justly  obserres)^  iwlru- 
meot  thus  altered  may  pe  considered  as  a  sextant,  the  limb  of  which  is  completed  to  the  whale  ctr- 
r.ui)lfeieace.  A  circle  of  this  description  is.asuaily  furnished  with  three  indic«f  and  verniers,  bT  each 
of  which  every  observation  must  be  read  oflT.  This  is  very  troublesome,  particulariy  to  the  ni(lit*  It 
i«  true  that  this  method  corrects  in  a  very  great  degree  the  error  of  not  having  the  indet  fixed  exactly  o4 
the  centre,  or  that  of  not  having  an  instrumeot  perfectly  circular ;  bat  errors  of  this  kiiMi  in  Borda^ 
circle  may  be  reduced  in  any  ratio  by  taking  a  number  of  observations,  and  tlie  error  will  in  general  l»e 
,«?\tremelj'  small  in  iaklng  a  »iiflScient  humber  to  briftg  the  ifidcx  nearly  to  th.«  pofniyet  oat  ftvm :  so  thot 
in  ibo«te  important  points  I  should,  on  the  whole,  prefer  an  instrument  of  Bonla's  constructionrr  i^^ 
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right  and  left  of  the  central  glass;  for  in  this  case  the  glass  is  perpendicular 
to  the  plane  of  the  instrument ;  otherwise  it  must  be  adjusted  by  means  of 
the  screws  till  the  two  images  coincide.* 

By  examining  this  adjustment  in  different  parts  of  the  limb,  it  will  be 
known  if  the  limb  be  in  the  same  plane.  If  any  difference  should  be  found, 
the  central  glass  must  be  so  fixed  that,  the  reflected  image  of  the  limb  may 
appear  as  much  above  the  direct  image  in  some  places  as  below  it  in  others. 

To  set  the  horizon  glass  perpendicular  to  the  plane  of  the  instrument. 

The  central  glass  being  previously  adjusted,  and  the  telescope  directed  to 
the  line  separating  the  silvered  from  tlie  transparent  part  of  the  horizon  glass, 
hold  the  instrument  nearly  vertical,  and  move  either  index  till  the  direct  and 
reflected  image  of  the  horizon,  seen  tlirough  the  telescope,  coincide ;  then 
incline  the  instrument  till  it  is  nearly  horizontal,  and  if  the  images  do  not 
separate,  the  horizon  glass  is  perpendicular  to  the  plane  of  the  instrument ; 
but  if  they  do  separate,  the  position  of  the  glass  must  be  rectified  by  means 
of  the  screws  in  its  pedestal. 

This  adjustment  may  be  also  made  by  directing  the  sight  through  the 
telescope  to  any  well  defined  object;  then,  if  by  moving  the  central  index,  the 
reflected  image  passes  exactly  over  the  object  seen  directly,  the  glass  is  per- 
pendicular, otherwise  its  position  must  be  adjusted  by  means  of  the  screiw 
attached  to  the  pedestal  of  the  glass. 

A  planet,  or  star  of  the  first  magnitude,  will  be  a^ood  object  for  this  puf-  • 
pose.    If  the  sun  is  used,  one  of  the  coloured  glasses  must  be  placed  at  C 
and  another  at  D* 

To  make  the  axis  of  the  teUscope  parallel  to  the  plane  of  th€  instrument. 

The  telescope  may  be  raised  or  depressed  by  means  of  two  screws  at- 
tached to  the  standards  t,  Ar,  (fig.  S)  and  passing  through  two  pieces  of  bra4l 
connected  with  the  tube  of  the  telescope.  On  each  of  these  pieces  is  a  «tiark 
or  index  by  which  the  telescope  is  to  be  adjusted,  for,  by  bringing  the  in- 
dices to  the  same  mark  on  each  standard,  the  telescope  will  be  parallel  to  the 
(plane  of  the  instrument.! 

To  find  thai  division  to  which  the  horizon  index  must  he  placed  to  render  the 
mirrors  parallel  when  the  central  indtx  is  on  0. 

Place  the  central  index  on  0 ;  direct  the  telescope  to  the  horizon  glass,  so 
that  the  line  joining  the  silvered  and  transijarent  parts  of  that  glass  may  ap- 
pear in  the  middle  of  the  telescope ;  hold  tne  instrument  vertically,  and  move 
the  horizon  index,  till  the  direct  and  reflected  horizons  agree,  and  the  division 
fihown  by  the  horizon  index  will  be  that  required. 

This  adjustment  may  also  be  made  by  n*ea«uring  the  diameter  of  the  sun 
in  contrary  directions;  thus,  the  central  mdex  being  fixed  on  0,  place  a  dark 
glass  at  C  and  another  at  D ;  direct  the  telescope  (through  the  transparent 
part  of  the  horizon  glass)  to  the  sun,  and  move  tne  horizon  index,  till  ois  re- 
flected image  appear  in  the  telescope ;  bring  the  upper  edge  of  the  direct 
image  to  coincide  with  the  lower  of  the  other,  and  note  the  angle  shown  by 
the  index ;  then,  by  moving  the  horizon  index,  bring  the  lower  edge  of  the 

*  Wlicn  the  Inittitiroent  Is  ftirnlthed  wiib  Mljostine  lr>o)«,  tiiis  iK^ostrneni  mii.f  bv  mii4<r  in  ihtr  ToUow. 
Ing  manner.  i>e«  tiie  two  loo'.s  on  opposite  paru  of  the  limb  ai  T  and  L ;  place  ibe  eye  at  r,  nt  nearly 
the  same  belgbt  as  the  upper  edee  o[  the  loola,  mj  Jb«t  pan  of  the  tool  ni  T  nmy  Jx*  Md  by  ihe  central 
^Ism;  move  the  ceDtral  index  ilil  the  reflected  Imagt-  of  thr.  tout  iienreft  the  eye  appears  in  the  central 
gl^n  at  the  side  of  ihe  other  tool  seen  directly ;  then  if  the  upper  edges  of  ihe  tools  are  npparently  in  {he 
nme  straight  line,  the  cemrtil  gla«  is  perpendicular  to  the  plane  uf  the  insirunHiii,  other^fise  its  pi>»i- 
tHin  mast  be  ndjusied  by  the  screws  at  the  b.»cli  of  tlie  frame. 

t  If  you  suspect  that  tbe  marks  on  the  standards  are  inaccurate,  you  may  examine  them  in  the  fuUow« 
iii^  manner.  Lar  the  chrde  horizontally  on  a  table;  place  tbe  two  afUu«>tlng  to<ils  on  opposite  parts  of 
the  limb  at  T  and  Lj  and  at  almut  12  or  15  feet  distance  let  a  well  defined  mark  be  placed,  so  as  to  Be  In 
Ihe  same  straight  l>ne  with  the  tops  «>f  the  loo.s-,  ihen  raise  or  lower  tbe  telescope  till  ihe  mark  is  ap- 
Jiarentiy  in  the  middle  between  the  iwt»  win**:  iben  tlie  axis  of  the  teleM»(>e  will  be  par.dlel  to  ihn 
plane  ol  the  instrument,  and  the  diflVrence  (if  any)  between  the  dWisioas  poiitted  out  by  the  indices  on 
ilie  graduation  of  the  siandarvte  »,  Ir,  (fig.  2)  will  be  the  error  of  the  indiri^.  by  i^nuwliTf  which,  It  ^  it« 
*e  «a*y  In  future  adjastraent«  to  make  allowance  for  tife  error.  uiyiLizi3;u  uy  ^.^_j  ^^ '^Ps  *^^ 
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direct  image  to  coincide  with  the  upper  edge  of  the  reflected  one,  and  note 
also  the  angle  pointed  out  by  the  index;  haJf  the  sum  of  these  two  angles 
will  be  the  point  of  the  limb  where  the  horizon  ind<*x  must  he  placed  to  ren- 
der the  mirr  >rs  parallel.  Thus,  if  the  index  in  the  first  observation  stood  on 
473°  30',  and  in  the  second  on  474^  34',  the  half  sum  of  the  two  474°  2' 
would  be  the  point  where  the  horizon  index  must  be  placed  to  make  the 
mirrors  parallel. 

Thtsc  are  all  the  adjustments  necessaty  to  he  made*  preparatory  to  mtasur- 
ing  any  angular  distance.  When  the  angle  is  measured  by  cross  observa- 
tions, the  error  arising  from  the  want  of  parallelism  of  the  surfaces  of  the 
mirrors,  and  screens,  will  in  general  be  very  small ;  however,  the  method  of 
verifying  those  glasses  and  making  allowance  for  any  error  in  them  will  be 
given  hereafter. 

To  observe  the  meridian  altitude  of  any  celestial  object,  either  by  tm  observation 
to  the  right  or  to  the  left. 

The  method  of  observing  the  meridian  altitude  of  an  object  with  a  circle 
IS  exactly  similar  to  that  with  a  quadrant  or  sextant.  The  central  index 
must  be  fixed  on  0,  and  the  horizon  index  on  the  point  which  renders  the 
two  mirrors  parallel ;  then  the  altitude  may  be  taken  either  by  an  observa- 
tion to  the  right  or  to  the  left ;  but  the  former  method,  in  which  the  large 
coloured  glasses  are  not  necessary,  is  in  general  to  be  preferred ;  because 
those  large  glasses  are  more  liable  to  cause  an  error  in  the  observation  than 
the  small  ones. 

If  an  observation  to  the  right  is  to  be  taken,  a  small  dark  glass  must  be 

E laced  at  O,  if  the  object  be  bright,  then  hold  the  instrument  in  the  right 
and  in  a  vertical  position ;  move  the  central  index,  according  to  the  order 
•f  the  divisions  of  the  limb,  till  the  reflected  image  of  the  object,  seen  in  th6 
telescope,  nearly  touches  the  direct  image  of  the  horizon ;  tighten  the  Index 
\fj  the  screw  at  the  back  of  the  instrument;  make  the  contact  complete  in 
•  the  middle  between  the  parallel  wires  of  the  telescope,  by  the  tangent 
^rew,  and  by  sweeping,  exactly  in  the  same  manner,  as  when  observing  with 
•a  quadrant,  and  the  central  index  will  point  out  the  altitude  of  the  object. 

if  an  observation  to  the  left  is  taken,  and  the  object  be  bright,  a  l&rge 
dRiic  glass  must  be  placed  at  a  o,  if  the  altitude  be  between  5^  and  S^^  x 
otherwise  a  small  glass  at  C  ;  hold  the  instrument  in  the  left  hand,  in  a  ver- 
tical position,  move  the  central  index  contrary  to  the  order  of  the  divisions « 
«nd  bring  the  reflected  image  in  contact  with  the  horizon  as  above :  the  an- 
gTe  shown  bv^  the  central  index  being  subtracted  from  720^,  will  be  the 
bought  altitude. 

In  both  these  methods  of  observing  the  meridian  altitude  of  an  object,  the 
circle,  the  radius  of  which  is  only  five  inches,  will  hardly  be  so  accnrate  as  a 
good  sextant  of  a  larger  radius;  but,  by  the  help  of  a  well  regulated  watch, 
tiie  meridian  altitude  may  be  obtained,  by  the  circle,  to  a  much  greater  de- 
gree of  accuracy  than  by  a  sextant,  by  observing  in  the  following  manner. 
A  few  minutes  before  the  object  passes  the  meridian,  be^n  to  observe  the 
altitude  by  cross  observations  (in  the  manner  to  be  described  in  the  next  ar- 
ticle) and  note  the  time  of  each  observation  by  the  watch :  continue  to  ob- 
serve till  a  few  minutes  after  tlie  object  has  passed  the  meridian :  then  the 
-angles  shown  by  the  central  index  being  divided  by  the  whole  number  of 
observation;,  will  give  the  approximate  meridian  altitude;  the  correction  to 
be  applied  to  it  to  obtain  the  true  meridian  altitude,  may  be  found  by  means 

*  In  some  iiisfrunients  there  u  an  adjitstmeii(*f  tbf  horizon  glass  to  pinoe  it  at  Its  proper  anel«  with 
the  axis  oi  ttie  t«lc.:cope }  if  an  adjusinieut  of  ibis  kind  'u  ueceMJiy,  it  oitgbt  to  be  mndtf  before  toe  other 
■ilju«tin«nt4,  tn  bo.  h  fnann4*r.  that  if  a  culoared  piass  be  Axed  at  C,  noue  of  the  raj«  froiii  the  central 
gi.««»  can  be  rellec<.e<i  lo  the  telescope  from  the  borUim  gUf«  without  patsing  the  coloarsd  glaflu  To 
eflW:i  thiSf  the  vtnie'U  musi  be  placed  at  D,  ami  lovvered  so  as  to  iri|«>rcept  ibe  direct  VigUX  entirely;  then 
place  (he  colour<!<J  j^^lass  at  O,  and  direct  the  ielesco|]e  to  the  Mlvereo  part  of  the  borlzoii  slass ;  move  tbe 
«ei!intr.i|lndex,  and  If  no  uocoloured  Images  api>eur  (reflected  frum  the  central  triats)  but  all  ha*«tte 
^  aame  thiire  as  that  of  the  coiunred  glass  used,  the  liorizoo  gUua  is  In  Its  proper  posltiOD ;  otherwi^  U 
tDitti  be  tarnedoo  Its  axb  liU  Um  vncoloured  images  dtepptfar. 
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of  Tables  XXXJL    and  XXXIII.   by  a  method  which  will  be  explained 
hereafter,  when  treating  of  findinfj  the  latitude  by  a  single  altitude  of  the  sun. 

In  this  article  the  meridian  altitude  has  only  been  spoken  of,  though  it  n 
evident  that  the  method  is  applicable  to  an  object  not  on  the  meridian  ;  but 
in  this  case  the  cross  observations,  which  give  to  the  circle  all  its  advantages, 
may  be  used,  and  the  mean  of  the  altitudes  taken  instead  of  a  single  alti- 
tude ;  this  method  is  peculiarly  adapted  to  the  taking  of  altitudes  for  regu- 
lating a  watch,  for  which  reason  it  will  be  pailicularly  explained  in  the  foU 
lowing  article:— 

To  take  altitudes  of  the  tun  or  any  celestial  object,  by  cross  observatitms,  for 
regulating  a  ufotch. 

Fix  the  central  index  on  0,  and  if  the  object  be  bright  and  the  altitude  be- 
tween 5°  and  35°  place  a  large  coloured  glass  before  the  central  glass,  at  a  a, 
otherwise  a  small  one  at  C ;  hold  the  instrument  in 
the  left  hand,  in  a  vertical  position ;  move  the  hori-  Times  of  obs. 
zon  index  till  the  image  of  the  reflected  object  be       j*"'*?*!?"" 
brought  in  complete  contact  with  the  horizon.  Id  the 
mid£e  between  the  two  parallel  wires  of  the  tel- 
escope, as  directed  in  the  preceding  article,  and  note 
the  time  of  observation  by  the  watch ;  then  fasten 
the  horizon  index;  hold  the  instrtunent  in  the  right 
hand,  in  a  vertical  position,  move  the  central  index  6)26.  16.  40. 
according  to  the  order  of  the  divisions,  till  the  re- 
flected image  be  again  brought  into  complete  con- 
tact with  the  horizon*  as  above,  and  note  the  time 
of  observation.    Then  half  the  sum  of  the  tiixies, 

and  half  the  angle  shown  by  the  index,  will  be  a  mean  time,  and  a  mean 
altitude  corresponding  thereto. 

If  greater  accuracy  be  required,  the  observation  must  be  repeated,  settiDf 
aut  from  the  points  where  the  indices  then  are,  and  observing  in  the  same 
manner  by  moving  first  the  horizon  index,  then  the  central  one ;  continue  >, 
taking  as  many  of  these  cross  observations  as  are  judged  necessary,  and  note/ 
the.  times  of  each  observation :  Theu  the  sum  of  the  times,  divided  by  the 
whole  number  of  observations,  will  be  a  mean  time;  and  the  angle  shown 
by  the  central  index,  divided  by  the  number  of  obser^'ations,  will  be  a  mmm 
altitude  corresponding  thereto.  Thus,  if  .<«ix  observations  were  taken,  and  me 
times  noted  as  in  the  adjoijied  table,  the  angle  shown  by  the  index  being 
BO^  94\  the  mean  time  would  be  obtained  by  dividing  the  sum  of  the  times 
£6b.  16'  40"  by  6,  and  the  mean  altitude  by  dividing  60^  £1'  by  6;  therefore 
the  mean  time  would  be  4h.  3.%'  47"  and  the  mean  altitude  correspoodlnff 
10O4'- 

To  measure  the  distance  between  the  sun  and  moon,  by  a  circtdar  instrument. 

The  instrument  being  well  adjusted,  fix  the  central  index  on  0,  and  if  the 
object  be  bright,  place  a  small  dark  glass  at  C ;  hold  the  instrument  so  that 
its  plane  may  be  directed  to  the  objects,  with  its  face  downwards  when  the 
sun  is  to  the  right  of  the  moon :  otherwise,  with  its  face  upwards ;  direct 
the  sight  through  the  telescope  to  the  moon ;  move  the  horizon  index  ac- 
cording to  the  order  of  the  divisions  of  the  limb,  till  the  reflected  image  of 
the  sun  appears  in  the  telescope,  and  the  nearest  limbs  of  the  sun  and  moon 
are  almost  in  contact;  fasten  the  index,  and  make  the  coincidence  of  the 
—  ■  I  I  ,  .1- ■«■...,.  I  •.  - 

*  The  arch  described  tn  (h<>  llmh  by  the  c«*ntrRl  index  will  be  equal  to  twice  tb«'  altitude  of  the  obfecf, 
or  twic*-  the  anirie  p«!tv>d  ov«t  b>  the  other  index ;  If  more  cro»§  obacrv  itions  be  taken,  eacb  of  the  fndi- 
cea,  wb«;n  moved,  will  rlescriite  an  ardi  equal  to  double  the  altitude  of  IheoMect :  the  Hune  la  to  be  obMrr- 
ed  in  ineaNoring  any  other  angular  dictance.  If  the  instrument  is  furnisbed  with  the  arch  WSR,  and 
slidinr  piece*  u,  X,  you  moMbrinfr  the  itllde  X  to  tbe  central  index  after  taklnc  the  fir.wt  observation  to 
th«  leik,  and  place  the  slide  U  ar  the  same  degree  on  the  arch  8W  that  X  is  on  the  arch  PK ;  then,  in  tbe 
next  observation,  tlie  central  Index  it  to  be  bronebt  to  touch  the  slide  U ;  in  tl»e  next  observation  to  the 
IcA  the  slide  X  Is  to  be  braught  to  the  central  imVx,  and  so  on  for  tb<*  other  obwrmtions.  Thus,  by  meeAi 
o(  ihe  slides,  cbeindices  may  be  placed  at  nearly  their  proper  angles  with  eitcb  otb«r  at  the  begfmltfjg  ol 
the  observation,  which  will  save  considerable  time.  After  being  thus  fixed,  the  contMt  mint  be  oooplccrd 
by  means  of  tbe  tangent  sf  rew  of  tbe  Index,  whkfa  is  to  be  moved. 
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limbs  perfect,  in  the  middle  between  the  two  parallel  wires  of  the  telescope, 
by  means  of  the  tangent  screw  of  the  horizon  glass,  and  note  the  time  of  ob^ 
nervation,  then  invert  the  instrument,  and  move  the  central  index,  according 
to  the  order  of  the  divisions  of  the  limb,  by  a  quantity  equal  to  twice  the 
jarch  passed  over  by  the  horizon  index  (or  twice  the  distance  of  the  sun  and 
moon  ;*)  direct  the  plane  of  the  instrument  to  the  objects ;  look  directly  at 
the  moon,  and  the  sun  will  be  seen  in  the  field  of  the  telescope :  fasten  the 
central  index,  and  make  the  contact  of  their  nearest  limbs  complete,  in  the 
middle  between  the  two  parallel  wires  of  the  telescope,  by  means  of  the 
tangent  screw  of  the  centraljndex,  and  note  the  time  of  observation ;  the* 
half  the  arch  shown  by  the  central  index  will  be  the  distance  of  the  nearest 
linibs  of  the  sun  and  moon,  and  half  the  sum  of  the  times  will  be  the  mean 
time  of  observation. 

Having  finished  these  two  observations,  two  others  may  be  taken  in  the 
tiame  manner,  setting  out  from  the  points  where  the  indices  then  are,  and 
moving  first  the  horizon  index,  then  the  central  index :  proceed  thus,  till  as 
many  observations  as  are  judged  necessary  be  taken,  alwa'ys  observing  that 
the  number  of  them  be  even ;  then  the  angles  shown  by  the  central  index  (or 
that  angle  increased  by  7^0^,  or  1440^,  &lc.  if  the  index  has  been  moved  once 
or  twice,  &.c.  round  the  limb)  being  divided  by  the  whole  number  of  obser- 
vations, will  give  the  mean  distance,  and  the  sum  of  all  the  times  divided  in^ 
like  manner  will  be  the  mean  time  of  observation. 

To  measure  the  distance  b^treen  the  moon  and  star,  by  a  circular  tfutrument. 
Fix  the  central  index  on  0,  and  if  the  moon  be  bright,  and  the  distance  be- 
tween 5^  and  35^,  place  a  large  green  glass  before  the  central  mirror  at  a  a, 
otherwise  a  small  one  at  C ;  hold  the  instrument  so  that  its  plane  may  be 
directed  to  the  objects,  with  its  face  downwards  when  the  moon  is  to  the 
right  of  the  star,  otherwise  with  its  face  upwards ;  direct  the  sight  through 
the  telescope  to  the  star ;  move  the  horizon  index,  according  to  tiie  order  of 
the  divisions  of  the  limb,  till  the  reflected  image  of  the  moon  appears  in  the 
telescope,  and  tlie  enlightened  limb  of  the  moon  be  nearly  in  contact  with 
the  star;  fasten  the  index,  and  make  the  coincidence  perfect,  in  the  middle 
between  the  parallel  wires  of  the  telescope,  by  means  of  the  tangent  scfcw 
belonging  to  that  index,  and  note  the  time  of  observation ;  then  invert  the 
instrument,  and  move  the  central  index,  according  to  the  order  of  the  ^vi- 
sions of  the  limb,  by  a  quantity  equal  to  twice  the  arch  passed  over  by  the 
horizon  index  ;*  direct  tne  plane  of  the  instrument  to  the  objects,  look  di- 

^|ectly  at  the  star,  and  the  moon  will  be  seen  in  the  field  of  Uie  telescope ; 

^  rasten  the  central  index,  and  make  the  contact  of  the  enlightened  limb  of  the 
moon  and  the  star  complete,  in  the  middle  between  the  two  parallel  wires  ef 
t^e  telescope,  by  means  of  the  tangent  screw  of  that  index,  and  note  the 
time ;  then  half  the  arch  shown  by  the  central  index  will  be  the  distance  of 
the  sltar  from  the  enlightened  limb  of  the  moon,  and  l^alf  the  sum  of  the 
times  will  be  the  mean  lime  of  observation ;  these  two  observations  being 
completed,  others  may  be  taken,  in  the  same  manner,  according  to  the  di- 
rections above  given  for  measuring  the  distance  of  the  sun  from  the  moon. 

In  continuing  to  take  these  cross  observations  by  a  circle  furnished  with 
the  arch  WSR,  and  slides  U,  X,  it  will  be  very  easy  to  bring  the  reflected 
ima^e  into  the  field  of  the  telescope ;  but  if  the  instrument  is  not  thus 
furnished,  it  will  be  often  difficult  to  bring  the  image  into  the  field  of  the 
telescope,  and  much  time  will  be  lost,  and  the  observations  rendered 
tedious  by  that  means;  to  remedy  this,  a  small  table  of  the  angles  at 
which  each  index  should  be  placed,  ought  to  be  made  before  beginning  the 
observation :  this  table  is  easily  formed,  as  follows :  find  roughly  according 
to  the  directions  heretofore  given,  the  point  at  which  the  horizon  glass  must 
be  placed  to  be  parallel  to  the  central  -glass,  when  the  central  index  is  en 
0 ;  then  'find  what  point  of  the  arch  the  horizon  index  stands  upon  after 
measuring  the  first  distance,  as  directed  above ;  tjic  difference  between  these 

*  This  moy  tr  domi  esf^tioiisty  by  mcitiis  (ff  th«slUl^  ^7,  X,  «i  vrvs  etjiU\wd  In  tbc  preeedini*  nui«. 
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two  points  will  be  the  angular  distance  of  the  objects ;  the  double  of  thia 
distance  being  successively  added  to  0^,  and  to  the  angle 
peinted  out  by  the  horizon  index  after  the  first  obsenation, 
iriJl  give  the  points  of  tlie  arcli  where  the  indices  must  be 
placed  at  the  2d.  dd.  4th.  &.c.  observations.  Thus,  if  the. 
point  of  parallelism  was  471^  and  the  point  where  the  hori- 
zon index  was  at  the  first  observation,  was  525°,  the  differ- 
ence  or  54^  would  be  the  angular  distance ;  tlie  double  of 
which,  or  108^,  being  added  to  525°  gives  633^,  which  is  the 
point  of  the  arch  where  that  index  must  be  placed  at  the 
third  observation;  633^  added  to  108°  gives  741^  or  21^  (be- 
cause the  divisions  recommence  at  720^)  which  is  the  point  where  the  indev 
must  be  placed  at  the  fifth  observation,  &lc.  as  in  the  adjoined  Table.  The. 
central  indfix  being  at  first  on  0^,  after  the  second  observation  it  will  be  on 
108O,at  the  fourth  on  108^+ 1080=2160  at  the  sixth  on  216°+ 1080=3240 
fcc.  Thus,  by  constantly  adding  108O,  or  twice  the  distance  of  the  objects, 
the  angles,  at  which  the  indices  must  bo  placed,  will  be  obtained;  and  by 
fixing  them  at  these  angles,  the  reflected  image  will  be  brought  into  the  field 
of  view  without  any  trouble.* 

Having  explained  the  methods  of  adjusting  and  using  tlie  circle  of  reflec- 
tion, it  remams  to  show  how  to  calculate  the  error  arising  from  not  observing 
the  contact  of  the  objects  in  the  middle  between  .the  parallel  wires  of  the 
telescope,  and  also  to  estimate  the  errors  arising  from  the  want  of  parallelism 
of  the  mirrors  and  coloured  glasses.  These  verifications  are  much  more 
necessary  in  a  sextant  than  in  a  circle,  and  tliey  may  be  in  general  neglected. 

To  estimate  the  error  arising  from  not  observing  the  contact  of  the  objects  in 
the  middle  between  the  parallel  wires  of  the  telescope. 

To  estimate  that  error,  it  is  necessary  to  know  the  angular  distance  of  thi»  - 
wires  of  the  telescope,  which  may  be  thus  determined.  * 

Tom  round  the  eye-piece  of  the  telescope,  till  the  wires  are  perpendicu- 
lar to  the  plane  of  the  instrument,  and  put  the  central  index  on  0;  direct 
the  telescope  to  any  well  defined  object,  at  least  12  feet  distant,  and  move 
the  horizon  index  till  the  direct  and  reflected  image  of  the  object  coincide; 
then  make  one  of  the  wires  coincide  with  the  object,  and  turn  the  central  in- 
dex till  the  reflected  image  of  the  object  coincides  with  the  other  wire-Kmd 
the  arch  passed  over  by  that  index  will  be  the  angular  distance  between  tUn 
wires-  This  angle  being  obtained,  the  observer  must,  by  means  of  it,  estj- 
mate^  at  each  obsen^ation,  how  much  tlie  place  where  the  contact  was  ob- 
si»rved  was  elevated  above,  or  depressed  below  the  plane  passing  through 
the  eye  and  the  middle  line  between  the  two  parallel  wires  of  the  telescope: 
the  correction  in  Table  XXXV.  corresponding  to  this  angle,  is  to  be  subtracted 
from  the  observed  angular  distance  of  the  objects :  thus  if  the  distance  be- 
tween the  wires  was  2P,  ono  of  them  would  be  elevated  above  that  plane  lO 
and  die  other  depressed  below  it,  by  the  same  quantity;  if,  in  taking  an  ob- 
servation, the  point  of  contact  was  estimated  to  be  one-third  part  of  the  dis- 
tance from  the  middle  towards  either  wire,  the  angle  of  elevation  or  depres- 
i^kiD  would  be  one-third  part  of  lO  or  20';  and  if  the  observed  distance  was 
lioo  the  correction  in  Table  XXXV.  would  be  12"  subtractive  from  the 
observed  distance. 

The  correction  for  each  observed  distance  being  ascertained,  in  tlie  above 
manner,  the  sum  of  them  must  be  subtracted  from  the  whole  angle  shown 

*  If  the  distance  of  the  object  varies  during  the  observation,  these  angles  will  require 
correctioD  as  you  proceed  with  the  observationB.  Thus  if  the  distance  was  increasing, 
aad  at  the  sixth  observation  it  was  found  that  the  central  index  was  on  326°  instead  of 
324-,  the  increase  being  2^,  you  must  add  2^  to  the  rest  of  the  numbers  in  the  Tabic, 
and  place  the  horizon  index  at  the  seventh  observation  on  129°-t-2°=131^  and  the 
central  index  at  the  eighth  obscnation  at  432^-f2^=434^,  &c. 
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by  the  central  index,  and  the  remainder,  idivided  by  the  whole  number  of 
observations,  will  be  the  mean  distance. 

Verificatum  of  the  parallelism,  of  the  surfaets  of  the  central  mirror. 

Tins  verification  is  to  be  made  ashore,  by  observing  the  angular  distance 
of  two  well  defined  objects,  whose  distance  exceeds  00°  Or  100°,  having  pre- 
viously well  adjusted  the  instrument;  after  taking  several  cross  observations 
and  finding  the  mean  distance,  tiike  out  the'^central  mirror  and  turn  it  so 
that  the  edge  which  wjis  formerly  uppermost  may  now  be  nearest  the  plane 
of  the  instrument;  rectify  its  position,  and  take  an  equal  number  of  cross 
observations  of  the  angular,  distance  of  the  sanile  two  objects^  half  the.*' dif- 
ference betiveen  the  mean  of  these,  and  that  of  the  former,  will  be  the  error 
of  the  observed  angle,  ^^rising  from  die  defect  of  parallelism  of  tlie  central 
mirror.  If  the  first  mean  exceeds  the  second,  the  errbr  is  sublractiiFe,  other- 
wise additive, .  the  mirror  being  in  its  first  poFsition;  but  the  contrary'when 
in  its  second  position.  Thus,  if  10  observations  were  taken  at  each  opera- 
tion, and  in  the  first  the  angle  shown  by  the  index,  was  1199<^  5»4',  and  in 
the- second  ISOQ^  6i';  by  cUviding  by  10  the  mean  angles  are  found  to  be 
1190  59'ai"and  120°  0'39",  the  difference  of  which  is  78",  the  half  of  which 
or  39"  is  the  error  of  the  mirror  additive  when  it  is  in  its  first  position;  sub- 
tl-active  in  the  second.  The  error  for'any other  angle  may  l>e  found  by  col. 
4,  Table  XXXIV.  when  the  inclination  oftliie  plane  of  the  horizon  glass  to 
tht  axis  of  the  telescope  islS^,  by  saying,  as  the  tabular  error  correspond- 
ing to  1S0<^  that  is  1'  SO"  is  to  the  error  found  in  the  glass  39"  so  is  the  tabu- 
lar error  for  any  other  at  8$°  which  is  0'  28",  to  the  error  of  the  glass 
correspondmg  12";  and  in  this  manner  a  table  of  errors  may  be  made,  not 
only  for  the  cross  observations,  but  also  for  the  observations  to  the  right  op 
kft.«^ 

It  may  be  remarked  that  the  errors  are  much  less  in  the  cross  observations 
ihan  in  the  observations  to  the  right,  which  are  those  made  with  a  quadrant 
or  sextant,  so  that  tlie  circle  has,  in  this  respect,  greatly  the  advantage  of 
those  instruments. 

The  angle  between  the  plane  of  the  horizon  glass  and  axis  of  the  tele- 
scope j^roduced,  being  nearly  the  same  in  all  observations  and  adjustments 
of  the  circle,  no  sensible  error  can  arise  from  tlie  want  of  parallelism  in  the 
surfaces  of  that  glass. 

Veiification  of  tJie  parallelism  of  the  coloured  glasses. 

Place  one  of  the  dark  coloured  glasses  at  C  and  another  at  D,  fix  the  cen- 
tral index  at  0,  direct  the  telescope  to  the  'sun,  and  move  the  horizon  index 
till  the  limbs  of  the  direct  and  reflected  image  coincide;  then  turn  the  dark 
^lass  placed  at  C,  so  that  the  surface  which  was  farthest  from  the  horizon 
glass  may  now  be  nearest  to  it,  and  if  the  contact  of  the  same  two  limbs  be 
complete,  the  surfaces  of  the  glass  placed  at  C  are  parallel :  but  if  the  limbs 
lap  over  or  separate,  the  central  index  must  be  moved  to  bring  them  again 
in  contact,  then  half  the  arch  passed  over  by  that  index  will  be  the  error  aris- 
ing from  the  want  of  parallelism  of  the  glass  C.  If  great  accuracy  is  required, 
the  operation  may  be  repeated,  by  setting  out  from  ^e  point  where  tlie  in- 
dices then  are,  and  taking  4  or  6,  Stc  observations,  tlien  the  arch  passed  over 
by  the  central  index  being  divided  by  4,  6,  &tc.  will  be  the  sought  error. 
The  other  smaU  glasses  may  be  verified  in  the  same  manner;  and  by  plac- 
ing one  of  the  larger  glasses  before  the  central  index  at  a  a,  and  one  of  the 
smaller  ones  at  D,  the  former  may  be  verified  as  above.  The  green  glasses 
may  be  verified  by  observing  the  diameter  of  the  full  moon,  or  by  some 
bright  terrestrial  object. 

It  may  be  remariced  as  one  of  the  greatest  advantages  of  the  circle,  that 
in  measuring  an  angle  by  the  cross  observations,  no  error  can  arise  from  the 

*  If  the  incliniitloii  of  the  plase  of  the  horlxon  glusB  and  the  axis  of  the  leieicope  difler  rrom  80**,  tod 
may  iSod  the  t&butur  numbers  by  the  mptbod  given  in  the  exptaoatbn  of  Table  XXXIV.  prefixed  to 
iheTvbfeSi 
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want  of  parallelism  in  the  surfaces  of  the  smaller  dark  glasses;  for  if  those 
(glasses  give  too  great  an  angle  by  an  observation  to  the  right,  they  give  too 
little  by  the  same  quantity  by  an  observation  to  the  left.  It  is  not  so  with 
the  larger  glasses  placed  at  a  a,  because  the  Incidence  of  the  rays  on  thoae 
glasses  is  more  oblique  in  one  observation  than  in  the  other,  so  that  the  er- 
rors do  not  wholly  balance  each  other;  however,  as  those  glasses  are  used 
only  in  measuring  angles  less  than  35^,  in  which  the  errors  are  nearly  the 
same  as  if  the  incidence  of  the  rays  was  perpendicular,  the  errors  of  those 
glasses  will  also  nearly  compensate  each  other  in  the  cross  observations ; 
and  if  those  observations  only  were  used,  it  would  be  unnecessary  to  verify 
the  dark  glasses  :-»Evcn  when  taking  observations  to  the  right,  or  observa- 
tions to  the  left,  the  error  of  the  dark  glasses  would  be  destroyed,  if  the  glass 
was  turned  at  each  observation,  and  the  number  of  observations  was  even ; 
hut  there  are  some  cases  in  which  an  angle  can  only  be  measured  by  one 
observation,  then  it  would  be  necessary  to  allow  for  the  error  of  the  dark 
gbss,  if  tha  distance  was  required  to  be  found  within  ji  few  seconds. 


ON  PARALLAX,   REFRACllOTV, 
DIP  OF  THE   HORIZON. 

PARALLAX  (or  diurnal  parallax)  is  the  difference  between  the  true  aititud^  k 
of  tkt  Sim,  moon,  or  star,  if  it  tcere  observed  at  the  centre  of  the  earth,  aata' 
tie  apparent  altitude  observed  at  the  same  instant  by  a  spectator  at  any  point 
M  the  surface  of  the  earth. 

Thus  in  Plate  IX.  fig.  3,  let  ABC  be  the  earth,  C  its  centre,  A  the  place  of 
a  spectator,  EDF  part  of  the  moon's  orbit,  e  dG  part  of  the  orbit  of  a  planet, 
and  KZ  part  of  the  starry  heavens.  Then  if  at  any  time  the  moon  be  at  D, 
she  wfll  be  referred  to  the  pojnt  H  by  a  spectator  supposed  to  be  placed  at 
the  centre  of  the  earth,  and  this  is  called  the  true  place  of  the  moon,  but  tho 
spectator  at  A  will  refer  the  moon  to  flie  point  6,  and  this  is  called  the  appa- 
rent place  of  the  moon,  the  difference  H  b  (or  the  angle  HD6=ADC)  is  called 
the  moon's  parallax  in  altitude,  which  is  evidently  greatest  when  the  moon 
is  in  the  horizon  at  E,  being  then  equal  to  the  arch  K  I,  and  decreases  from 
the  horizon  to  the  zenith  and  is  there  nothing.  The  parallax  is  less  as  the 
objects  are  farther  from  the  earth :  thus  the  parallax  of  a  planet  at  d  is  re- 
presented by  a  h,  being  less  than  that  of  the  moon  at  D ;  apd  the  hori- 
zontal parallax  K  /  of  the  planet  is  less  than  the  horizontal  parallax  KI 
of  the  moon.  As  the  parallax  makes  the  objects  appear  lower  than  they 
reaUy  are,  it  is  evident  that  the  parallax  must  be  added  to  the  apparent 
altitude  to  obtain  the  true  altitude.  Having  the  horizontal  parallax,  4lie 
parallax  in  altitude  is  easily  found  by  the  following  rule— As  r€idius  is  to  the 
to-sine  of  the  (parent  altitiule,  so  is  the  horizontal  parallai  to  the  parallax  in 
altitude.  This  rule  may  be  easily  proved:  for  in  the  triangle  CAE  we  have 
CE  :  CA  :  :  radius  :  sine  CE A ;  and  in  the  triangle  CDA  we  have  CD  (or 
CE) :  C  A  :  :  sine  CAD  :  sine  CDA ;  hence  we  have,  radius  :  sine  CE  A : :  sine 
CAD :  sine  CDA,  but  CE  A = horizontal  parallax,  CDA=parallax  in  altitude, 
and  sine  CAD=:co-sinc  app.  alt.  Hence  we  have  radius  :  co-sine  app. 
ulL  :  :  sine  hor.  par.  :  sine  par.  in  alt.  but  the  parallaxes  of  the  heavenly 
bodies  being  vei^-  small,  the  sin^s  are  nearly  proportional  to  the  parallaxes, 
li«»oce  we  may  say,  as  radius  :  co-sine  app.  alt.  :  :  lior.  par.  :  par.  in  alt. 

The  sun's  mean  parallax  in  altitude  is  given  in  Table  XIV.  for  each  5^  or 
10*-  of  altitude.  The  moon's  horizontal  parallax  is  given  in  the  7th  page  of 
the  montli  of  the^Nautical  Almaniir,  for  fvi^y  noon  and  midnight  at  the  mr- 
■  idian  of  Greenwich.  uiymzeu  uy  ^.^j^*^^^!^ 
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REFRACTION   OF   f  HE   HEAVENLY   BODIES. 

It  is  known  by  various  experiments  that  the  rays  of  light  deviate  from  tiieir 
rectilinear  course  in  passing  obliquely  out  of  one  medium  into  another  of  a 
tlifTerent  density,  and  if  the  density  of  the  latter  medium  continually  in- 
crease, the  rays  of  light  in  passing  through  it  will  deviate  more  and  more 
from  tli^  right  lines  in  which  they  were  projected  towards  the  perpendicular 
to  the  surface  of  the  medium :  This  may  be  illustrated  by  the  following  ex- 
periment :  make  a  mark  at  the  bottom  of  any  bason  or  other  vessel,  and 
place  yourself  in  such  a  situation  that  the  hither  edge  of  the  bason  may  just 
hide  the  mark  from  your  sight,  then  keep  your  eye  steady,  and  let  another 
person  fill  th^  bason  gently  with  water :  as  the  bason  is  filled,  you  will  per- 
ceive the  mark  come  into  view,  and  appear  to  be  elevated  above  its  former 
situation.  In  a  similar  manner,  the  light  in  passing  from  the  heavenly  bodies 
through  the  atmosphere  of  the  earth  deviates  from  its  rectilinear  course,  by 
which  means  those  objects  ajipear  higher  than  tiiey  really  are,  except  when 
in  tiie  zenith ;  this  apparent  elevation  of  the  heavenly  bodies  above  their  true 
places,  is  called  tlie  refraction  of  those  bodies.  To  illustrate  this,  let  ABC 
(Fig.  a,  Plate  IX.)  represent  the  atmosphere  surrounding  the  earth  DEF,  and 
let  an  observer  be  at  D,  and  a  star  at  a,  then  if  there  were  no  refraction,  the 
observer  would  see  the  star  according  to  the  direction  of  the  right  line  D  a, 
»  but  as  the  light  is  refracted,  it  will,  when  entering  the  atmosphere  near  A,  be 
bent  from  its  rectilinear  course,  and  will  describe  a  curve  line  from  A  to  D, 
and  at  entering  the  eye  of  the  observer  at  D  will  appear  in  the  line  D  5, 
vhich  18  a  tangent  to  the  curve  at  the  point  D,  and  the  arch  ab  will  be  the 
refraction  in  altitude  or  simply  the  refraction,  which  must  be  subtracted  from 
the  observed  altitude  to  obtain  the  true. 

At  the  zenith  the  refraction  is  nothing,  and  the  lesser  the  altitude  the  more 
obliquely  the  rays  will  enter  the  atmosphere,  and  the  greater  will  be  the  re- 
IVaction :  at  the  horizon  the  refraction  is  greatest.  In  consequence  of  the 
refraction,  any  heavenly  body  may  be  actually  below  the  horizon,  when  ap- 
pearing above  it  Thus  when  tlie  sun  is  at  T  below  the  horizon,  a  ray  of 
light  TI  proceeding  from  T  comes  straight  to  I,  and  is  there,  on  entering  the 
atmosphere,  turned  out  of  its  rectilinear  course,  and  is  so  bent  down  to- 
wards the  eye  of  the  observer  at  D,  that  the  Bun  appears  in  the  direction  of 
the  refracted  ray  above  the  horizon  at  S. 

The  mean  quantity  of  the  refraction  of  the  heavenly  bodies  is  given  in  Ta- 
ble XIL  All  observed  altitudes  of  the  sun,  moon,  planets,  or  other  heavenly 
bodies,  must  be  decreased  by  the  numbers  taken  from  that  Table  corres- 
ponding to  the  observed  altitude  of  the  object.  The  refraction  varies  with 
the  temperature  and  density  of  the  air,  increasing  by  cold  or  greater  density, 
and  decreasing  by  heat  and  rarity  of  the  atmosphere.  The  corrections  to  be 
applied  to.Uie  numbers  taken  from  TabIe.XII.  for  different  heights  of  Fahren- 
heit's Thermometer  and  the  Barometer,  are  given  in  Table  XXXVI.*  Thus, 
if  the  refraction  was  required  for  the  apparent  altitude  5^,  when  the  thermo- 
meter was  at  SO^  and  tlie  barometer  at  30,67  inches,  we  should  have  the 
mean  refraction  by  Table  XII.  equal  to  9'  53",  and  by  Table  XXXVI.  the 
cdtrection  corresponding  to  the  height  of  the  thermometer  20^  equal  to+4C", 
and  for  the  barometer  30,67  equal  to-|-22",  hence  the  true  refraction  will 
be  9'  53"+48':+22"=ll'  3". 

There  is  sometimes  an  irregular  refraction  near  the  horizon  caused  by  the* 
vapours  near  the  surface  of  the  earth ;  the  only  method  of  avoiding  the  error 
arising  from  this  source,  which  is  sometimes  very  great,  is  to  take  the  ob- 
Kcrvations  at  a  time  when  the  object  which  is  observed  is  more  than  10^ 
above  the  horizon. 

The  refraction  makes  any  terrestrial  object  appear  more  elevated  than  it 
really  is ;  the  quantity  of  this  elevation  varies  at  different  times  from  \  to  ^V 

*  ThiA  table  is  to  be  entered  with  the  height  of  the  Thermometer  or  Barometer  at 
the  top,  and  the  apparent  altitude  at  the  aide,  under  the  former,  and  opposite  the  latter, 
will  be  t])c  correction  corresponding  to  the  Thci-mometer  or  Barometer,  which  is  tcr  Ik: 
applied  to  the  mean  refraction  by  addition  or  subtraction  arc^di5gJiMi>^^5;\'^*^  ^^ 
top  of  the  columns  respectively.  ^ 
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of  the  angle  foniied  at  the  centre  of  the  earth,  between  the  object  and  the 
Observer,  but  in  general  this  rcfrac^on  is  about  yV  ^^  ^^^^  angle. 

DIP    OF   THE   HORIZON. 

Dip  of  the  horizon  ui  the  angle  of  depression  of  the  visible  horizon  below 
the  true  or  sensible  horizon  (touching  the  earth  at  the  observer)  arising  from 
the  elevation  of  the  eye  of  the  observer  above  the  level  of  the  sea.  Thus 
in  Plate  IX.  Fig.  1.  let  ABC  represent  a  section  of  the  earth,  whose  plane 
produced  pass<  s  through  the  observer  and  the  object,  and  let  AE  be  the 
height  of  the  eye  of  the  observer  above  the  surface  of  the  earth,  then  FEG 
drawn  parallel  to  the  tangent  to  tlie  surface  at  A,  will  represent  the  true  hori- 
zon, and  EIH,  touching  the  earth  at  I,  will  represent  Ihe  apparent  horizon  ;— 
therefore  the  angle  FEH  will  be  the  dip  of  the  horizon.  Let  M  be  an  object 
whose  altitude  is  to  be  observed  by  a  fore  observation  by  bringing  the  image 
In  contact  with  the  apparent  horizon  at  H ;  then  will  the  angle  MEH  be  the 
observed  altitude,  which  is  greater  than  the  angle  MEF  (the  altitude  inde- 
pendent of  the  dip)  by  the  quantity  of  the  angle  FEH ;  so  that  in  taking  a 
tore  observation  the  dip  must  be  subtracted  from  the  obsened  altitude  to 
obtain  the  altitude  corrected  for  the  din.  In  a  back  observation  the  appa- 
rent horizon  is  in  the  direction  EK,  and  by  continuing  this  line  in  the  direc- 
tion EL  we  shall  have  the  observed  altitude  MEL,  and  it  is  evident  that  to 
this  the  dip  L£F  (=KEG)  must  be  added  to  obtain  the  altitude  corrected 
for  the  dip. 

In  Table  XIII.  is  given  the  dip  for  every  probable  height  of  the  observev 
expressed  in  feet.  In  calculating  tliis  table,  attention  was  paid  to  the  terres- 
trial refraction  which  decreases  the  dip  a  little,  because  IE  becomes  a  curve 
line  instead  of  a  straight  one,  and  EH  is  a  tangent  to  that  curve  in  tlie 
point  E. 

What  has  been  said  concerning  the  dip  of  the  horizon  supposes  it  free 
from  all  incumbrances  of  land  or  other  objects ;  but  as  it  often  happens 
when  ships  are  sailing  along  shore,  or  are  at  anchor  in  a  harbour,  that  an  ob- 
servation is  wanted  when  the  sun  is  over  the  land,  and  the  shore  nearer  the 
f^hip  than  the  visible  horizon  would  be  if  it  were  unconfincd ;  in  this  case 
the  dip  of  the  horizon  will  be  different  from  what  it  otherwise  would  have 
"been,  and  greater  the  nearer  the  ship  is  to  that  part  of  the  shore  to  which 
the  sun  is  brought  down.  For  this  reason  Table  XVI.  has  been  inserted, 
^vhich  contains  the  dip  of  the  sea  at  different  heights  of  the  eye,  Jmd  at  dif- 
ferent distances  of  the  ship  from  the  land.  This  table  is  to  be  entered  at 
the  top  with  the  height  of  the  eye  of  the  observer  above  the  level  of  the  sea 
in  feet,  and  in  the  left  hand  side  column  with  the  distance  of  the  ship  from  the 
land  in  sea  miles  and  parts ;  under  the  former,  and  opposite  the  latter,  stands 
the  dip  of  the  horizon,  which  is  to  be  subtracted  from  the  altitude  observed 
by  a  fore  observation  instead  of  the  numbers  in  Table  XIII. 

The  distance  of  the  land  requisite  in  finding  the  dip  from  Table  XVI. 
may  be  found  nearly  in  the  following  manner— Let  two  observers,  one 
placed  as  high  on  the  main-mast  as  he  can  conveniently  be,  and  the  other 
on  the  deck  immediately  beneath  him,  observe  at  the  same  instant  the  alti- 
tude of  the  sun  or  other  object  that  may  be  wanted,  and  let  the  height  of 
the  eye  of  the  upper  observer  above  that  of  the  lower  be  measured  in  feet 
and  multiplied  by  0,06,  and  the  product,  divided  by  the  difference  of  the 
observed  altitudes  of  the  sun  in  minutes,  will  be  the  distance  in  sea  miles^ 
nearly. 

Thus,  if  the  eye  of  the  upper  observer  was  68  feet  higher  than  that  of 
the  lower,  and  the  two  observed  altitudes  of  the  sun  20^  0'  and  20°  12'  the 
distance  of  the  land  in  sea  miles  would  be  5,2.  For  68  x  0,66=38,08  and 
this  divided  by  the  difference  of  the  two  observed  altitudes  of  the  sun  12' 
gives  3,2  nearly.  Now  if  the  lower  observer  was  25  feet  above  the  level  of 
the  sea,  the  dip  corresponding  to  this  height  and  the  distance  3,2  miles  would 
he  6',  which  subtracted  from  20^  0'  leaves  19^  54'  the  altitude  corrected  for 
the  dip. 

The  dip  may  be  calculated  in  this  kind  of  observations  to  a  sufficient  de- 
p-ce  of  acrnrary  without  using:  Table  XVI.  in  the  following  manner — Divide 
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the  flifierenee  of  the  heights  of  the  two  observers  in  feet  bjr  the  djffereiieG 
of  the  observed  altitu4e  in  minutes,  and  reserve  the  quotiedtb  Divide  the 
height  of  the  lower >6baerver  in  feet  by  this  reserved  number/  and  to  the 

Suotient  add  one  quarter  of  the  reserved  number,  and  the  sum  will  be  the 
ip  in  minutes  eovresponding  to  the  lower  ebserver,  Thus  in  the  above  ex- 
ample fl  =s:5\6  is  the  reserved  number,  and  f,f  :st4.  4,  to  this  add  one  fourth 
of  5'.6  or  1'.4  and  the  sum  will  be  the  dip  5'.8  or  nearly  6'  corresp<^nding  to 
the  lower  observer,  being  the  same  as  was  found  by  the  table. 


TO  FIND  THE  SUN'S  DECLINATION, 

THE  decimation  of  the  Sun  is  given  to  the  nearest  minute  in  Tab<  IV.  for 
every  nooti  at  Greenwich,  from  the  year  1824  to  1838;  and  this  table 
will  answer  for  some  years  beyond  that  period,  without  any  material  error ; 
if  great  accuracy  is  required,  the  declination  may  be  taken  from  the  second 
page  of  the  month  of  the  NAiftical  Almanac.*^  This  deditation  may^  be 
reduced  to  any  other  meridian,  by  means  of  Table  V.  in  th«  following 
.  manner. 

To  find  tht  sun's  declinati(m  at  nootit  at  any  place^ 
Rl7Le.  Take  out  the  declination  at  noon  at  Greenwich  from  Table  tV^ 
(of  from  the  Nautical  Almanac;)  then  find- the  longitude  from  Greenwicfi 
In  the  top  column  of  Table  V.and  the  day  of  the  month  in  the  sidecohmin; 
tuider  the  former,  and  opposite  to  the  latter,  will  be  a  correction  in  minutes 
and  seconds,  to  be  applied  to  the  declination  taken  from  Table  IV :  to  know 

aether  this  correction  be  additive  or  subtractive,  you  must  look  at  the  top 
the  oolumn  where  you  found  the  day  of  the  moilth,'and  you  will  see  it 
noted  Whether  to  add  or  subtract,  accordi^.arfiie  longitude  is  cast  or  west. 
This  correction  being  applied,  you  will  have*  the  declination  at  noon  at  the 
giten  place. 

EXAMPLE  L 
Required  the  declination  of  the  sun  at  the  end  of  the  sea-day,  October  10, 
18a4»  m  the  longitude  of  114^  E.  from  Greenwich? 
Sim^s  declination  Oct.  10,  at  Greenwich,  at  the  end  of  the  sea-day 

or  beginning  of  the  day  in  the  N.  A.  by  Tab.  IV .  6^  44'  S. 

Variation  of  Dec.  Tab.  V.  Oct.  10,  in  lll^  E.  long.  ^ub.    .'.  i\  0      7 

True  dec.  noon,  Oct.  10.  in  long.  114^  E.     ..........  ^  .  6    97  S- 

EXAMPLE  II. 
Required  the  sun's  declination  at  noon  ending  the  sea-day  of  March  12, 
18S4,  in  the  longitude  of  75°  W.  from  Greenwich? 

Sun's  declination  March  12,  by  Tab.  IVi' S^  13'  S. 

Var.  Tab.  V.  March  12,  long.  75^  W.        sub 6 

—  ■'<■■■   ■ 
True  declination,  noon,  March  12,  long.  75°  W.    ^  ...  ^  ....  S      8    S. 

The  preceding  correction  ought  always  to  be  applied  to  the '^dination  used  in 
workiag  a  meridian  obaerration  to  determine  the  latitude,  though  mMq^KQatiocrs  aite  in 
the  hi^it  of  neglecting  it. 

•  Ib  finding  the  dmOittatlon,  or  any  dther  quanatj,  in  the  KAuticftl  Alninnac,  ytm  mtut  be  careful  to 
note  the  dlfln^rence  between  tbe  rivi),  nautical,  and  aslronomical  account  of  time.  Tlie  civil  day  begins 
at  midnight,  and  ends  tbe  foUowins  midnight,  the  interval  being  divided  into  24  bounc,  and  \a  reckoned 


in  numeral  niocewion  from  1  to  12,  then  beeinniog  aeain  at  1  and  ending  at  12.  The  nauiical  or  wa 
day  begins  at  noon,  12  hours  before  tbe  civil  dav,  and  ends  the  following  uoon ;  tbe  first  12  hours  are 
marked  P.  St.  the  latter  A.  M.  The  astronomical  day  begins  at  noon,  12  hours  after  the  civil  day,  and 
24  hours  after  the  sv«i-day,  and  is  divided  into 24  hours,  numbered  In  numeral  »ucce!«ion  trom  1  to  24, 
be^nniug  at  noon,  and  ending  tbe  following  noon.  All  the  calculations  of  tbe  Nautical  Abnanae  are 
adapted  to  astronomical  time ;  the  declination  marked  in  tbe  Nautical  Almanac,  or  in  Table  IV.  is 
adapted  to  the  beginning  of  the  astronomical  day«  or  to  the  eml  of  the  sea-dny,  it  being  at  ilie  end  of 
the  jca-day  when  mariners  want  the  declination  to  determine  their  latitude.  It  would  be  much  better  if 
-1  wonld  mdopt  the  artit>n<imical  Aiy,  and  wholly  rt»T»lect  the  old  method  of  coantlng  riy  tbe  «ea^<ti'  v. 


/fe^K. 


r-':-M^HK])   TTf  KDM.  M.  BI.'.T^IT.  :8ii6. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQlC 


TO  FIND  TllE  SUTS'S  DECLlJNATIOiN.  Hi 

7^  fnd  the  5im'«  declination  at  any  time  under  any  meridian* 
Rule.  Reduce  the  siin^s  deeliDation  at  noon  at  Greenwich  to  noon  under 
the  ^ven  meridian,  by  the  preceding  rule.  Then  enter  Table  V.  with  the 
tkne  from  noon  at  the  top,  and  the  day  of  the  month  in  the  side  column; 
under  the  former,  and  opposite  the  latter,  will  be  the  correction  to  be  ap- 
plied to  that  reduced  declination.  To  know  whether  this  correction  be  addi- 
tive or  subtractiye,  you  must  look  at  the  tc»p  of  the  column  where  you  found 
the  day  of  the  month,  and  you  will  find  it  noted  whether  to  add  or  subtract^ 
licconung  as  the  time  is  before  or  after  noon. 

EXAMPLE  in. 
Required  the  sun's  declination  October  10,  1824,  sea  account,  at  8h.  21' 
in  the  forenoon,  in  the  longitude  of  114^  £.  from  Greenwich  ? 
Sun's  declination  Oct.  10,  at  Greenwich  at  noon,  by  Tab.  IV,    ,  .  6^  44'  S. 
Variation  for  114^  E.  long sub.     .  .  7 

Declination  at  noon,  October  10,  in  long.  114^  £ 6    87  S* 

Variation  of  dec.  for  Sh.  39'  from  noon*  Oct.  16,    ...    sub.     .  .         5 

True  dec.  Oct.  10,  sea  ace.  in  long.  97^  E.  at  8h.  U'  A.  M.    ...  6    34  8. 

EXAMPLE  IV. 

Required  the  sun's  declination  May  10,  1824,  sea  account,  at  &h.  30'  P.  M* 
in  the  longitude  of  17^  30'  E.  from  Greenwich  ? 

Variation  of  declination.  May  10,  in  long.  17^  30' E.    .  .  sub.    .  .         48" 
Variation  of  declination  for  &h.  30'  P.  M.  additive     3'  44 

DilT.  is  additive  because  the  greatest  number  is  so      .....••        2  56 
May  10,  sea  account,  is  May  9,  by  N.  A.  at  which  time  sun's 

declination 17^  t5  10 

True  declination  May  10,  5h.  30'  P.  M.  sea  account  in  long. 

17OS0'E 17    28     6N. 

EXAMPLE  V. 
Required  the  sun's  declination  March  26,  1824,  sea  account,  at  3h.  P.  M* 
ill  the  lonptude  of  120°  E.  from  Greenwich  ? 

Variation  of  declination,  March  26,  in  long.  120^  E.  .  .  sub.     .  .     T  50" 
Variation  for  3h.  P.  M add  2  {r6       ' 

Diff.  is  subtractive  because  the  greatest  number  is  so 0      4  54 

March  28,  sea  ace.  is  Mar.  25,  by  N.  A.  at  which  time  sun's  dec.  1    54  41  N. 

True  declination  March  26,  Sh.  P.  M.  sea  account 1    49  47  N. 


VARIATION  OF  THE  COMPASS. 

IT  was  many  years  after  the  discovery  of  tlie  compass,  before  it  was  sus- 
pected that  the  magnetic  needle  did  not  point  accurately  to  the  nort}} 
pole  of  the  world ;  but  about  the  middle  of  the  sixteenth  century,  observa- 
tims  were  made  in  England  and  France,  which  fullyproved  that  the  needle 
pointed  to  the  eastward  of  the  true  north.  This  difierence  is  called  the  t:a- 
riatwn  of  the  compan^  and  is  named  ea^t  when  tlie  north  point  of  tbe  com- 
pass (or  magnetic  north)  is  to  the  eastward  of  the  true  north ;  but  vtcst  when 
the  north  point  of  fhc  compass  is  to  the  westward  of  the  true  north.  The 
quantity  of  the  variation  may  be  found  by  observing  with  a  compass  the 
bearing  of  any  celestial  object  when  in  the  horizon  (or,  as  it  is  called,  the 
magnetic  amplitude)  the  difference  between  this  and  the  true  amplitude  found 
by  calculation,  will  be  the  variation.    The  same  may  be  obtained  by  obsen- 
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ing  the  magnetic  azimuth  of  any  celestial  object  (that  is,  its  bearing  by  a 
compass  when  elevated  above  the  horizon ;)  the  4Merence  between  this  and 
the  true  azimuth  found  by  calculation  will  be  the  variation. 

Some  years  after  the  discovery  of  the  variation,  it  was  found  that  it  did 
not  remain  constant :  for  the  easterly  variation  observed  in  England  gradually 
decreased  till  the  needle  pointed  to  the  true  north,  and  then  increased  to  the 
westward,  and  is  now  above  two  points. 

As  all  the  courses  steered  by  a  compass  must  be  corrected  for  the  varia- 
tion to  obtain  the  true  courses,  it  is  of  great  importance  to  the  navigator  to 
know  how  to  find  the  variation  at  any  time ;  to  do  this  it  is  necessary  to  find 
the  magnetic  amplitude  or  azimuth  of  a  celestial  object,  which  may  be  done 
as  follows : 

To  observe  an  amplitude  by  an  azimuth  compass/"^ 

When  the  centre  of  the  sun  is  about  one  of  his  diametersf  above  the  hori- 
55on,  turn  the  compass  round  in  the  box,  until  the  centre  of  the  sun  is  seen 
through  the  narrow  slit  which  is  in  one  of  the  sight  vanes,  exactly  on  the 
thread  which  bisects  the  slit  in  the  other  ;%  at  that  instant  push  the  stop 
which  Is  in  the  side  of  the  box  against  the  edge  of  the  card,  and  the  degree 
and  parts  of  a  degree  which  stand  against  the  middle  line  on  the  top  will  be 
.  the  magnetic  amplitude  of  the  sun  at  that  time,  which  is  generally  reckoned 
from  the  east  or  west  point  of  the  compass. 

To  observe  an  azimuth  by  an  azimuth  compass. 

Turn  the  compass  round  in  the  box  until  the  centre  of  the  sun  is  sct^n 
through  the  narrow  slit  which  is  in  one  of  the  sight  vanes,  exactly  on  the 
thread  which  bisects  the  slit  on  the  other,  or  until  the  shadow  of  the  thread 
falls  directly  along  the  line  of  the  horizontal  bar,t  the  card  is  then  to  be 
stopj^ed,  and  the  degree  and  parts  of  a  degree  which  stand  against  the  mid- 
dle line  of  the  stop,  will  be  tne  magnetic  azimuth  of  the  sun  at  that  time, 
which  is  generally  reckoned  from  the  north  in  north  latitude,  and  from  the 
south  in  south  latitude.§  At  the  time  of  making  this  observation,  you  must 
aiso  observe  the  altitude  of  the  sun,  in  order  to  obtain  the  true  azimuth. 

What  is  here  said  of  the  sun,  is  alike  applicable  to  the  moon,  planets,  and 
« stars* 

TO  FIND  THE  TRUE  AMPLITUDE. 
:  RULE. 

Br  LOGARITHMS. — To  the  log-secant  of  the  latitude  (rejecting  10  in  tlu  tn- 
der)  add  the  log.  sine  of  the  sun's  declination  ;\\  the  sum  will  be  the  log.  sine  of 
the  true  amplitude  or  distance  of  the  sun  from  the  east  or  west  point,  towards 
the  turrth  in  north  declination,  but  towards  the  south  in  south  declination. 

Bt  inspection. — Find  the  declination  at  the  top  of  Table  VII.  and  the  la~ 
titude  in  the  side  column ;  under  the  fopner,  and  opposite  the  latter,  will  be  the 
^rue  amplitude.    When  great  accuracy  is  required,  you  may  proportion  for 
.  the  minutes  of  latitude  and  declination. 

•  The  figure  of  an  azimuth  conipnss,  furnisbed  with  sight  vanes,  Is  given  in  riate  VL  fig. 5.  The  oanl 
of  (Ms  oninpass  is  similar  to  ihat  of  a  common  commss.  y 

^      t  The  observation  i»  to  be  toJiea  at  that  aiiitude  on  account  of  the  dip,  refraction  and  mraUas, 
the  correction  of  altitude  de^nding  on  these  cause«  lieing  in  general  nearly  e{|ual  to  ilie  sun's  diameter. 

X  If  the  instrament  is  fufnifsbed  with  a  magnifying  glnw  fixed  to  one  of  ilie  van»»8,  von  may  (instead  of 
prueeeding  as  above)  turn  ihe  comi)ftS«-box  until  the  vane  h  directed  towards  the  *sun,  and  when  the 
bright  speck  (or  rays  of  the  sun  a)llected  by  the  maguitying  glass)  talis  upon  the  slit  of  the  other  vaoe, 
or  upon  tlie  line  in  the  horizontal  bar,  the  card  is  to  be  stop peti,  and  the  divisions  read  uflT  os  above. 

§  If  the  compass  vibrate  conslrierably  at  the  time  of  making  the  olwervatlons,  it  would  be  condurive 
to  accuracy  to  take  several  azimuths  and  altitudes,  and  to  rake  the  mean  of  all  the  azimuths  and  all  tl^ 
altitudes,  and  work  the  observation  with  the  mean  azimuth  and  altitude.  The  same  is  to  be  oUscr%cil  in 
takin?  an  amplitude. 

II  The  declination  of  the  aun  at  noon  Is  given  In  the  Nautical  Almanac,  and  In  Tabic  IV.  and  must  b« 
cor.cep|)?d  for  the  longifide  of  the  ship  and  tlie  hour  of  the  dwy,  l)j  m«ans  of  Table  V.       ^  r\r^ri]r> 
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EXAMPLE  I. 

Required  the  sun's  true  amplitude  at  risiiis;,  in  the  latitude  of  39'^  0'  Jf .  on 
the  sad  of  December,  1 820  ? 

BY  LOGARITHMS.  i  BY  INSPECTION. 

Latitude* 39^    0'  log.  sec.    0.109501    Under  the  declination  23^  2S'  aad  oppo- 

Sun*s  dttclin. ..  .23    28  log.  sine    9.60012 jsite  Che  latitude  39'^  stands  the  true  aiupli- 

itudc  30-  4% 

TnicftmpU:  ....'30    49  log.  sine    9.70%£: 

Hence  the  tnie  bearing  or  amplitude  of  the  siui  at  rising  is  K.  30^  'in'  S. 
and  at  setting  it  is  W.  30^  49'  S. 

EXAiMPLE  rr. 

Required  tlie  moon's  true  amplitude  at  setting,  in  tlu*  latitude  of  rJO'"  C  X. 
when  her  declination  is  13^  N.  ?  ' 


BY  LOGARITHMS. 

Latitude   35^    8'   log.  sec.    0.0S734 

Moon's  declia.  13      0    log.  sine    9.35209 


Trucampli.  .-^15    5S     log.  sine    9.43943 


BY  INSPECTION. 
Under  the  declination  1 3^,  and  opposite 
the  latitude  35'^  stands  15^  66',  which  is 
nearly  the  true  amplitude ;  the  exact  value 
may  be  found  by  finding  the  amtdttudc  for 
36*^  latitude,  and  proportioning  the  differ- 
ence  for  the  miles  in  the  latitude. 

Hence  the  true  amplitude  at  setting  is  W.  15^  D8'  North,  and  at  rising  E. 
iy^58'N. 

EXAMPLE  in. 

Required  the  sun's  true  amplitude  in  the  latitude  of  4*2^  50'  N.  when  his 
declination  was  W^  N.  ? 


BY  LOGARITHMS. 

IZatitude 42^  30'  log.  sec.     0.13237 

Sun's  dcclin 20    N.  log.  sine    9.53405 


Trucampli 27    38  log.  sine    9.66642 


.  BY  INSPECTION. 
Under  the  declination  20^  and  opposite 
the  latitudes  42^^  and  43*^,  stand  27^  24' 
and  27^  53' ;  the  mean  of  these  gives  the 
true  amplitude  for  the  latitude  of  42^  30' •> 
=27^  38', 


Hence  the  amplitude  at  setting  is  W.  27<^  38'  N.  and  at  rising  E.  27^  38' 
J\^>rth. 


To  Jitid  tht  true  azimuth  at  any  time. 


At  the  time  of  observing  the  magnetic  azimuth,  you  must  also  observe  the 
altitude  of  the  object;  this  altitude  must  be  corrected  as  usual  for  tlie  dip, 
parallax,  refraction,*  Stc.  in  order  to  obtain  the  true  altitude;  you  muj^t 
also  find  the  declination  of  the  object, f  and  the  latitude  of  the  place  of  obser- 
vation, and  then  the  true  azimuth  may  be  calculated  by  the  following 

Rule.  Add  together  the  polar  distance,t  the  latitude,  and  the  true  alti- 
tude, take  the  difference  between  the  half  sum  and  the  polar  distance,  and 
note  the  remainder.  Then  add  together  the  log.  secant  of  the  latitude,  the 
log.  secant  of  the  altitude  (rejecting  10  in  each  index)  the  log.  co-sine  of  the 
lialf  sum,  and  the  log.  co-sine  of  the  remainder;  haif  tJie  sum  of  these  fohr 
logarithms  will  be  the  log.  co-sine  of  half  the  true  azimuth,  which  being  dou^ 
bled  will  give  the  true  azimuth,  reckoned  from  the  north  in  north  latitude, 
but  from  the  south  in  south  latitude. 


•  In  obstfrmrions  of  the  altitude  af  llie  sun's  lower  limb  (liy  a  fore-ol»sfj'vat}on)  it  is  itsiinl  to  add  12' 
for  the  efleci  of  A\\\  pHi'iiilax,  and  scini-dininetcr.  The  refnicuon  is  to  be  sulitrjctcd  rrmii  die  sum,  and 
f  lie  remainder  will  be  the  trde  altitude  nearly. 

t  The  de^Aoation  is  to  lie  found  according 'to  lS»e  directions  in  ili-^  note,  in  ll.^  Iii*l  pnire. 

J  Tlie  p«)lur  dinlance  of  the  sun,  moon,  or  star.  Is  the  dislance  li-oni  the  eh-vawul  pole,  and  is  fonnd  by 
suiftractini;  the  declination  nf  the  oliject  ft-om  SO**,  when  tlie  tattiudu  and  declination  uic  of  the  Mine 
name,  but  by  adding*  to  y  "  .wlicn  of  different  names. 

1^  uiyiLizeu  uy  ■%_■  v_/ v^ pt  ix^ 


114  Variation  of  the  compass. 

EXAMPLE  I. 

In  latitude  51°  32'  N.  the  sun's  true  altitude  was  found  to  be  S9<^  28',  h'l* 
declination  being  then  IB^  38'  N.— required  the  true  azimuth  ? 

Polar  distance 73^  22' 

I.atitiidc 51    32     secant 8.20617 

Altitude 39    28     secant.;...... 0.11239 


Sum ,  164    23 


Htlfsum ;...  82    11     co-sine 9.1335^ 

Polar  disiance 73    22 


ncmainder i 8    49     co-sinfe 9.99484 

2)19.44695 


Half  sum  log-^co-sihe       53^    4'  9:7,2347 

2 


Thie  Azimutli 116      8     from  the  nortb. 

The  logarithm  9.72347  of  this  example  is  also  the  co-sine  of  121^  06% 
■ivhich  doubled  gives  another  azimuth  243°  52',  the  former  being  lie^  8'. 
One  of  these  corresponds  to  an  observation  in  the  forenoon,  the  other  to  air 
afternoon  observation. 

EXAMPLE  II. 
In  latitude  42^  16'  S..  the  sun's  true  altitude  was  found  to  be  18©  40',  h\4 
declination  being  then  7®  38'  N.-^required  the  true  azimuth? 
Polar  distance....;..*.  97^  38^ 

Latitude.... 42    16     seeant ; 0.13076 

Aiatude..^.; 18    40      secant...;.. .« 0.02347 


Sumi...:^;.^ 158    34 


Waif  sum 79    17      c6-8Uic.i.4 i.3.26940 

Polar dUtance  ........  97    38 


Remainder i..l8    21      co-sin« 9.97734 


sum.. ..i.;4i.. ..;... 19.40097 


Hilf  sum  log",  co-sine  ..59    55  9.70048 


True  Azimutli 119    46    from  the  south; 

QUESTIONS  TO  EXERCISE  THE  LEARNEIL 
Q,utsti^  I.     Given  tHe  sun's  altitude  corrected  for  dip,  refraction,  &c.  20^^  46^,  his  uc' 
cUnation  17^  lO'  S.  and  the  latitude  of  the  place  40"  38'  N.  Rcqu^d  the  true  azimutli : 
Jhnswer,     137°  SO'  from  the  north. 

QvesHon  II.    What  is  the  sun's  azimuth  in  the  latitude  of  26°  30^  N.  in  the  forenoon, 
when  his  correct  central  altitude  is  24^  28^  aud  his  dedination  22°.  40'  N.  ? 
^jMwer.  75°  44^  from  the  north. 

<tye|eioit  HI.    At  the  Island  of  St  Helena  the  sun's  true  central  altitude  was  fonnd  to  be 
IP  #  in  the  forenoon,  his  declination  being  then  22^  58'  S.  Required  theaadmuth  at  that 

Jtuwer.    72°  21'  from  the  south. 

t^iUMtion  IV.    \Miat  point  of  the  compass  did  the  star  Aldebarah  bear  on,  in  the  lati> 
tude  of  34°  23'  S.  on  January  1,  1804,  when  the  correct  altitude  of  that  star  was  28^  26'  / 
•^utoer.    130°  16'  from  the  south. 

Having  the  true  magnetic  amplitude  or  azimuth^  U»  find  the  variation. 

Hairing  found  the  true  and  magnetic  amplitude  or  azimuth,  the  variation 

nUay  be  easily  deduced  therefrom  by  the  following  rule,  in  which  ihe  axn- 

I^Utude  is  reckoned  from  the  east  or  west  point  of  the  horizon,  and  is  called 

north  when  to  the  northward  of  those  points,  but  south  when  to  the  soifth- 
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^'acd.  The  azimuth  is  reckoned  from  the  north  in  north  latitudes,  but  from 
the  south  in  south  latitudes,  and  is  named  east  when  fs^lUng  on  the  east  side 
of  the  meridian,  otherwise  west.  If  the  observed  and  true  ctmplitudes  be  both 
north  OT  both  south,  their  difference  will  be  the  variation;  but  \f  one  be  twrth 
and  the  other  aouth,  their  sum  will  be  the  variation.  If  the  true  and  (Served 
azimudis  be  both  east  or  both  west,  their  difference  will  be  the  variation,  other* 
tcise  their  sum ;  tmd  the  variation  will  be  easterly  when  the  point  representing 
the  tr%ic  bearing  is  to  the  right  hand  of  the  point  representing  the  ntagnetic  bear- 
tttg*,  but  westeny  tshen  to  the  left  hand ;  the  observer  being  supposed  to  look  di- 
rectly towards  the  point  representing  the  magnetic  bearing. 

example;  I. 

Suppose  the  sun*s  magnetic  amplitude  at  rising  is  E.  26^  It'  If.  an^  thu 
true  amplitude  £.  14^  2(y  N.    Required  the  iwation? 
From  the  greater    E.  26°  13'  N. 
Take  the  lener       E,  14    20  N^. 
Remains  Tariation.       ii     58  £. 
The  variation  in  this  example  is  easterly,  because  the  true  amplitude  falls 
fo  the  right  of  the  magnetic, 


EXAMPLE  III. 

The  sun's  true  azimuth  being  N. 
80^  E.  and  his  magnetic  azimuth  N. 
60^  £.  it  is  required  to  find  the  varia 
tion? 

True  azimuth N.  80^  E. 

Magnetic  azimuth N.  60  E. 

DiC  ifl  the Tariation y>.^  E^ 

EXAMPLE  V. 

The  true  amplitude  of  the«plan^t 
Jupiter  was  E.  10^  N*  when  his  ma;^ 
netic  amplitude  was  E.  %<P  S-— Re- 
quired the  v^iatjpn  ? 

True  amplitude E.  10°  N. 

Magnetic  amplitude £.  SO  S. 

Sum ia  variation «...30  W« 


EXAMPLE  II. 

The  moon's  true  amplitude  at  rising 
was  found  to  be  E.  15°  20'  N.  and  her 
4Xiagnetic  amplitude  E.  10^0'  S.  Re- 
quired the  Yariation  ? 

Tnic  amplitude E.  15°  ?0'  N. 

Magnet  amplitude  ....£•  10      OS. 

The  sum  is  the  variation  ...25    20  W. 

EXAMPLE  IV. 

The  star  Aldebaran  was  obsen-ed  at 
rising  to  bear  by  compass  E.  N.  E 
when  the  true  amplitude  was  N.  £.  by 
E. — ^Required  the  variation  ? 

True  amp.  J^^Ubbj  B.  or  E.  33^  45^  N. 

Mag.  amp.  E.  N.  E.  or  E.      22    30  N. 

DilTerence  is  the  variation  - .  11     15  W. 

To  calculate  th£  variation  by  <^aerving  the  sun's  azimuth  when  at  equal  aUitudis 
in  the  forenoon  and  afternoon. 

The  variation  of  the  compass  may  also  be  determined  by  observing  the 
magnetic  azimuths  of  the  sun  in  the  morning  and  evening  when  at  the  same 
altitude,  the  observer  being  supposed  to  be  at  the  same  place  at  both  observa- 
fions ;  for  it  is  evident  that  if  the  declination  of  the  sun  did  not  vary  during 
the  time  elapsed  between  the  observations,  the  middle  point  of  the  compa»s 
between  the  two  bearings  would  be  the  bearing  of  the  true  north  or  south 
point  of  the  horizon,  at  the  place  of  observation,  and  the  difTerence  between 
that  bearing  and  the  north  or  south  point  of  the  compass  would  be  the  variation. 

In  this  kind  of  observations  it  will  be  convenient  always  to  estimate  the 
magnetic  azimuths  from  the  south  point  of  the  compass,  catling  them  eaBi 
or  west,  as  before  directed,  and  this  method  is  supposed  to  be  made  use  of 
in  the  following  rule.  Then,  if  one  azimuth  be  east  and  the  other  west,  hair 
their  difference  will  be  the  variation,  otherwise  their  half  sum,  and  the  vaca- 
tion will  be  of  the  same  name  as  their  greater  azimutii,  excepting,  however^ 
where  the  half  sum  is  taken  and  exceeds  90^,  in  which  case  its  supplement 
will  be  the  variation  of  a  different  name  from  the  azimuth.  The  variation 
being  always  supposed  less  than  90^. 

If  the  declination  of  the  sun  yaries  during  the  elapsed  time  between  tlie 
otweryations,  (as  is  generally  the  case)  an  allowance  may  he  made  for  that 
Variation  by  applying  a  correction  to  the  afternoon  azimuth,  caleukted  by 
the  following  rule."* 

'"  ;■        ■  •■   "  '  I    '!< 

*  The  n^ gkenio Doctor  llMki^^d  " CbaiaeU Narigatoc"  Is tAacfwrattL 
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JluLK.  Find  from  Table  IV.  the  daily  variation  of  the  sun's  declinalToi? 
on  the  day  of  observation.  Then  to  the  constant  logarithm  9.1249  add  the  log, 
ro'Sine  of  the  latitude  of  the  places  the  log.  sine  correspojiding  to  the  elapsed 
tune  between  the  observations  found  in  the  column  P,  M.  the  Prop.  Log.  of 
the  daily  variation  of  the  Klin's  declination^  and  the  Prop,  Log,  of  the  elapsed 
time*,  estimating  hours  and  mwutes  as  minutes  and  seconds,  the  sum,  rejecting 
'  .SO  in  the  index,  ivill  be  the  Prop.  Log.  of  the  correction  to  he  applied  to  the 
itesiem  azimuth,  hu  subtracting  tchen  the  sun  is  approaching  totpords  the  north-^ 
em  hemisphere,  otherwise  by  adding,  f  The  azimuth  thus  corrected  is  to  be 
u*ed  in  estimating  the  variation  instead  of  the  observed  azimuth. 

It  is  not  necessary  in  this  calculation  to  find  the  latitude  or.  declination  to 
any  great  degree  of  accuracy,  ^vhicb  is  the  greatest  advantage  of  the  me- 
thod; another  of  the  advantages  consists  in  being  able  to  take  a  great  num- 
ber of  observations,  and  applying  the  correction  at  one  operation  to  the  va- 
riation deduced  from  the  mean  of  all  the  observations,  so  that,  when  great 
a(^;uracy  is  required,  as  in  taking  observations  ashore,  this  method  may  be 
used  with  success ;  and  it  is  evident  that  it  is  alike  applicable  to  the  moon 
or  any  heavenly  body,  but  the  observations  must  be  taken  in  the  same  place, 
as  it  would  increase  the  calculation  considerably,  to  make  an  allowance  tor 
the  change  of  place,  as  well  for  the  change  of  declination ;  and  it  would  be 
better  in  this  case  to  calculate  each  observation  separately  by  the  rules  l»c- 
f«*rc  given. 

EXAMPLE. 

Suppose  that  on  the  10th  of  April,  18S0,  in  the  latitude  of  42°  29/ N.  lonp. 
:>00  W.  the  pun's  morning  azimuth  was  observed  to  be  S.  54°  24'  E.  and  in 
the  evening,  when  the  sun  was  at  the  same  altitude,  was  S»  39^46'W.  the 
elapsed  time  between  the  observations  being  6h.  20m.— Required  the  varia^ 
♦ion?  • 

Constant  logarithm 9.1249 

Latitude  42^  29'  co-siiic 9.867T 

Klapscd  time  6h.  20in.     Sine .9.^76 

Daily  variation  of  declination  22'  P.  I. 91 28 

Elapsed  time  6h.  20m.  taken  as  6'  20^'  P.  L 1.4636 

Corr.  v«-estci:n  azimuth  11'  nearly  P.  L 1,2266 

Western  azimuth  S.  39  46  \V. 

Corrected  azimuth  S.  39  35  \\\ 
Morning  azimuth  S.    54  21  £. 

Difference  14  49        Tho  half  of  which  7°  24'  is  the  vftriaUon, 

v^hich  is  easterly,  because  the  greater  azimuth  S.  54^'  24'  £.  is  easterly. 

The  variation,  thus  found,  is  to  be  allowed  on  all  courses  steered  by  the 
compass  to  obtain  the  true  courses.  To  make  this  allowance,  you  must 
look  towards  the  point  of  the  compass  tlie  ship  Is  sailing  upon,  and  allow  the 
variation  from  it  towards  the  right  hand,  if  the  variation  oe  east,  but  to  the, 
If  ft  lumd,  if  the  variation  be  tvest.  Thus,  if  a  ship  steer  S.  E.  with  one  point 
westerly  variation,  the  true  course  will  be  S.  £.  by  E.  If  the  variation  is 
one  point  easterly,  the  course  will  be  S.  E.  by  S. 

In  the  following  Table  are  collected  a  few  observations  ot  the  variation, 
niade  at  different  times,  and  in  different  places. 

*  The  efatpsed  Ume  m&y  be  determined  by  any  common  watch,  but  if  none  was  used  In  the  obterv»> 
Hmif ,  it  OMV  be  detvrmined  as  Tollow*.  If  one  of  the  obarrved  atlimubt  was  cast  and  the  other  west, 
take  half  their  sum,  otherwise  half  Uieir  difl>rence,  and  to  Uie  log.  sine  of  this  half  sum  (or  half  dUfef^ 
ence)  add  the  log.  secant  of  the  sun's  decUoation,  and  tlie  log.  oo-sine  of  the  sun's  correct  altitude  at  the 
lime  of  taking  Hie  acimuth.  the  sum  (rciectinir  20  in  the  iudex)  will  be  the  log.  sine  to  tie  used  in  the 
alMve  calculation,  and  this  togariibni  wiU  correspond  to  the  etopsed  time^  marked  in  the  columa  P.M. 
6fTal*leXXVn. 

t  In  this  rule  k  U  supi^osed  that  (lie  bearing  of  the  siin,  by  the  afternoon  obscrratioa,  is  to  (he  west- 
vt'ord  of  the  meridian  by  iruinpass ;  but  if  there  be  a  great  Tarlation,thatbearVig  mlghl  be  to  the  <MtiB-ar4 
ni  tlie  meridian  by  the  compass,  and  in  that  case  the  cqjTCction  of  the  western  aziitanth  must  be  apulKd 
hi  A  contrary  n^nner  to  the  above  direcltons. 
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Places  observed  at. 

Latitude. 

Longitude 

from 
Greenwich. 

Y  ear  of . 

Obser- 
vation. 

Variation 
Observed, 

Cambridge,  (Mass.) 

42^  ay  N. 

710 

8'W. 

1708 

90 

0'  W . 

1742 

8 

0  w. 

* 

1757 
1761 
1763 
1782 

7 

20  W. 

14  W. 

0  W. 

46  W. 

Boston. 

42 

23   N. 

71 

4  W. 

1742 

0  W. 

Bcrerly  (town.) 

42 

36  N. 

70 

52  W. 

1781 

2  W. 

Salem. 

42 

33  N. 

70 

52  W. 

1805 

1809 

57  VV. 
20  VV. 

London. 

.51 

31   N. 

0 

5  W. 

1580 

11 

15    E. 

1672 
1780 

22 

30  W. 
41   V\. 

Paris. 

48 

50  N. 

2 

20    E. 

1550  ' 

1660 

1769 

8 

0 

20 

0    E. 
0 
0  VV. 

FnnchalRoad. 

32 

38  N. 

17 

5  W. 

1792 

18 

35  W. 

St.  Croix  Road. 

28 

27  N. 

16 

16  W. 

1792 

17 

35  \.. 

Bonavista. 

16 

6  N. 

22 

6»  W. 

1792 

12 

36  VV, 

St  Jago  (Praya  Bay.) 

14 

52  N. 

23 

30  W. 

1769 
1792 

11 
12 

10  VV. 

v48  VV. 

Isle  of  May. 

15 

4  N. 

22 

46  W. 

1792 

12 

00  VV. 

Ascension. 

7 

56    S. 

14 

21  W. 

1678 
1776 

1 
10 

0    E. 
4S  VV. 

St.  Helena. 

15 

55    S. 

5 

51  W. 

1677 
1776 

0 
13 

40    E. 
15  VV. 

« 

1794 

16 

16  VV. 

Tristan  d'Acunha. 

37 

7    S.' 

11 

38  W. 

1792 

7 

0  VV. 

Cape  of  Good  Hope, 

34 

26    R. 

18 

23    E. 

1776 

21 

0  VV. 

Cape  La^ilas. 

34 

53    S. 

2a 

10    E. 

1600 

0 

0 

1692 
1776 

11 
21 

0  VV. 
40  VV. 

1790 

23 

30  VV. 

Island  St.  Pau). 

37 

56    S. 

77 

28    £. 

1677 
1603 

23 
19 

30  VV. 
30  VV. 

Isle  of  Bourbon. 

20 

52    S. 

55 

31    E. 

1795 

15 

33  VV. 

Java  Head. 

* 

6 

46    S. 

104 

50    E. 

J676 
1786 

3 
0 

10  VV. 
54  VV. 

BataTia. 

6 

10    S. 

106 

51    E. 

1793 

0 

30  VV. 

At  Sea. 

29 

10   N. 

28 

52  W. 

1795 

16 

00  VV. 

At  Si^A. 

27 

00   N. 

23 

43  W. 

1795 

15 

44  VV. 

At  Sea. 

15 

28   N. 

20 

48  W. 

1795 

12 

5  VV. 

At  Sea. 

12 

14  N. 

20 

5  W. 

1795 

11 

39  VV. 

At  Sea. 

9 

47  N. 

20 

15  W. 

1795 

11 

48  VV. 

At  Sea. 

8 

54  N. 

20 

15  W. 

1795 

10 

60  VV. 

At  Sea. 

5 

46  N. 

20 

54  W. 

1795 

11 

00  VV. 

At  Sea, 

3 

16  N. 

21 

27  W. 

1795 

10 

47  VV. 

At  Sea.       • 

0 

U 

24 

20  VV. 

1795 

8 

43  VV. 

At  Sea. 

2 

33    S. 

24 

54  W. 

1795 

7 

5  VV. 

At  Sea. 

5 

48    S. 

26 

54  W. 

1795 

5 

24  VV. 

At  Sea. 

7 

59    S. 

27 

54  W. 

1795 

4 

14  VV. 

'   At  Sea. 

9 

27    S. 

27 

55  W. 

1795 

3 

33  VV. 

At  Sea. 

13 

19    S. 

26 

58  W. 

1795 

3 

54  VV. 

At  Sea. 

19 

47    S. 

25 

56  W. 

1795 

2 

50  VV. 

At  Sea,  near  Trinidad. 

20 

28    S. 

28 

44  VV. 

1796 

2 

35  VV. 

At  Sea. 

21 

32    S. 

25 

27  W. 

1795 

2 

25  VV. 

At  Sea. 

23 

43    S. 

23 

45  W. 

1795 

2 

•  31  VV. 

At  Sea. 

26 

u  s. 

18 

45  W. 

1795 

5 

28  VV. 

At  Sea. 

35 

5    S. 

6 

0  w. 

1795 

11 

10  VV. 

At  Sea. 

36 

38    S. 

0 

15    E. 

1795 

13 

40  VV. 

At  Sea. 

36 

12    S. 

4 

16    E. 

1795 

15 

19  VV. 

At  Sea. 

37 

20    S. 

7 

25    E. 

1795 

16 

57  VV. 

At  Sea. 

36 

45    S. 

19 

27    E. 

1793 

24 

33  \V. 

At  Sea. 

21 

54    S. 

53 

41    E. 

1795 

13 

59  VV. 

At  Sea. 

0 

0 

32 

35  W. 

1795 

3 

0  v\ 

m^mSSf 

— ^ 

■"•^^^ 

liS  VARIATION  OF  THE  COMPAS;3. 

By  tile  preceding  table  it  appears  that  the  Tariation  at  Cambridge^  in  tlfe 
.  state  of  Massachusetts,  is  decreasini^  at  the  rate  of  about  1|  minutes  per 
year,  and  by  late  observations  at  Salem,  the  needle  there  appears  to  be  still 
approaching  towards  the  true  meridian.  At  London  and  Paris  the  rariation 
formerly  increased  10  or  11  minutes  per  year,  but  by  some  late  observations 
made  in  London,  it  a)ipears  to  be  nearly  stationary.  Off  the  Cape  of  Good 
Hope  the  annual  increase  is  about  7  minutes. 

Besides  this  annual  change  of  the  variation,  there  is  also  a  small  xUumal 
change,  which  at  London,  Paris  and  Cambridge  (Mass.)  is  from  lO'  to  15'. 
By  this  quantity  the  absolute  variation  at  those  places  increases  fi'om  about 
8  A.  M.  to  £  p.  M.  when  the  needle  becomes  stationary  for  some  time ;  af- 
ter that,  the  variation  decreases,  and  the  needle  comes  back  again  to  its  for* 
mer  situation,  or  nearly  so,  in  the  night  or  by  the  next  morning. 

In  addition  to  the  observations  contained  in  the  preceding  table,  it  may 
be  observed*  that  the  variation  which  (at  present)  is  less  than  i  point  W. 
near  Cape  Cod,  decreases  in  going  to  the  westward  along  the  coast  of  th« 
United  States  of  America,. so  that  near  Cape  Hatteras  it  is  scarcely  seast- 
Jile,  and  farther  to  the  westward  becomes  easterly.  In  the  leeward  West 
^(ndia  islands  it  is  about  ^  point  E.  and  in  the  windward  islands  i  point  E. 
Along  the  northern  shore  of  the  Brazils  there  is  a  small  easterly  variation 
which  decreases  in  proceeding  to  the  eastvi'ard  towards  Cape  Roque,  where 
it  is  scarcely  sensible ;  in  proceeding  farther  to  the  southward  along  the 
coast  of  America,  the  easterly  variation  increases  so  as  to  be  above  S  points 
E*.  near  Cape  Horn,  and  from  thence  gradually  decreases  along  the  coast  of 
Chili  and  Peru,  so  as  to  be  about  i  pomt  E.  under  the  equator  near  Quito ; 
but  in  procee<^ng  to  the  northward  toward  the  N.  W.  coast  of  America,  tlm 
easterly  variation  increases  to  more  than  S  points. 

On  the  contrary  in  proceeding  to  the  eastward  of  the  United  States  of 
America,  the  westerly  variation  increases,  being  nearly  1  point  W.  a  little 
to  the  eastward  of  Cape  Sable  (Nova  Scotia)  and  about  2  points  W.  on  the 
E.  part  of  Newfoundland,  and  at  the  Western  Islands.  At  the  Orkney 
islands  it  is  2i  points  westerly  and  is  nearly  the  savje  in  the  English  Chan- 
nel, and  on  the  coasts  of  England,  Scotland  and  Ireland.  On  the  coast  of 
Holland,  it  is  from  2  to  2|  pomts  W.  tn  the  Cattegat  and  Sound  about 
1}  points  W..  In  the  Western  part  of  the  Baltic  about  1^  points.  At 
the  entrance  of  the  Gulf  of  Finland  1  point  W.  In  the  Bay  of  Biscay 
about  S|  points  W.  Near  Cape  St  Vincents  9,  points  W.  In  the  Medii* 
terranean  from  H  to  1}  points  W.  Near  Cape  Verd  (Africa)  H  points 
W.  and  from  thence  gradually  increases  along  the  western  shore  of  Africa 
towu^s  the  Cape  of  Good  Hope,  and  is  there  above  2  points  W.  and  frooi 
thence  increases  towards  Cape  Lagullas  and  a  little  to  the  eastward  to  Si 
points  or  2}  points  W.  and  then  decreases  in  proceeding  along  the  eastern 
shore  of  Africa,  and  is  about  1  point  westerly  at  the  entrance  of  the  Red  Sea. 
In  the  Arabian  Sea,  Bay  of  Bengal,  Java  Sea,  China  Sea,  and  off  the  coast 
of  Sumatra,  it  is  very  small,  and  on  the  S.  E.  pait  of  New  Holland  is  about 
i(  point  E. 

Ships  sailing  for  India  generally  cross  the  equator  beti^'een  tfie  longitudes 
uf  180  and  24^  west.  The  variation  at  the  latter  place  was  about  B^  48'  W. 
in  the  year  1705,  as  I  have  found  by  repeated  observations,  and  the  annual 
increase  is  about  6  minutes.  If,  in  crossing  the  equator,  you  should  find  a 
greater  variation,  you  would  probably  be  to  the  eastward  of  24^  W.  but  If 
less,  to  the  westward  of  2*o  W.  The  alteration  in  the  lonj^tude  is  in  that 
place  about  S  degrees  for  1  degree  of  variation.  But  there  is  always  a  great 
tlncertainty  attending  this  kind  of  observations,  made  with  a  common  com* 
pass,  sin(^  it  is  not  uncommon  to  find  £  or  3  depees  difference  between  an 
azimuth  in  the  morning  and  evening,  when  the  ship  during  that  time  has  been 
nearly  stationary;  the  same  difference  will  sometimes  be  found  merely  from 
making  the  observation  when  the  ship  is  on  a  diffiTent  tack.  This  is  owing 
to  the  iron  in  the  ship  which  attracts  the  compass  by  a  force  which  is  gcne- 
tiiUy  situated  in  a  point  ne>>r  the  centre  of  the  ship.     When  this  point  ^lid 

uiyiuzeu  uy  x-j  v_/ v^ pc  i%^ 
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the  eompasB  are  in  the  ma^etic  meridian  of  the  compass,  the  true  variation  h 
obtained,  but  as  soon  as  the  position  of  tlie  ship  is  changed  so  as  to  bring  this 
point  to  the  eastward  or  westivard  of  the  magnetic  meridian  passing  throuj^ 
the  compass,  a  corresponding  change  or  observation  in  the  variation  to  the  east- 
Ward  or  westward  is  immediately  perceived.  This  deviation  sometimes 
amounted  to  dP  or  9^  in  the  surve>'s  of  New  Holland.  This  has  since  been 
confirmed  by  various  observations  in  different  places,  particularly  in  the  voyages 
towards  the  north  pole  lately  made  by  order  of  the  English  government.  The 
method  which  was  at  Arst  used  to  correct  this  error,  which  is  sometimes  of  con- 
siderable importance  in  nautical  sin*veys,  where  great  accuracy  is  required, 
was  to  plofe  the  eompcm  tUtoays  in  ihi  same  part  of  the  skip,  and  to  find  by  actual 
observation,  the  greatest  devfation  arising  from  this  local  attraction,  which  is 
ivhen  the  ship's  head  is  directed  east  or  west.  The  deviation  when  the  ship^ 
head  is  in  any  other  direction,  is  found  by  entering  Table  I.  or  Tible  II.  in 
the  page  corresponding  to  that  direction  as  a  course,  and  with  that  greatest 
error  in  minutes  in  the  distance  column,  the  corresponding  number  in  the 
departure  column  will  be  the  rctiutred  correction  nearly.  Thus  if  the  devia- 
tion was  2°  8'  or  128'  when  the  ship's  head  was  directed  towards  the  cast,  the 
deviation  when  in  the  direction  of  ow  point  from  the  meridian,  (that  is 
N.  by  E.  N.  by  W.  S.  by  E.  or  S.  by  W.)  would  be  found  by  entering  Ta- 
ble I.  in  the  page  for  one  point,  or  with  the  distance  128',  the  corresponding 
departure  25'  would  be  the  correction  to  be  applied  on  all  bearings  token  by 
the  compass  when  in  that  situation.  Mr.  Barlow  has  Invented  a  method  of 
correcting  this^  error,  making  use  of  a  curious  property  of  the  attractive  force 
of  iron  on  the  compass,  it  having  been  found  that  tms  force  depends  on  the 
attractive  surface^  and  not  wholly  on  the  quantity  of  iron ;  so  that  a  soUd  glohe 
of  iron  90  inches  in  diztmetcr,  would  affect  the  compass  exactly  in  the  same 
manner  as  a  hollow  shell  of  iron  of  the  samie  diameter  made  of  sheet  iron  only 
one  tenth  of  an  inch  in  thickness,  though  this  shell  could  not  contain  but  one 
hundredth  part  the  quantity  of  iron  which  the  globe  does.  Mr.  Bariow  there- 
fore proposed  to  have  a  sheet  of  iron  placed  abaft  the  compass  of  sucli  di- 
mensions, and  at  such  a  distance,  as  should  be  found  by  experiment  to  briog 
the  needle  back  to  the  magnetic  meridian  when  the  ship's  nead  was  east  or 
west,  then  keeping  the  iron  in  that  position  it  could  correct  the  error  of  the 
local  attraction  of  the  ship  in  every  direction  of  the  ship's  head.  This  method 
has  been  tested  by  experiment  and  found  to  succeed  admirably.  K  has 
also  been  attended  with  the  great  advantage  of  leaving  the  compass  free  to 
act  by  the  natural  magnetism  of  the  earth  m  hi^h  latitudes,  where  the  force 
is  much  enfeebled  by  the  obliquity  of  its  direction  on  account  of  the  greatness 
of  the  dif.  In  the  voyiiges  above  named  it  was  found  that  the  compasses 
thus  ftimished  traversed  freely  and  accurately,  when  those  of  the  common 
form  moved  very  irregular,  and  were  in  some  cases  almost  useless. 

On  tht  Dip  of  the  Magnetic  Needle, 

If  the  needle  of  a  compass  be  exactly  balanced  on  its  point  in  a  horizontal 
position,  and  then  the  magnetic  virtue  be  communicated,  the  needle  will 
point  towards  the  north,  and  will  also  be  inclined  to  the  horizon,  the  north 
point  of  the  nq^dle  tending  downwards,  and  the  south  point  upwards  in 
northern  climfetes,  and  the  contrary  in  southern  climates.  This  inclination 
of  the  needle  to  the  horizon  is  called  The  Dip  of  the  Magnetic  Needle,  which 
is  different  in  different  places,  tliough  it  has  been  found  to  remain  nearly  the 
same  in  the  same  place,  since  its  discovery  in  the  year  1576,  in  whicMyear 
at  London  the  dip  was  71^  50',  in  1723  it  was  74"^  or  75^,  and  at  present  is 
about  724°.  Messrs.  Humbolt  and  Biot  published  a  method  by  which  the 
dip  may  be  calculated  for  any  given  place  in  north  latitudes  to  a  considerable 
degree  of  accuracy.  This  method  is  explained  in  the  22d  vol.  of  Tilloch's 
Magazine,  and  is  in  substance  as  follows : 

According  to  their  theory  there  are  two  magnetic  poles,  one  in  the  latitude 
of  79^  I'N.  and  in  the  longitude  of  27^42  \V.*  from  Greenwich,  the  other 
xliametrically  opposite,  in  the  latitude  of  79^  r  S.  and  in  the  longitude  of 

*  Cppt  PiiTry,  in  hb  vfty»g^  y?  ihe  north,  found  ihe  norUM»rn  pi»le  to  Iw  w^r^  in^70*^^^nrf^^W. 
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15^0  18'  E.  The  great  circle  of  the  earth  90^  distant  from  these  poW  U 
called  the  maenetU  eqttator.  On  the  magnetic  equator  the  dip  is  nothins, 
and  at  the  poles  is  90^,  at  any  other  point  on  the  surface  of  the  earth  the  dip 
varies  with  the  distance  from  the  magnetic  pole :  This  distance  may  be  cal- 
culated by  common  spherical  trigonometry*  or,  (which  is  much  more  sim- 
ple and  sufficiently  accurate  for  this  purpose)  by  measuring  the  distance  on  a 
terrestrial  globe  from  the  magnetic  pole  to  the  place  for  which  the  dip  is  to 
he  calculated;  then  to  the  log.  co-t^ngent  of  this  distance  add  the  constant 
logarithifn  0.30103,  the  sum,  will  be  the  log.  tangent  of  the  dip.  The  dip 
was  calculated  on  these  principles  for  twenty-eignt  places  in  Europe,  Asia, 
Africa  and  America,  and  in  ten  places  the  theory  did  not  differ  1^  from  ac- 
tual observations,  and  in  five  places  did  not  differ  2^,  but  at  Spitsbergen  the 
difference  was  between  4^  and  5^.  Considering  the  difficulty  of  observing 
the  dip  with  accuracy,  the  difference  between  the  theory  and  observation 
*may  be  considered  as  nearly  within  the  limits  of  the  errors  of  observation, 
and  this  difference  may  be  rendered  less  by  introducing  a  small  correction 
depending  on  tlie  longitude  of  the  place  of  observation  referred  to  the  mag- 
netic equator. 

The  methods  proposed  for  fmding  the  longitude  by  the  variation  and  by 
the  dip,  will  be  hereafter  explained* 


TO  FIND  THE  LATITUDE  BY  OBSERVATION. 

THE  latitude  of  a  place  being  its  distance  from  the  eouator,  is  measured 
by  an  arch  of  the  meridian  contained  between  the  zenitli  and  the  equator ; 
hence,  if  the  distance  of  any  heavenly  body  from  the  zenith  w^hcn  on  the 
meridian,  and  the  declination  of  the  object  be  given,  the  latitude  may  be 
thence  found. 

The  meridian  zenith  distance  of  any  object  may  be  found  by  observing  Us 
altitude  when  on  the  meridian,  or  by  observing  one  altitude  taken  at  a  given 
hour  from  passing  the  meridian,  or  by  two  altitudes  taken  out  of  the  meri- 
dian and  the  elapsed  time  between  the  observations — each  of  these  methods 
will  be  explained  by  proper  examples. 

Altitudes  of  the  sun  and  moon  taken  at  sea  require  four  corrections  in  order 
to  obtain  tlie  true  altitude  of  tlieir  centres;  these  are  for  Semi-diameter, 
Dip,  Refraction,  and  Parallax.*  When  a  planet  or  star  is  observed,  the  cor- 
rections for  dip  and  refraction  only  are  to  be  applied,  as  the  semi-diameter 
and  parallax  of  a  planet  are  but  a  few  seconds,  and  may  be  neglected  m  find- 
ing the  latitude  at  sea. 

In  a  fore-ohservation  with  a  quadrant,  sextant  or  circle,  the  semi-diameter 
IS  to  be  added  if  the  lower  limb  was  observed,  but  subtracted  if  the  upper 
limb  was  observed.  The  dip  and  refraction  are  to  be  Subtracted  and  the 
parallax  to  be  added,  and  the  central  altitude  will  be  thus  obtained,  which 
being  subtracted  from  90^  will  give  the  true  zenith  distance. 

In  a  back-observation  with  a  quadrant,  the  semi-diameter  is  to  be  subtract- 
ed if  the  lower  limb  was  observed,  but  added  if  the  upper  fin|b  was  observ- 
ed. The  dip  and  parallax  are  to  be  added,^and  the  refraction  subtracted,  and 
tlie  central  altitude  will  be  obtained,  which  beijig  subtracted  from  90^  will 
give  the  true  zenith  distance. 

la  a  back-observation  with  a  sextant  or  circle,  by  measuring  the  supplement 
of  the  altitude  by  bringing  the  lower  limb  of  the  image  of  the  obiect  to 
touch  the  back  horizon,  the  semi-diameter  and  refraction  must  be  added  to 

*  The  semi-diAin^tcr  of  the  sun  mny  be  foand  in  the  3d  pnsre  of  the  inostb  of  the  JiSautical  AUiwnae 
nod  is  nearly  16*.  The  eun^  namllax  is  (o  ))e  found  in  Table  XlV.  The  refrncifon  in  Tnble  Xfl.  Tie 
tllp  in  Tablr  XIII.  The  senu-diameter  and  parallax  of  the  moon  inay  be  found  from  tlie  Nautical  Ahnn- 
hncj  as  will  be  cx)ilaiued  hereafter.  It  may  aUo  be  ubser^  cd.  that  it  is  usual  lo  add  IZ"  for  the  oorrw:tion 
fur  BcntlHltametrr,  dip  and  parallax,  in  a  fore-ob«crvalion  of  the  ran**  lower  limb,  taken  on  the  deck  of  a 
•triimmuQ  Bixed  vcsm'I,  and  by  subtracting  the  refraciion  from  the  ram,  tlie  true  altitude  will  be  obtained 
nearly,  and  it  ong-ht  alwnvg  to  be  kept  in  mind  tlmt  t'  e  rtfjnction  at  low  njyiitudes  is  of  too  mwch  ImfV>(1> 
'u nee  to  be  neglected.  uiymzeu  uy  ^•^j'»^v_y-i  iV 
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Ihe  altitude  given  by  the  instrument,  and  the  dip  and  parallax  subtracted 
therefrom,  and  by  subtracting  90^  from  the  remainder,  the  true  zenith  4i&- 
tance  will  be  obtained. 

To  find  the  Latitude  by  tite  meridian  altitude  of  any  object. 

Having  obtained  the  true  meridian  zenith  distance  by  either  of  these  me- 
thods, you  must  then  find  the  declination  of  the  object  at  the  time  of  obser- 
vation. This  may  be  found  for  the  sun  by  the  Nautical  Almanac  or  by 
means  of  Tables  IV.  and  V.  in  the  manner  before  explained.  The  declina- 
tion of  a  fixed  star  may  be  easily  found  by  inspection  in  Table  VIII.  The 
declination  of  the  moon  or  a  planet  may  l)e  found  in  the  Nautical  Alma- 
nac in  a  manner  which  will  be  hereafter  explained.  Having  the  meridian 
zenith  distaoice  and  declination,  the  latitude  is  to  be  found  by  the  following  rules. 

CASE  I. 
fVJien  the  object  rises  and  sets. 

Rui.E.  If  the  object  bear  souths  when  upon  the  meridian,  call  the  zenith 
distance  north  ;*  but  if  the  bearing  be  north  you  must  call  the  zenith  distance 
south.  Place  the  zenith  distance  under  the  declination,  and  if  they  are  of 
the  same  name  add  them  together,  but  if  they  are  of  different  names,  take 
their  difference ;  this  sum  or  difference  will  be  the  latitude  which  will  be  pf 
the  same  name  as  the  greatest  number. 

CASE  11. 
fFhen  the  object  docs  not  set^  but  comes  to  the  meridian  above  tlve  horiwn  twice 

in  24  hours. 

Many  0(a»  are  always  above  tbc  horizon  of  certain  places  of  the  earth,  antl- 
in  high  laUtude«  the  sun  is  sometimes  above  the  horizon  for  several  days,  in  ivhicji 
case  the  meridiaii  altitude  may  be  observed  twice  in  24  hours ;  that  is,  once  at  the  great- 
est heigJit  above  the  pole,  and  again  at  the  lowest  height  upon  the  meridian  below  the 
pole.  In  the  former  case,  the  latitude  is  to  be  found  by  the  preceding  rule,  but  in  tho 
Jatter,  by  the  following 

Rule.  Add  the  complement  of  the  declination  to  the  meridian  altitude )  the  sum  will, 
be  the  latitude,  of  the  same  name  as  the  declination. 

NoTK.  When  the  sun  or  star  is  on  the  equator,  or  has  no  declination,  the  zenith  dis- 
taoee  wiU  be  equal  to  the  latitude  of  the  place,  which  will  be  of  the  same  name  as  tb^ 
zenith  distance. 

When  the  son  or  star  is  in  the  zenith,  the  declination  will  be  equal  to  the  latitude, 
and  It  will  be  of  the  same  name  as  the  declination. 

To  find  the  latitude  by  the  meridian  altitude  of  the  sun  or  star. 
EXAMPLE  I.  I  EXAMPLE  If. 

Si]|^x>ae  that  at  the  end  of  the  sea  day,      Suppose  that  at  the  end  of  the  sea  day. 


Jane  21,  18:24,  in  the  longitude  of  60"^  \\ 
the  meridian  altitude  of  the  sun's  lower 
limb  bearing  south,  was  found  by  a  fore 
observation  to  be  40'-^  6' — ^required  the  la- 
dtdde,  supposing  the  correction  of  the  ob- 
eerred  altitude  for  parallax,  dip,  and  semi- 
diameter  to  be  12  miles? 

Ob«erved  altitude 4(P   6^ 

Par.  dip,  and  semi-diom.    add  12 

Sum 40    18 

Hefiraction subtract  1 


April  14,  1S24,  in  the  longitude  of  140^  E. 
from  Greenwich,  the  altitude  of  the  sun's 
lower  limb  by  a  fore-observation  was  60° 
25'  when  on  the  meridian  and  bearing  south, 
the  correction  for  dip,  serai- diameter  and 
parallax  being  12  miles — required  the  lati- 
tude^ 

Observed  altitude ()^  25' 

Correction. .add  12 


True  altitude 40    17 

Subtractfrom 90    00 


Tme  zenith  distance 49    43  N, 

.Sun»s  declination.  Tab,  IV 23    28  N, 


I-atitttdc 73    11  N. 


True  altitude t'.'.» 60    37 

Subtractfrpm 90      0 


True  zenith  distance 29  23  ^. 

Sun*s  declination,  Tab.  IV.  >         q  o*  m 

cor.  by  Tab.  V.  for  long.  J  * ' ' '  ^  '*  ^• 

Latitude 38  44  1^. 


•  IttiW*  lulctlte  HMO  if.  Mnniosctl  it.  Ik;  ihe  fixM  point,  atiO  the  leniih  is  relVrred  lo  it.  Thus,  if  ifie 
*MM  bfwi  siiuih  frtim  an  oU^r\-er  (or  from  his  zenith)  th«  zenith  bean  north  frum  the  niu,  and  It  b  t]^ 
l»arr  beoriag  which  L<t  used  in  tho  rule. 

•  Titcfefracti'jo  being  small  h  here  nejrUctcd. 

Q  uiyiuzeu  uy  ■" 


ioogle 
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L  fore^b-  wa» 


EXAMPLE.  III. 

Suppose  that  at  the  eod  of  the  sea  day, 
May  15,  1824,  in  the  meridian  of  Green- 
wich, the  meridian  altitude  of  the  syn's  lower 
limb  bearing  north  waa  found  by  a  ' 
serration  to,  be  30^  6^,  the  correction 
parallax,  dip  and  semi-diam.  bein^  IS  miiea-^ 
required  the  latitude  ? 

Observed  altitude 30°    6' 

Par.  dip,  and  semi-diam. .  • .  add  1 2 

— i — 

Sum   30    ;8 

Bcfraction subtract  2 


EXAMPLE  VI.       .     » 
By  a  back-obsenration  with  a  qtotdrtttt  «f 
reflection,  the  meridian  altitude  c^  the  sun'tf 
lower  limb  was  25^  12'  when  the  declination 
2loi4'S.  andtheeyeof  tbeobMnrer^ 
forlfeet  above  the  horizon,  the  sun  bearmg  S.-* 
required  the  lat.  of  the  plaofi  of  obsenratioik  1 
Ob^nred  altitude  %IPW  . 

Semi-diameter • « • » •  nib.  l6 


Dip 


Tniealtitude 30    l6 

Subtract  from 90    00 


True  zenith  distance 59   44  S. 

Sun^s  declination 18    55  N. 


Latitude 40  49  S, 

EXAMPLE  IV. 
Suppose  that  at  the  end  of  the  sea  day, 


Nov.  17,  1824,  in  the  longitude  of  80^ 
from  Greenwich,  by  a  fore^observation  the 
meridian  altitude  of  the  sun's  lower  limb 
was  50^  6^,  bearing  south ;  the  eye  of  the 
observer  being  17  feet  above  the  surface  of 
the  sea — required  the  latitude  ? 

Observed  altitude 50^   f' 

Sun's  semi-diam.  ........  add  16 


sr5    2 

Refraction sub.     S 

True  alt.  of  «un's  centre* 25     0 

True  zenith  distance 65     0  N^ 

Declination r....2i    14  S. 

Latitude  43   46  N. 

EXAMPLE  TIL 
Suppose  that  on  Janvaiy  1,  1824,  an  ob- 
server 17  feet  above  the  water  finds  by  a 
fore-observation  that  the  altitude  of  Sinus 
is  53^  33'  when  passing  the  meridian  to  tiia 
southward ;  required  the.  latitude  of  tlie 
place  of  observation  ? 

Observed  altitude 53^33' 

Dip  of  horizon sub.  4 


50   22 
5 


Subtract  dip  and  refraction. 

Troe&Ititude^ 50    17 

Subtract  from 90     0 

True  zenith  distance 39   43  N. 

Sun's  dec.  cor.  by  Tab.  V 19     IS, 

Latitude 20   42  N, 

I  XAMPLE  V. 
By  a  fore^observation,  the  meridian  alti- 
tude of  the  son's  lower  limb  was  found  to 
be  40^  20^  bearing  south  of  the  observer,  the 
declination  being  9^  56'  N.  and  the  eye  26 
feet  above  the  horizon — required  the  lati< 
tode  of  the  place  7 

Observed  altitude ^.40^20" 

fieooti-diameter  ••.•...••.  add  16 

40  36 
Mp  5\  refraction  1', sub.  6 

Tnie  altitude  sun's  centie'*' 40   30 

Subtractfrom 90   00 

Zcnitii  distance 49   30  N. 

DccltnatiOQ 9   56  N. 

Latitude 69   26  N. 


,24    56 
.add  6 


53   2S 


True  zenith  distance « . ••  36   32  N\  ^ 

Sirius'  declin.  Tab.  VIILf 16   29  S. 

Latitude  - 20     3  N, 

EXAMPLE  VIII. 

Suppose  that  on  tte  13th  June,  1824,96ft 
account,  an  observer  in  a  high  northern  lati-^ 
tude  and  in  the  longitude  of  65^  W.  from 
Greenwich,  his  eye  being  20  feet  above  the 
surface  of  the  water,  observed  .by  a  fore* 
observation  the  altitude  of  the  sun's  lower 
limb  on  the  meridian  below  the  pole  8^  14': 
required  the  latitude  ? 

The  sun  being  below  the  pole  at  12  hourt. 
before  the  end  of  the  sea  day  June  13,  the 
correction  of  declination  corresponding  in 
Table  V.  is— 1'  46^,  and  the  correction  for 
65^  W.  long.  is+O'  3S",  hence  both  correc- 
tions make  neariy  r  to  be  subtracted  from  the 
declination  at  noon  23°  14'  N.  which  will  give 
the  declination  at  the  time  of  obeervalion 
23°  13^  N.  the  comp.  of  which  is  66<^  47'. 
Observed  alt  sun's  lower  limb  8°  14' 
Semi-diameter ..add 


Dip. 


.sub. 


8   %b 
6 


Refraction sub.     ^ 

True  alt  of  sun's  centre} 8   20 

IComplement  of  declination  ....  66   47  If. 
'Latitude 75^  .7  N. 


*  The  paraUaz  belnr  raiaU  is  hereoeglcctefl,  and  the  sun's  semi-diameter  to  supposed  to  be  IC. 

t  The  north  polar  distmcet  of  these  bright  stars  are  siven  for  every  10  days  in  tlie  Nautical  Almanfc^ 
when  ereat  accuracy  to  required,  the  decUnalioDS  deduced  from  these  may  be  uaed  instead  of  (he  Qutk* 
bom  in  Table  VHl. 

i  Thrr'ptfraUHX  bcitag  fiiAll  to  negated.  uiymzeu  uy  ^^  v_/  ^^  l^ 


\ 
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EXAMPLE  IX. 
3tippo8e  fiiat  on  Janiuury  10,  1324,  an 
iibaerrer  18  feet  above  the  water,  finds  the 
Ailitttde  of  the  north  star,  when  on  the  me- 
ridian below  thft  pole,  to  be  36^  2y  by  a 
fore-obaenration ;  required  .  the  latitude  of 
the  plaee  of  observation  P 

Bbsenred  altitude 36^23' 

Subtract  dip.  4'.  ref.  1' 5 

Thiealtitude 36    18 

(Jomp.  decUn.  Tab.  VJII.* 1    38  N. 

latitude , «..37    56  N. 

EXAMPLE  X. 
Suppose  that  by  a  back-observtitioQ  with 
a  sextant  the  lower  limb  of  the  sun's  image 
was  brought  to  the  back  horizon,  and  tlie 
«ngle  shown  by  the  index  was  110^  10',  the 
SOB  being  then  on  the  meridian  and  bearing 
aouth,  the  declination  being  20^  5'  N.  the 
fiun*a  semi-diameter  16'  and  the  obserrer  20 
lleet  above  the  horizon ;  reqptired  the  latitude  ? 

Observed  angle 110^  10' 

Semi-diameter add  1 6 


EXAMPLE  XL 

Suppose  that  by  a  back-observation  wUfi 
a  sextant  the  lower  limb  of  the  sun's  image 
was  brought  to  the  back  horizon,  and  the 
angle  shown  by  the  index  was  106^  12',  the 
altitude  of  the  obserrer  being  22  feet  and 
the  correction  for  semi-diameter,  parallax^ 
and  dip  being  (as  usual)  about  13';  re^ 
quired  the  true  latitude,  supposing  the  de*- 
clination  to  be  20^  S.  and  that  the  sun  b(}re 
north  at  the  time  of  observation  7 

Observed  angle ^.106°  12*' 

Dip  and  scmi-diam add  1  ^ 

106    24 
Subtract 90     • 


.^?P 


110    26 
.?ub.  4 


110    22 


^mnct 90 


2enilh  distancef 20    22  N. 

Declination 20      5  N. 


Zenith  distaneet 16    24  0. 

Sun's  declination 20      0  .S. 


Latitude   36    24  S. 


J^atituAc : 40    27  N. 

It  was  observed  in  the  directions  for  finding  the  meridian  altitude  ^f  an 
object,  that  an  error  would  arise  if  the  ship  were  in  motion,  or  ^le  sun's  de- 
-clination  should  vary.  The  amount  of  this  correction  may  be  estimated  in 
the  following  manner. 

Find  the  number  of  miles  and  tenths  of  a  mile  northing  or  souihing  mailf; 
by  the  ship  in  one  hour,  and  also  the  variation  of  the  sun's  declination  in  an 
.hour  expressed  also  in  miles  and  ^entlis.  Add  these  together,  if  they  both 
consph^  to  elevate  or  depress  the  sun,  otherwise  take  their  difi'ercnce,  which 
4:all  me  aich  A.  Find  in  Table  XXXIL  the  arch  B,  expressed  in  seconds, 
corresponding  to  the  latitude  and  declination ;  tlien  the  arch  A,  divided  by 
tteke  Ae  arch  B,  will  express  the  time  in  mittutesfrom  noon  when  the  greatest 
(or  least)  altitude  was  observed.  Moreover,  the  square  of  the  arch  A,  di- 
vided by  five  times  the  arch  B,  will  be  the  number  of  seconds  to  be  applied 
to  the  observed  altitude  to  obtain  the  true  altitude  which  would  havf:  been 
observed  if  the  ship  had  been  at  rest. 

Thus  if  the  ship  sailed  towards  the  sun  south  1£  miles  per  hour,  the  de- 
cfination  increasing  northerly  1'  per  hour,  we  should  have  A=ll-}-l  =  l^- 
If  the  latitude  was  49P  N.  declination  2P  S.  we  should  have  by  Tab.  XXXIL 
B=3''.  In  this  case  the  time  from  noon  Is  '/  ^3  minutes,  and  the  correction 
of  altitude  *|^=18  seconds  only. 


*  The  oorth  polar  dtotaeees  of  these  Kriftht  aten  are  given  for  every  10  dnyft  io  ilic  Naiuiea]  AIidqiwc; 
Vbea  great  accuracy  u  required,  the  dacUnaUons  deduced  firom  thete  may  be  used  iuMcad  of  tiie^uuDi- 
ft«^ra  In  Tabln  Vlll. 

t  The  refraction  and  parallax  being  only  •  Tew  leconUs  are  neglected* 

t  'the  tefihioioa  heing  noaU  Is  DegFected. 
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TO  FIND  THE  LATITUDE 

BTT    THE 

MERIDIAN  ALTITUDE  OP  THE  MOON. 

THE  latitude  may  be  found  at  sea  by  the  moon^s- meridian  altitude  more 
liccurately  than  by  any  other  method,  except  by  the  meridian  altitude  of  the 
fsun ;  but  to  do  this  it  is  necessary  to  find  the  time  of  her  passing  the  meri* 
dia»i,  and  her  declination  at  that  time.  To  facilitate  these  calculations  we 
have  given  the  Tables  XXVIII.  XXIX.  and  XXX.  The  uses  of  which  will 
evidently  appear  from  the  following  rules  and  examples. 

To  find  the  true  time  of  the  moon's  passing  the  meridian. 

In  the  sixth  page  of  the  Nautical  Almanac,  find  the  time  of  the  moon':^ 
romingto  the  meridian  of  Greenwich  for  one  day  earlier  than  the  sea  ac- 
count ;*  and  also  the  time  of  her  coming  to  the  meridian  of  Greenwich  the 
next  day,  when  you  are  in  west  longitude,  but  the  preceding  day  when  in 
eiist  longitude;  take  the  difference  between  these  times,  with  which  you 
must  enter  the  top  column  of  Table  XXVIII.  and  against  the  ship's  longi- 
tude in  the  side  column  will  be  a  number  of  minutes  to  be  applied  to  the  time 
taken  from  the  Nautical  Almanac,  for  the  day  immediately  preceding  the 
sea  account,  by  adding  when  in  west  longitude,  but  subtracting  when  in  east 
longitude;  the  sum  or  difference  will  be  the  true  time  of  passing  the  meri-- 
dian  of  the  given  place. 

EXAMPLE. 

feequired  the  tune  of  the  moon's  passing  the  meridian  oi*  J^hiladelpbu^^ 
April  19,  1820,  sea  account? 
The  day  preceding  the  sea  account  is  April  18,  on  Which  day  the  moon 

Fassed  the  meridian  of  Greenwich  at  5h.  3m. ;  and  being  in  west  longitude, 
find  9^0  the  time  of  her  passing  the  meridian  the  next  day,  5h.  55m. ;  the 
difference  of  these  two  numbers  is  52m. ;  with  this  I  enter  Table  XX Villi 
and  at  the  top  find  52' ;  under  this  and  opposite  75^  (the  longitude  of  Phila- 
delphia) is  uie  correction  11',  to  be  added  to  5h.  9m.;  therefore  the  time  of 
passing  the  meridian  of  Philadelphia  is  April  I9d.  5h.  14m.  sea  account;  or 
April  18d.  5h.  14m.  P.  m.  civil  account. 

To  find  the  moon's  declination  tDhen  on  the  meridian. 

Find  the  time  of  the  moon*s  coming  to  the  meridi^  as  above;  turn  the 
ship's  longitude  into  time,  (by  Table  XXI.f )  and  add  it  thereto  if  in  west 
longitude,  but  subtract  it  in  east,  the  sum  or  difference  will  be  the  time  at 
Greenwich.— Take  out  the  moon's  declination  from  page  6th  of  the  Nauti- 
cal Almanac,  for  tlie  nearest  noon  and  midnight  ;t  and  note  the  difference  of 
the  declinations  if  of  the  same  name,  but  their  sum  if  of  different  names ; 
enter  Table  XXX.  with  this  sum  or  difference  at  the  top,  and  the  time  at 
Greenwich  in  the  side  column,  under  the  former  and  opposite  the  latter  will 
be  the  correction  to  be  applied  to  the  declination  whlcn  stands  first  in  the 

*  TAklne  the  time  one  dav  earlier  than  the  sea  account  reducei  it  to  astroDomical  time  oaed  la  the 
Nautical  Almanac. 

t  Longitude  may  be  tnrDcd  into  time  without  the  help  of  Table  XXL  by  multiptying  by  4  texagesi- 
miUly,  and  putting  the  [Htiduct  one  denomination  lower;  and  by  diridlng  by  4,  time  may  be  tttrnediBto 
degree*,  iic  That  80»X*=^aO'=5h.  20m.  and  14<»  16'  X  *=6l'  4"=nh.  im.  4s. ;  in  like  manner  ih^^Xka. 
<fr  80m.  divided  by  4,  giret  30^  3h.  I6m.  or  196m.  divided  by  4,  gives  49^  which  agree  with  the  TMt. 
If  the  ship  be  fbrnlahed  with  a  chronometer  regulated  to  Greenwich  or  menn  time,  this  part  of  the 
operation  will  he  saved,  for  hy  applying  the  equation  of  time,  Table  IV.  A.,  with  a  contrary  sign  to  that 
Itt  the  Table,  the  <nMarciit  time  at  Greenwich  will  be  obtained,  as  in  the  eiplaaatiao  nrcfized  to  the  Tables^ 

t  If  the  time  at  Greenwich  be  exactly  noon  or  midnight,  the  tnie  decliAation  will  be  giv^  bv  the  Kan- 
.tioal  Alnlaaac,  ti^thotu  the  triiul)le  of  deferring  to  Table  XXX. 
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N'autica]  Almanac;  additive,  if  that  d«clinatioD  be  increasing;  subtractire, 
if  decreasing;  the  sum  or  difference  will  be  the  true  declination  at  the  time 
of  passing  the  meridian. 

NOTES. 

1.  By  the  above  mle,  the  day  of  the  month  on  which  the  moon  paasea  the  mend 'in 
mikst  be  taken  one  less  than  the  aea  account :  and  when  you  add  the  longitude  (turned 
into  time)  te  the  time  of  pawing  the  meridian,  and  the  hours  of  the  sum  exceed  24,  you 
must  subtract  34h.  and  add  one  to  the  day  of  the  month ;  if  the  longitude  be  subtractive 
and  greater  than  the  time  of  passing  the  meridian,  you  must,  prerious  to  the  subtrac- 
tion, add  24  hours  to  the  time  of  passing  the  meridian,  and  subtract  one  from  the  day 
of  the  month ;  the  sum  or  diflferencc  will  be  the  time  at  Green-wich.  If  this  time  be  lees 
than  IS  hours,  you  most  take  out  the  declination  for  the  preceding  noon  and  the  foHoar- 
ing  midniriit;  but  if  the  time  exceed  12  hours,  you  must  take  out  the  declination  for 
the  precemng  midnight  and  the  following  noon. 

2.  When  one  of  the  declinations  taken  from  the  Nautical  Almanac  is  north  and  the 
other  south j  the  difference  between  the  correction  ef  Table  XXX.  and  that  declination 
which  stands  first  in  the  Nautical  Almanac,  will  be  the  true  declination,  which  will  be 
of  the  same  name  as  that  fint  declination,  when  the  correction  of  Table  XXX.  is  less 
than  the  first  declination^  but  if  greater  of  a  contrary  name. 

*  3.^  In  the  same  manner  we  may  find  the  declination  for  any  time  in  the  day,  by 
making  use  of  the  given  time  instead  of  the  time  of  the  moon's  passing  the  meridian. 

4.  In  the  ahore  rules  the  second  differences  of  the  moon's  motion  are  neglected. 
In  cases  where  reiy  great  accuracy  is  required,  the  calculation  may  be  made  as  fh 
T'roUem  I.  of  the  Appendix. 

EXAMPLE. 

Required  the  moon's  declination  at  the  time  of  her  passing  the  meridiau 
of  Philadelphia,  April  19, 1820,  sea  account? 

The  time  of  passing  the  meridian  of  Philadelphia  was  found  in  the  pre- 
ceding Example  to  be  April  19d.  5h.  14m.  sea  account,  or  April  18th.  5h* 
14m.  by  Nautical  Almanac  account;  this  being  added  to  the  longitude  of 
Philadelphia,  in  time  5h.  Im.  nearly,  the  sum  is  tne  time  at  Greenwich,  April 
18th.  lOh.  15m.  The  declination  April  18th.  at  noon,  was  fiS^  t6'  N.  and 
on  April  18th.  at  midnight  27^  48'  N.  the  difference  being  98',  this  t>eing 
founa  at  the  top  of  Tabh;  XXX.  and  the  time  lOh.  15m.  in  the  side  column, 
the  number  corresponding  is  d9',  which  subtracted  from  the  first  declination 
28^  26'  leaves  the  declination  required  27^  53"  N. 

At  the  time  of  the  moon's  passing  the  meridian  you  must  obser^^c  the  alti- 
t:ude  of  her  upper  or  lower  limb,  and  correct  this  altitude  for  semi-diameter, 
clip,  parallax,  and  refraction,  and  you  will  obtain  the  central  altitude,  witli 
^nich  and  the  declinatityii  you  may  find  the  latitude  by  the  rules  before 
gifen.  Or  you  may  correct  the  observed  altitude  by  the  following  approxi^ 
mate  method  which  shortens  the  calculation,  and  is  sufficiently  accurate, 
especially  when  the  dip  is  about  A!  or  5',  which  is  nearly  tlie  value  in  com- 
mon observations  at  sea. 

To  find  the  latitude  hy  tht  moon's  meridian  altitude,  ohtained  hy  a  fort-^h- 

servation. 

To  the  observed  altitude  of  the  moon^s  lower  limb  add  12  minutes,  l^ut 
if  her  upper  limb  was  observed,  subtract  20  minutes ;  with  this  altitude  enter 
Table  XXIX.  and  take  out  the  minutes  corresponding,  and  add  thereto,  the 
sum  will  be  the  central  altitude  of  the  moon  ;*  with  this  altitude  and  the 
moon's  declination  found  as  abow,  the  latitude  may  be  found  as  by  a  meri- 
dian altitude  of  the  sun. 


♦  In  cslcutattng  sccnnitely  the  moon's  centnl  aUliiide,  yoa  must  proceed  in  the  following  manAer : 
Find  the  time  of  the  moon's  passing  the  merk&in  redaced  to  Greenwich  time  u  above,  take  out  the 
moon^s  horizontal  parallax  and  •emi-diameicr  for  this  lime,  from  the  seiretith  pafre  of  the  month  of  the 
Kautlral  Almanac,  increase  the  semi'disroeter  by  the  correction  in  Table  XV.  add  this  ao^ented  semi- 
diameter  to,  or  subtract  it  from  the  obserTed  nltitnde  according  as  the  loiter  or  upper  limb  was  u)iserve<t 
(by  a  fore-observation)  subtract  tbe  dip  o(  the  horizon  tnlcen  from  Table  XIKL  and  add  the  oorrecUrm  ftir 
panUax  nnd  refracikin  (which  may  be  easily  found  by  Table  XIX.  by  subtracting  the  correcUbn  foaii<l 
in  that  table  from  5^  42*')  and  the  ium  ttiil  M  the  t^rrtct  cemrAl  «!ritiMlp. 
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EXAMPLE  I. 

Suppose  that  on  the  £7th  of  June,  1820,  sea  account,  in  long.  80<^  Vf*  from 
Oreenvrich,  the  meridian  altitude  of  the  moon^s  upper  limb  Wf s  observed  t9 
he  40^  &  bearing  south ;  required  the  true  latitude? 

June  27th,  sea  account,  is  June  26th,  by  Nautical  Almanac,  on  which  day 
the  moon  passed  the  meridian  of  Greenwich  at  12hr  45m.  and  the  next  djay 
at  Idh.  46m.  the  daily  difference  being  61m.  In  Table  XXYHI.  imder  60 
(which  is  the  nearest  number  to  61  in  the  table)  and  opposite  to  the  long.  80^* 
Stand  13m.  which  added  to  12h.  45m.  gives  the  time  of  passing  the  merldSiun 
June  26d«  12h.  58m. 

D.   Q.   M. 

>  paMes  merid. Jiine26'12  5S 

Ship's  long.  80°  in  time 5  20 


Thne  at  Greenwich  June 26  18  18 

June  26,  midnight  decl 27°  24'  S. 

June  27,  at  noon 26    10  S. 


Alt.  D'sapperltmh 40®    ^ 

Subtract 9 


39    49 


Difference 1    14 

WHh  ikiB  differance  1°  14',  and  the  time 
«i  Greenwich  I8h.  18m.  I  enter  Table  XXX. 

«nd  find  the  correction (P  39^ 

This  subtracted  from 27    24  S. 


Add  Tab.  XXIX... 
I^'strueaU. 40    ^3 


D^flzen.  dist 49    37  Jff. 

})'sdeclinaaon 26    45  ^. 

Latitude.... ^    j^2  N. 


C^ea  the  required  decl 26    45  S. 

EXAMPLE  n. 

Suppose  that  on  the  27th  September,  1820,  sea  account,  in  long.  dO^^E. 
the  meridian  altitude  of  the  moon's  lower  limb  waa  observed  50^  (r,  beario^ 
south,  required  the  true  latitude  ? 

September  27,  sea  account,  is  September  26,  by  the  Nautical  Almanac* 
on  which  day  the  moon  passed  the  meridian 'of  Greenwich  at  16h.  17m.  and 
the  preceding  day  at  15h/  19m.  differing  58m.  in  Table  XXVIU.  under  53' 
and  opposite  the  long.  d(P  are  14m.  which  subtracted  from  16h.  17m.  lea\ftfi 
16h.  9m.  the  time  of  passuig  the  meridian  of  the  place  of  observation^ 


>  passes merid.  Sept  ...•«.... 26  16    3 
l^ng.  90<^  £.  in  time 6    0 


Tihte  at  Greenwich.  Sept 26  10    3 

Ptcl.  Sept  26  at  Doon 25^  ll'N. 

atmldnjghl....26    41  N. 


>'sob9.  alt  lower  limb.. ^    ^ 
Add 12 


Difierence 1    30 

With  this  diflferance  l^  SO'  and  the  thne 
At  Greenwich  lOh.  3m.  I  find  the  coirec- 

iion  of  Table  XXX ^.•.  1^  16' 

Beclination  at  noon. .  i 25    11  N. 


Sum 50    li& 

Coir.  Tab.  XXIX.  add  . . .       ^ 

)'s  correct  alt 50    48 

})  's  zenith  distance 39    12  X 

>'sdecUnation 26    26  l<f . 

Latitude ^5   ^.^. 


Tnte  declination .26    26  N. 

EXAMP^m. 

Suppose  tiiat  on  the  29th  November,  1820,  sea  account,  in  the  longitude 
of  Ib^  W.  the  meridian  altitude  of  the  moon's  upper  limb  was  observed 
iiiP  26',  bearing  north,  required  the  true  latitude  ? 

Nov.  29,  sea  account,  is  Nov.  28,  by  the  Nautical  Almanac,  on  which  day 
the  moom  passed  the  meridian , of  Greenwich  at  19h.  20m.  and  the  next  day 
at  19h.  59m.  differing  99m.  In  Table  XXVIII.  under  39'  or  40'  and  oppodte 
the  longitude  of  150O  stand  17m.  which  added  to  19h.  20m.  gives  19h-  37m> 
tne  time  of  jpasBiitg  the  meiidhn  of  the  place  of  otecrvdtion. 
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D.  B.  M. 

>fUM»mflnd.  Nov :.88  19  37  Oba.  alt.  ^ 'supper limb  ..((P  fi€^ 

Lmg.  150^  W.  in  time 10    0  •ubtraet fiD 

Time  ftt  Greenwich  Nov. 29    5  37  60     I 

Goir.  Ttb.  XXIX.  add  SS 

J*^  tel.  Nov.  29  at  ooon 0°  2rN.  — 

etimdiusht..2    22  3.  ^*scoir.  elt 60    ftl 

Sum 2    49  U'ssen.  dist 29    26  SL 

WHh  this  HBB  2^  49^,  aad  the  time  at  ^'a  declinatiOQ 0    52  H 

Greenwi^  5h.  37m.  I  enter  Table  XXX.  ■ 

Ctodfindtheeorr.  oTded 1<>  19^  Latitode • 30    18Q. 

Ded.  Nov.  29  at  noon 0    27  N. 

In  thia  example  yon  ttvat  nsftr  f»  mfO 

T«ye^ielflinfl(Udff • d    52  9.  1.  and  2.  pqp  139. 


TO  PIN©  THE  LATITUDE 
1»IBIIIBIAN  ALTITUDE  OF  A  PLANET. 

^  FROM  pWe  4th  of  the  month  of  the  Nautical  Almanac,  take  out  ibb 
timtt  of  the  planet's  passing  the  meridian  on  the  day  nearest  to  lliat  on  which 
the  observation  was  made;  thia  will  be  nearly  the  time  of  passing  the  meri- 
dian of  the  place  of  observation.* 

ISim  the  ship's  longitude  into  time,  and  add  it  to  the  time  of  passing  th^ 
meridian,  when  in  west  longitude,  but  subtract  in  east,  the  sum  or  difference 
wnll  be  the  time  at  Greenwich  nearly,  f  Take  out  the  planet's  declinatioit^ 
from  the  Nautical  Almanac,  for  the  times  immediately  preceding  and  fol- 
lowing the  day  of  observation,  and  note  the  difference  of  the  declinations 
when  they  are  of  the  same  name,  but  their  sum  when  of  different  names, 
and  find  the  interval  between  these  times  marked  in  the  Nautical  Almanac; 
take  also  the  difference  between  the  time. first  marked  in  the  Nautical 
Almanac  and  the  time  of  observation  at  Greenwich  (remarking  that  this 
time  is  one  day  less  than  the  sea  account;)  then  as  the  former  interval  of 
time  is  to  the  latter,  so  is  the  sum,  or  difference  of  declinations,  to  tl\e  cor- 
rection of  the  declination  taken  first  from  the  Nautical  Almanac,  additive  if 
that  declination  be  increasing,  but  subtractive  if  decreasing;  the  sum  Or 
difference  will  be  the  declination  of  the  planet  at  the  time  of  observation. 
But  YOU  must  observe  that  if  the  correction  of  declination  be  greater  than 
the  declination  first  marked  in  the  Nautical  Almanac,  their  difference  will 
be  the  sought  declination,  which  will  be  of  a  different  name  from  the  first 
declination. 

From  the  observed  altitude  of  the  planet  (taken  by  a  fore  observation)  sut*- 
tract  the  refraction  and  dip,  the  latter  being  in  general  about  four  minuteis, 
and  the  remainder  subtracted  from  90^  will  give  the  correct  zenith  distance 
nearly;  with  which,  and  the  declination,  the  latitude  may  be  found  as  by  uh 
observation  of  the  sun. 


•  If  ymi  wkh  to  find  the  time  of  janing  tbe  meridian  more  wMhirately.  voa  most  take  ■  proportional 
pfM  of  the  difference  of  the  tim«r  of  coming  to  tbe  raeridinix  giTen  in  the  NauUcal  Almtnac,  io  the  ftme 
nMsner  u  in  fiw^jng  tlie  declination  of  tlie  pianet.  ° 

^  }  Thia  time  te  alS  given  by  a  cbfonometlrr,  ai  In  note  s^i^  i^%  ^^  ^  tSr  CxpIaQamlOo  QAfix'ctf  16 
(hi  lablff . 
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EXAMPLE. 

Suppose  that  on  the  £3d  October,  1820,  in  long.  65^  W.  Jupiter  passed  thb 
meridian  to  the  southward;  his  meridian  altitude  being  observed  was  45^  £0', 
and  the  dip  4' ;  required  the  true  latitude  ? 

October  23,  sea  account,  is  October  j22,  by  the  Nautical  Almanac ;  now  on  October  I^, 
by  the  N.  A.  Jupiter  passes  the  meridian  at • 9h.  26m.        ^ 

To  this  add  the  long.  65"^  W.  in  time  4     20 

Time  at  Greenwich,  October  32d ,.. 19  4^ 

Jupiter's  declination,  October  19     7^  31^  S. 
— October  25    7   46  S. 


Difference , .  • . .  7 

Then  say,  as  6  days  (which  is  the  inter?a]  between  October  19  and  October  25)  is  \^' 
3  days  13}  hours  (which  is  the  time  elapsed  between  October  l9th  an4  October  28d. 
13|  h.)  BO  is  7  minutes  to  4  minutes,  which  added  to  7^  39'  S.  gives  7^  43'  S.  the  true 
j^clination  at  the  time  of  observation. 

Jupiter*8  observed  altitude 45^  20^ 

Subtract  4  minutes  for  dip  and  1'  for  refraction  5 

Truealtitude 45    15 

Zenith  distance • 44    45  N. 

Declination  7   43  $^. 

Latitude ,...,.,.... 37*  8  N. 


TO  FIND  THE  LATITUDE  by  DOUBLE  ALTITUDES. 

Form  h-^Bjf  douhk  altitudes  of  the  Sun. 

WHEN  by  reason  of  clouds,  or  from  other  causes,  a  meridian  altitude  cadt 
not  be  obtained,  the  latitude  may  be  found  by  two  altitudes  of  the  sun,  taken 
at  any  time  of  the  day,  the  interval  or  elapsed  time  between  the  observations 
being  measured  by  a  good  watch  or  chronometer,  noticing  the  seconds,  if 
possible,  or  estimating  the  times  to  a  tliird  or  a  quarter  of  a  minute,  if  the 
watch  is  not  furnished  with  a  second-hand.  The  observed  altitudes  of  the 
sun  must  be  corrected,  as  usual,  for  the  semi-diameter,  dip,  refraction  and 
parallax,  in  the  same  manner  as  in  finding  the  latitude  by  a  meridian  altitude. 
When  great  accuracy  is  required,  the  declination  must  be  found  at  the  time 
of  each  observation,  using  the  ^ird  method  of  solufion  hereafter  given,  but 
when  the  sun's  declination  varies  slowly,  or  the  elansed  time  is  small,  it  will 
in  general  be  sufficiently  accurate  to  find  the  sun's  aecli nation  for  the  middU 
tkne  between  two  obstrvcUions^  and  to  consider  it  as  invariable  during  the  obser- 
vations, computing  the  latitude  by  the  first  or  Second  method. 

This  manner  of  finding  the  latitude  is  in  general  most  to  be  depended  upon 
where  the  sun's  meridian  zenith  distance  is  great.  If  the  sun  passes  the 
meridian  near  to  the  zenith,  much  greater  care  must  be  tajcen  in  measuring 
the  altitudes  and  noting  the  times,  than  would  be  necessary  under  other  cir- 
cumstances. The  nearer  the  sun  is  to  the  meridian  at  the  time  of  one  of  the 
observations,  the  more  correct  the  result  will  commonly  be.  In  general  the 
elapsed  time  ought  to  be  as  ^reat  or  greater  than  the  time  of  &e  nearest 
observation  from  noon.  Similar  remarks  may  be  made  upon  every  one  of 
the  following  forms. 

In  all  th^se  observations  .it  is  supposed  that  the  watch  moves  uniformly 
according  to  ajiparent  time,  measuring  twenty-four  hours  from  the  tinie  of  the 
eun's  passing  the  meridian  on  two  successive  days  at  the  same  place  of  obser- 
vation.   If  the  watch  gain  or  lose  on  apparent  time,  supposing  the  observer 

uiyiLizt;u  uy  x-j  v_/ v^ pc  iv^ 
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io  be  at  rest,  a  correction  must  be  applied  for  the  gain  or  loss  during  the  time 
elapsed  between  the  obsenrations^  so  as  to  obtain  accurately  the  ekmaed  tiam 
or  hour  angle.  It  is  not  reqmred  that  the  watch  should  be  regulatea  so  as  to 
give  precisely  the  hour  of  observation;  the  only  thing  required  is  to  find  tU'(^ 
(lapsed  time  with  ail  possible  accuracy. 

Form  ll.^Ihuhk  Altitudes  of  a  Star. 

Double  altitudes  of  a  fixed  star  may  be  used  in  finding  the  latitude,  and  the 
calculation  is  almost  identical  with  that  of  double  altitudes  of  the  sun ;  the  on- 
ly difference  coniusts  in  adding  a  small  correction  to  the  elapsed  iq>parent  tim^ 
between  the  observations,  on  account  of  the  daily  acceleration  of  9'  56''  la 
the  time  a  star  comes  to  the  meridian  on  successive  days.  This  correction  is 
obtained  to  a  sufficient  degree  of  accuracy  by  adding  one  second  for  every  $ic 
minutes  of  tiie  elapsed  time;  the  sums  will  be  the  corrected  elapsed  time  or 
hour  angle,  to  be  used  in  the  calculation,  either  by  the  first,  second  or  third 
method.  Thus  if  the  elapsed  time  was  i^h,  or  1 80m.  the  correction  would  be. 
»|»  or  30",  making  the  corrected  elapsed  time  or  hour  angle  3h.  0'  30".  If 
great  accuracy  is  required,  find  the  correction  in  Table  XXXI.  in  the  column 
marked  at  top  3'  56  ,  and  at  the  side  with  the  elapsed  time.  In  the  preceding^ 
example,  this  Table  would  give  29"  for  the  correction,  instead  of  80''. 

In  observations  of  a  fixed  star  the  altitudes 'are  to  be  corrected  for  dip  and 
refraction,  as  in  finding  the  latitude  by  a  meridian  altitude.  The  declination 
of  the  star  is  to  be  found  in  Table  VIII.*.  With  these  altitudes,  the  declina- 
tion and  the  hour  angle,  the  calculation  is  to  be  made  by  either  of  the  thr^e 
methods  hereallter  given. 

The  chief  difiicuTty  in  observations  of  this  kind  with  a  fixed  star  is  the  want 
of  a  good  horizon  in  the  night  time.  The  method,  however,  might  some- 
times be  used  with  success,  soon  after  the  dawn  of  day,  or  late  in  the  evcn- 
ingtwilight,  at  a  time  when  the  horizon  is  well  defined,  and  the  star  sufficient- 
ly bright  to  bring  its  reflected  image  to  the  horizon.  Sometimes  a  good  hori- 
zon is  produced  by  the  aurora  borealis,  in  ivhich  case  a  good  observation 
might  be  made  with  stars  in  the  northern  horizon,  but  a  single  observation  Qf 
the  polar  star  will  answer  the  same  purpose,  and  be  much  more  simple. 

Form  llL-^Double  Altitudes  of  a  Planet, 
Double  altitudes  of  a  planet  (particularly  Jupiter  and  Venus,  on  account 
of  their  great  brightness)  might  sometimes  be  used  with  success.  The  ob- 
served altitudes  must  be  corrected  for  dip  and  refraction.  The  parallax  an^ 
semi-diameter  being  small  may  be  neglected,  except  In  cases  where  extreme 
accuracy  is  required.  The  declination  of  the  planet  is  to  be  found  in  page  IV. 
of  the  Nautical  Almanac,  for  the  supposed  time  at  Greenwich.  The  daily 
variation  of  the  time  of  coming  to  the  meridian  is  also  to  be  found  in  thQ 
same  page  where  the  hour  is  marked  at  intervals  of  6  days,  and  thus  the  time 
elapsed  between  the  passage  of  the  planet  over  the  meridian  on  two  succes- 
sive days  is  found;  then  the  corrected  elapsed  time  or  hour  angle  is  obtained 
by  the  following 

Rule.  As  the  interval  of  time  hetujten  two  successive  passages  of  the  object 
aver  the  meridian  is  to^  hmrs,  so  is  the  apparent  elapsed  time  hettoeen  the  ob- 
servatioTts,  to  the  corrected  elamtd  time  or  hour  angle:  Or  more  simply  by 
means  of  Table  XXXI.  finding  the  daily  variation  in  the  time  of  cominp; 
to  the  meridian  at  tlie  topf  and  the  elapsed  time  at  the  side,  the  correspond- 
ing correction  is  to  be  added  to  the  elapsed  time  when  the  time  of  coming  to 
the  meridian  is  earlier  on  successive  days,  as  is  generally  the  case,  but  fuft- 
tracted  if  later,  the  sum  or  difference  will  be  the  corrected  elapsed  time  or 
hour  angle  nearly. 

With  this  hour  angle,  the  declination  and  corrected  oltiiudes,  the  latitude 
may  be  found  by  ei&er  of  the  three  following  methods  of  calculation. 

*  Or  more  acctirat«ly  in  the  ^autioal  Almanac,  if  any  oae  of  Uie  twenty-four  bright  stars  Is  obsery«l, 
whow  place  Is  given  in  that  work. 

t  If  the  daily  variation  be  less  than  8  1-2  mioutes,  which  is  (he  smallest  In  the  table,  you  may  nnilltply 
the  daily  vviaUon  by  2  or  3,  &c  and  divide  the  result  by  the  sfffoe  number,  add  the  oorrtctlos  will  Im 
obcained. 

T 
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Form  IV. — Double  Altitudes  of  the  Moon. 
Double  altitudes  of  the  moon  may  also  be  used  in  finding  the  lati- 
tude. These  observations  may  be  easily  and  very  accurately  made,  but  the 
calculation  is  much  more  complex  than  any  of  the  preceding  methods,  on 
account  of  the  great  change  in  the  moon's  declination  and  ri^t  ascension, 
during  the  elapsed  time  between  the  observations.  If,  however,  by  the  times  of 
observation,  and  the  longitude  of  the  ship ;  or  else  by  a  chronometer,  the  time 
at  Greenwich  can  be  obtained  within  a  few  minutes;  we  may,  from  pages 
VI.  VII.  of  the  Nautical  Almanac,  find  the  corresponding  dectination,  semi- 
diameter  and  horizontal  parallax  of  the  moon  for  each  of  these  observations. 
With  the  horizontal  parallax  and  the  moon's  apparent  altitude,  find  th^  cor^- 
xection  in  Table  XIX.  which  being  subtracted  from  59'  42",  leaves  the  cor- 
rection of  the  moon's  altitude  for  parallax  and  refraction,*  which  is  to  be 
added  to  the  corresponding  observed  altitude  corrected  for  semi-diameter 
and  dip,  and  in  this  way  the  moon's  correct  central  altitude  b  to  be  obtained 
at  each  observation.  Lastiy,  the  time  of  the  moon's  passing  the  meridian  on 
successive  days  in  page  VI.  of  the  Nautical  Almanac,  gives  the  inten-al  of 
time  between  two  successive  passages  of  the  moon  over  the  meridian«t  and 
this  time  is  to  24  hows  as  the  elapsed  time  hetxcem.  the  observations  is  to  the  cor- 
rected  elapsed  time  or  hour  angle.  With  this  hour  angle,  the  correct  central 
altitudes  and  the  declinations,  the  latitude  may  be  found  by  the  third  of  the 
following  methods  df  calculation,  it  being  very  rare  that  the  two  first  methods 
can  be  used,  on  account  of  the  great  change  in  tiie  moon's  declination. 

Form  V. — By  altitudes  of  two  different  objects,  taken  at  the  same  time. 
The  latitude  may  be  obtained  by  observing,  at  the  same  moment  oftime^  the 
altitudes  of  two  heavenly  bodies:  as  for  example,  (1)  The  sun  and  moon4 
(S)  The  moon  and  a  fixed  star  or  planet.  (3)  A  planet  and  a  fixed  star* 
(4)  Two  planets.  (5)  Two  fixed  stars.  In  these  methods  the  altitudes  are 
to  be  corrected  as  in  the  preceding  Forms^  for  dip  and  refraction ;  also  for 
parallax  and  semi-diameter  when  necessary,  as  is  always  the  ease  in  observa- 
tions of  the  moon  and  sun.  The  declinations  of  the  bodies  are  to  be  found 
for  the  supposed  time  of  observation,  reduced  to  the  meridian  of  Greenwicb* 
by  means  of  the  Nautical  Almanac,  or  by  Table  VIII.  for  the  fixdl  stars,  as 
before  taught.  Then  the  difference  of  the  right  ascensions  of  the  bodies  (or 
that  difference  subtracted  from  24  hours,  if  it  exceed  IS  hours)  will  be  the 
hour  angle  which  is  to  be  used  with  these  declinations  and  corrected  altitudes 
in  finding  the  latitude,  by  either  of  the  two  first  methods  if  the  declinations 
should  be  equal,  or  differ  but  one  or  two  minutes,  otherwise  by  the  third  me* 
thod,  which  in  fact  may  be  considered  as  the  only  method  to  be  used  in  this 
kind  of  observations,  because,  in  almost  all  cases,  the  declinations  of  the 
objects  differ  considerably. 

Foru  VI. — By  altitudes  of  two  different  objects,  taJcai  unthin  a  few  minuted 
of  each  other,  by  one  observer. 
It  may  sometimes  happen,  for  want  of  ttco  good  instruments,  or  from  not 
having  two  observers,  that  the  preceding  Form  V.  cannot  be  employed.     In 
this  case  the  whole  of  the  observations  may  be  made  by  one  person,  noticing 
the  interval  between  the  observations,  and  making  the  calculation  as  in  the  foK 
ldwii)g  Form  VII.    But  it  is  in  general  much  better  to  make  the  observations 
'  as  near  to  each  other  as  possible,  and  then  by  a  very  simple  process  the  cal- 
culation may  be  reduced  to  that  of  Form  V.  in  which  the  ooser^'ations  are 
taken  at  the  same  moment.    This  is  done  by  observing  the  first  object  twice» 
before  and  after  observing  the  second  object.    For  if  the  interval  of  time  be* 
tween  these  three  observations  are  equal,  as,  for  example,  one  minute,  or 

*  Wben  extreme  accuracy  \%  not  required,  we  may  find  the  correction  for  parallax  and  refraction  from 
Ttible  XXIX.  which,  if  the  altitudes  are  large,  wlB  not  Taiy  much  from  the  truth. 

t  Tliis  time  is  given  to  mimites  viiidi  in  general  is  sufficient,  because  if  the  etefMcd  thne  is  sdmU, 
the  eflToct  of  thb  correction  would  be  only  a  few  seconds.  It  mifht  be  obtalaed  more  accurately  hy 
m^ns  of  the  right  ascensions  of  the  sun  and  moon,  using  the  seconddtfferences,  as  taught  )n  tite  AppOMttx. 

t  A  particular  case  of  this  method  oecort  in  takioff  a  lunar  obserratidn,  which  willlae  treated  oT  aep«.« 
r»if  »v,  1k;£«iq9c  the  diftwcc  of  U)?  tTvo  bodies  being  hnown;  the  calculation  becomei  more  simple. 
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'two  minutes,  the  half  sum  of  the  two  altitudes  of  the  first  object  may  he 
taken  for  the  altitude  corresponding  to  the  time  of  observing  the  second  alti- 
tude, and  the  calculation  may  then  be  made  as  in  Form  V.  Thus,  suppose 
at  lOh.  «ra.  A.M.  per  watch,  the  altitude  of  Sirius  was  17©  54^,  at  lOh.  4m. 
per  watch  the  altitude  of  Capella  S(P  45',  and  at  lOh.  6m.  per  watch  the 
altitude  of  Sirius  was  again  observed  and  found  to  be  17°  68^.  In  this  case 
the  intervals  of  time  are  exactly  two  romutes,  therefore  the  half  sum  of  the 
aititudeflof  Siriusisto  betaken  17°  66',  and  combined  with  the  altitude  of 
Ca^lla  60^  45',  supposing  both  to  have  been  obeerved  at  lOh.  4m.  per  watch. 
This  is  the  most  simple  form  in  whieh  an  observation  of  this  kind  can  be  made 
by  one  observer. 

If,  from  any  cause  whatever,  the  observations  cannot  We  taken  at  e?cactly 
equal  intervals,  the  altitude  of  the  first  object,  at  the  time  of  observing  the 
second  object,  may  be  found  by  proportion,  supposing  the  altitudes  to  vary 
unilbrmly  during  the  few  minutes  of  the  observations.  Thus  in  the  preceding. 
example,  suppose  the  altitudes  and  the  two  first  noted  times  to  remain  un- 
alter^  but  the  last  observation  of  Sirius  to  have  been  at  lOh.  10m.  per 
watdi,  (instead  of  lOh.  6m.)  In  this  case,  during  the  8  minutes  of  time 
elapsed  between  lOh.  £m.  and  lOh.  10m.  Sirius  would  have  risen  4'  (from 
17«  54' to  17°  58'),  therefore,  by  proportion,  it  is  found  that  in  2  minutes 
(the  time  elapsed  between  lOh.  22m.  and  lOh.  4m.)  the  star  would  have  risen 
J^  and  the  altitude  would  have  increased  from  17^  54'  to  17^  55':  therefore 
at  the  tone  IQh.  4m.  per  watch,  the  altitude  of  Sirius  must  be  takeo  at  17^  i)5', 
the  altitude  of  Capella  60<^  45',  and  with  these  quantities  considered  as  ob< 
served  at  this  last  mentioned  time  lOh.  4m.  the  calculation  must  be  made  as 
in  FormV. 

There  are  several  advantages  attending  these  two  last  Forms  Y .  VI.  since  lio 
allowance  is  necessary  for  the  change  of  place  of  the  ship;  the  observations 
can  be  immediately  made,  in  a  short  interval  of  fair  weather,  when  the  com- 
mon method  of  double  altitudes  might  fail  fron%the  intervention  of  clouds  -, 
the  time  can  also  be  obtained  at  the  same  operatk)n,  &lc. 

Form  YII. — By  altitudes  of  two  different  objects,  taken  at  different  times. 

This  method  diners  but  very  little  from  the  two  last;  the  altitudes  are  to  bo 
corrected  in  the  same  manner  for  dip  and  refraction,  also  for  parallax  and 
semi-diameter  when  necessary.  The  right  ascension  and  declination  of  eacfi 
object  is  to  be  found  for  the  supposed  time  of  observing  that  object  reduced 
to  the  meridian  of  Greenwich.  Then  the  apparent  elapsed  time  between 
the  observations,  is  to  be  turned  into  sidereal  time,  which  may  be  dpne  with 
sufficient  accuracy  as  in  the  Form  II.  by  adding  one  second  for  every  six  minutes 
of  the  elapsed  time,  the  time  thus  corrected  is  to  be  added  to  the  right  ascen.- 
sioQ  of  the  body  first  observed :  the  difference  between  this  sum  and  the 
right  ascension  of  the  body  last  observed  is  the  hour  angle.*  This,  with  the 
declinations  and  corrected  altitudes,  are  to  be  used  in  finding  the  latitude  by 
the  third  of  the  following  methods  of  calculation,  it  being  very  rarely  the 
case^hat  the  first  or  second  methods  can  be  used  on  apcount  of  the  difier- 
enee  of  the  declinations.  These  three  last  forms,  when  a  fixed  star  or  planets 
is  used,  are  restricted  very  much  from  tiie  want  of  a  good  horizon  in  tlie 
night;  they  are  best  adapted  to  the. morning  and  evening  twilight. 

GENERAL  REMARKS. 

Having  thus  explained  several  of  the  different  y<>rm<  of  making  these  ob- 
servations, and  the  manner  of  finding  in  each  form  the  hour  angle,  the  declvna- 
turns  and  (he  eoftrect  central  altitudes,  we  shall  now  give  three  different  methods 
of  calculating  the  latitude,  and  shall  illustrate  the  rules  by  proper  examples. 
In  thejirstand  second  methods  the  declination  is  supposed  to  be  the  same  at 
both  observations,  which  is  true  as  it  respects  observations  of  a  fixed  star, 
and  is  in  general  sufficiently  co^ect  for  common  observations  of  double  alti- 
tudes of  the  sun.  The  first  of  these  methods  is  direct  and  simple,  not 
embarrassed  with  much  variety  of  cases,  requiring  only  ten  openings  of  the 
Table  XXVII.  without  any  halving  or  doubling  of  the  logarithms,  or  the  use 

*  If  lid*  diflcrence  exceed  12  boars,  subtnct  H  from  24  hours,  uid  use  the  remAinder  as't^T^^^V  ; 
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of  natural  or  versed  shies*  Thid  n^ethod  is  in  fact  nearly,  if  not  fully,  as  short 
as  the  9tc(md  or  approximative  niethod  invented  by  Mr.  Douwes,  and  which 
was  exclusively  used  in  the  former  editions  of  this  work.  This  second,  or 
Douwes'  method,  is  liable  to  the  objection,  that  the  calculation  must  some- 
times be  repeated  several  times  before  a  true  solution  can  be  obtained,  and 
then  it  becomes  extremely  troublesome.  This  difficulty  does  not  occur  in 
the  first  method,  and  on  this  account,  as  well  as  for  its  remarkable  shnpllcity, 
it  is  always  to  be  preferred. 

The  Mrd  method  embraces  the  general  solution  of  the  problem  in  the 
ciise  where  the  variation  of  declination  is  noticed.  This  increases  the  labour 
considerably,  and  renders  the  solution  more  complex  in  its  cases.  It  is,  how- 
ever, believed,  that  this  method  (drawn  up  in  its  present  form  by  the  author 
of  this  work)  will  be  easily  understood  by  navigators,  and  that  they  wJH 
thus  be  enabled  to  determine  the  latitude  with  considerable  accuracy  in  cases 
where  it  might  be  of  the  utmost  importance  to  know  it,  and  whei^  other  me- 
thods could  not  be  resorted  to  on  account  of  bad  weather.  This  method  is 
nearly,  if  not  quite,  as  short  as  that  published  by  Dr.  Brinkley  in  the  Nautical 
Almanac  of  18£5,  and  does  not  require,  like  his  method,  a  second  or  tliird,  or 
even  a  greater  number  of  operations. 

If  the  observer  should  change  his  place  or  station  during  the  elapsed  time 
between  the  observations,  a  correction  must  be  applied  to  one  of  the  altitudes 
on  this  account.  The  manner  of  doing  this  is  shown  in  tlie  following  exam- 
ples V.  and  VL 

It  may  be  observed,  that  in  like  manner  as  there  are  two  latitudes  correS- 
|honding  to  the  mme  meridian  altitude  of  the  sun,  according  as  the  zenith  is 
north  or  south  of  the  sun  when  on  the  meridian ;  so  in  double  altitudes  there 
«re  generally  two  latitudes,  corresponding  to  the  proposed  altitudes,  accord- 
ing as  the  zenith  and  north  pole  are  on  the  same  side  or  on  different  sides  of 
the  arc  or  great  circle  passing  through  the  two  observed  bodies,  or  through  the 
two  places  of  the  same  bc^y ;  and  it  therefore  becomes  necessary  to  notice 
(at  the  tune  of  observatioi^  how  the  zenith  and  north  pole  are  situated 
with  respect  to  this  great  circle. 

To  estimate  the  effect  of  small  errors  in  the  observations, 
When  running  in  with  the  land,  or  crossing  a  dangerous  parallel  with  no 
dther  means  of  obtaining  the  latitude  than  by  double  altitudes,  it  becomes  a 
matter  of  great  importance  to  ascertain  the  possible  error  of  the  latitude  tlius 
computed,  arising  from  supposed  errors  m  the  observed  altitudes,  or  in 
the  elapsed  time.  The  differential  expressions  in  spherical  trigonometry 
afford  methods  of  doing  this,  but  they  are  not  adapted  to  the  nature  of  this 
work,  on  account  of  the  complication  and  variety  of  cases.  The  follow- 
ing method,  though  long,  is  general  and  infallible,  and  was  once  used  by  the 
writer  in  a  case  of  great  anxietf*  and  danger. 

Rule.  After  having  computed  the  latitude  by  either  of  the  three  follow- 
ing methods,  using  the  observed  altitudes*  and  elapsed  time,  repeat  the  opera- 
tion^  varying  the  altitude  you  suspect  may  be  erroneous  by  i'  or  3 ,  (or 
whatever  you  suppose  the  limit  of  the  error  in  that  altitude  may  be)  the  dif- 
'  ference  between  tnis  second  latitude  and  that  first  computed,  is  the  effect  of 
t}ift  supposed  error  in  that  altitude.  If  you  suspect  the  second  altitude  also 
10  be  erroneous,  the  operation  may  be  again  repeated,  varying  this  second 
altitude  3'  or  d'  (or  whatever  the  limit  may  be  supposed^  but  using  the  first 
observed  altitude  and  elapsed  time,  comparing  this  third  computed  latitude 
with  the  firsts  the  difference  is  the  effect  of  this  supposed  error  in  the  second 
altitude.  Finally,  if  the  elapsed  time  is  supposed  to  be  erroneous,  the  opera- 
tion may  be  again  repeated,  using  the  observed  altitudes  and  varying  the 
elapsed  time  by  iO  or  SO  seconds  (or  whatever  the  limit  of  this  error  may  be 
supposed)  the  difference  between  this  fourth  latitude  and  ihsX  first  computed* 
is  the  effect  of  this  supposed  error  of  the  elapsed  time. 
Thus,  suppose  the  first  computed  latitude  was  30°,  the  second  S0<^  1',  the 

MeaaJing  the  obserfcd  oltitiKles,  corrected  as  usual  for  dip,  refraction,  paraUai  aod  8«iDi-di«me(er>  if 
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third  acP  d',  the  fourth  SO^  2'.  The  error  arising  from  the  first  altitude  would 
be  1',  that  from  the  second  altitude  3'  and  that  from  the  elapsed  time  2'. 
If  all  Aese  errors  existed  at  the  same  time,  the  greatest  limit  of  the  error 
would  be  the  sum  of  these  quantities  or  6',  so  that  the  true  latitude  would  be 
30^  +  e'  or  between  29^  54'  and  30^  6'.  In  this  way  the  limit  of  the  error 
may  be  obtained  in  any  case,  and  the  degree  of  confidence  that  may  be  placed 
in  Ute  observation  obtained.  This  examination  is  sometimes  very  necessary', 
because  the  objects  may  be  so  situated,  that  a  small  error  in  the  observations 
might  produce  a  considerable  change  in  the  computed  latitude.  It  may  be 
observed  that  the  error  Of  one  observation  is  frequently  corrected  in  whole 
or  in  part,  by  ^le  error  of  the  other ;  the  one  tending  to  increase  tlic  lati- 
tude, the  other  to  decrease  it. 

To  fold  tW  Latitude  by  DouhU  Altitudes  of  the  Sun  (or  any  other  object) 
ike  declination  being  invariable, 

FIRST  METHOD. 

In  tills  method  tlie  log-sines,  co-sines,  &lc.  of  Table  XXVII.  are  used, 
and  for  brevity  the  word  log.  is  omitted  in  the  rule.  For  the  convenience 
of  writing  down  at  once  in  the  same  line  all  the  logarithms  whicfi  occur  at 
the  same  opening  of  the  book,  they  are  arranged  in  three  columns,  as  in  tlie 
followine  formula,  and  it  will  be  very  convenient  to  have  one  of  these  blanks 
prepared  at  tJie  commencement  of  the  operation,  and  tlien  the  logarithms 
may  be  written  down  in  their  proper  places  with  great  rapidity. 

FORMULA. 
Col.  1.                                 Col.  2.  Col.  3. 

ClapBod  time  (p.  .m]  co-sec. 
DecUnation aec.  • .•«*co-sec. 


A    •• C0-86C. 

i  mlm  alts co-sine 

.idifT.  alts sine 

C* .•••••.sine 


2  [LCM  than  9(P,  north  or  M»iUa  U  ke  bearing; 

d  Zenith.] 
{£  it  Sum  of  B,  Z,  of  «am«  name,  diffcnnix 

if  of  diffcreiU  name.] 


co-siae 

co-sec. 

sec. 

co-sine 

sec. 


B 

. .  co-Bine 

co-sec. 

(D  le«  than  90»,  like 
decLN.orS.} 

Z 

£ 

sine 

Latitude.. 

sine 

Rule.    (Using  TaMeXSYll.) 

i.  Find  the  elapsed  time*  in  column  P.  M.  take  out  the  corresponding 
c6-secant  and  put  it  in  Col.  1. 

£.     Put  the  secant  of  the  declination  in  Col.  1,  its  co-secant  in  Col.  5. 

S.  The  sum  of  the  logarithms  in  Col.  1,  (rejecting  IQ  in  the  index)  is  the 
co-secant  of  the  angle  A,  whose  co-sine  is  to  be  put  in  Col.  2  and  CoL  3.f 

4.  The  sum  of  the  logarithms  in  Col.  3.  (rejecting  10  in  the  index)  is  the  • 
r.O^secant  of  the  angle  B  (less  than  90^)  which  is  to  be  named  wnth  or  south. 
like  the  declination.  * 

5.  Find  half  the  sum  of  the  two  altitudes;  place  its  co-sine  in  Col.  1,  its 
co-secant  in  Col.  %.  Find  also  half  the  difference  of  the  two  altitudes ;  place 
its  sine  in  Col.  1,  its  secant  in  Col.  2. 

6.  The  sum  of  the  three  lower  logarithms  of  Col .  1 .  (rejecting  20  in  the  index) 
is  the  sine  of  the  angle  C,  whose  co-sine  is  to  be  placed  in  Col.  2,  and  Col.  3.f  ^ 

7.  The  sum  of  the  logarithms  in  Col.  2.  (rejecting  SO  in  the  index)  is  the 
secant  of  the  zenith  angle  Z,  which  is  to  be  taken  out  (less  than  90^)  and 
placed  under  B  in  Col.  S,  naming  it  north  if  the  zenith  and  north  pole  be 

^    "any  "«*n*  ol^iect  than  the  wo  u  oli»erv«"d.  Uie  cmrecttd  eiapwd  time  or  ktwrungU^  fooncl  as  bcfurc 
ttaeiit.  Is  to  be  need, 
t  The  eo^oM  of  A  and  0  an  each  written  4iavru  ftwiee,  which  reduces  the  namber  of  logartihiBS  lo 

CaCH  esampM  frOlta  I7tp  15.  uiymzeu  uy  ^>^^y^y<^pLi-s^ 
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situated  on  the  sarne  side  of  the  arch  or  great  circle  passing  through  the  two 
observed  places  (or  objects),  but  south  if  tiie  zenith  and  north  pole  be  situated 
on  different  sides  of  that  great  circle.* 

8.  The  angle  E  is  found  by  taking  the  sum  of  the  angles  B,  Z,  if  they 
are  of  the  same  name,  or  their  difference  if  of  different  names,  marking  E  norths 
or  souths  like  the  greatest  of  the  two  angles  B  or  Z.f 

9.  Put  the  sine  of  E  in  Col.  3.  and  the  sum  of  the  two  last  written  loga- 
rithms of  Col.  3.  (rejecting  10  in  the  index)  is  the  sine  of  the  latitude,  of  Uie  ^ 
same  name  as  E. 

If  the  time  of  observation  were  required,  it  might  be  found  by  the  following 
rule  (still  using  Table  XXVII.) 

Rule.— Ada  the  tangent  of  C  to  the  secant  of  E,  the  sum  (rejecting  10  in 
the  index)  is  the  tangent  of  an  angle.  Take  out  half  the  correspipding  tiiuc 
in  Col.  P.  M.  (or  in  Col.  A.  M.  increased  by  ISt  hours)  and  this  will  represent 
the  horary  distance  of  the  object  from  the  meridian,  (upper  or  lower)  at  the 
middle  time  between  tlie  two  observations.  Take  the  sum  and  difference 
between  this  and  half  the  elapsed  tii^e,  or  hour  angle,  and  they  ^ill  be  the 
,  hours  and  minutes  distance  from  the  meridian  corresponding  to  both  observa* 
tions,  expressed  in  apparent  solar  time  if  the  sun  be  obaerved,  sidereal  time  if 
a  star  is  observed,  he. 

EXAMPLE  I. 

Being  at  sea  in  latitude  46^  30'  N.  by  account  when  the  sun's  declina- 
tion was  11°  IT  N.  at  lOh.  2m.  per  wateh,  in  the  forenoon,  the  sun's  correct 
centra]  altitude  was  46^  55',  and  at  lib.  27m.  per  watch,  in  the  forenoon, 
the  correct  central  altitude  was  54^  9'.     Required  the  true  latitude? 

Subtracting  lOh.  £m.  from  llh.  £7m.  gives  the  elapsed  time  Ih.  25m. 
Col.  1.                                  Col.  2.                      Col.  3. 
j^ap.  time  [p.m.]  lh.25m.  co-sec.  10.73430 
Decliaation  ll^irN.  ..sec.      lO.00£4vS co-scc.  10.70850 


A co-sec.  10.74278 

i|  sum  alts.   50  32 co-sine  9.80320 

i  diff.  alts.     3  37 sine       8.79970 

0 


.sine       9.34568 


2  (ten  thsn  90°  and  M.  or  6.  like  bearing  of  ^^^ 
f^-      Zenitb.1 

[£  Is  mm  of  B,  Z,  if  of  tanu  name,  differtnce 
if  of  different  name.] 


co-sine  9.992781 co-sine  9.99278 


co-sec.  10.11239  B  ll028'N.  co-sec.  10.7012S 
sec.      10.00087 


co-sine  9.93907 


10.09511 


[B  less  Own  90*. 
21.  or  8.  like  dea.] 


.  co-sine  9.98907 


Z36  33  N. 


E48  01 N.  sine...  9.97119 


Latitude  46  27 N.  sine...  9.86026 

If  the  sun  had  passed  the  meridian  to  tiie  north  of  the  observer,  Z  would 
iiave  been  36^  33  S.  and  E.  25^  5'  S.  whose  sme  9.62730  added  to  cos.  C 
8.98907  gives  the  sine  of  the  latitude  9.61637,  corresponding  to  24°  £5'  S. 

In  the  first  case  (in  north  latitude)  the  tangent  of  C  9.35640  added  to  the 
secant  E  10.17463  gives  9.53103,  which,  in  the  tangents,  corresponds  to 
Sh.  SOm.  nearly,  whose  half  Ih.  15m.  is  the  time  of  the  middle  observation 
from  noon;  adding  and  subtracting  half  the  elapsed  time  42m.  dOs.  gives  the 
times  firom  noon  Ih.  57m.  dOs.  and  Oh.  32m.  3Qs.  of  the  observations,  a  small 
difference  would  be  found  if  the  calculation  had  been  made  to  seconds  instead 
of  the  nearest  minute. 

EXAMPLE  II. 

At  sea  in  the  latitude  of  47^  19'  N.  by  account,  when  the  sun's  declination 
was  12^  18'  N.  at  lOh.  24m.  A.  M.  per  watch,  the  sun's  correct  central  alti- 

•  Id  obfierVBtioM  of  the  sun  the  angle  Z  may  in  genrral  he  called  norths  if  tht*  xenitii  be  iwrtA  of  the 
iWi  when  on  tbe  merifltan  at  its  greateat  aititune,  but  aouth  i(  the  zenith  lae  then  louUi  of  Uie  snii. 
When  the  ot^ect  pastes  the  meridian  near  tbe  zenith,  it  nuiy  be  doubtful  wheUier  it  be  tto^tk  or  $mUA^ 
in  which  pane  the  fatitwle  mny  be  computed  upon  both  suppositions,  ami  that  one  selected  whicb  aerees 
best  with  tbe  e^matrd  place  of  the  ship,  and  this  extra  labour  U  ver>'  small.  But  obsenratioui  oo  an 
object  oassing  near  .he  zeoitht  are  liable  to  frreat  errors,  and  bad  better  be  r^ected. 
-JLThls  CAM  is  easily  remembered,  because  $  i«  the  fmx  letter  of  anme  wjd  ww,  aod  d  th«  first  letter  of 
^JreTtnt  nnrt  Mffirrhet.  uiyiuzi3^u  uy  ^^^j  ^<^ '^PS "^^ 
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titde^ras  4^d\  at  Ih.  14in.  P.  M.  per  watch,  his  correct  centra]  altitude  wad 
510  59/.     Required  the  latitude  ? 

Subtracting  lOh.  24m.  from  ih.  Hm.  increased  by  12h.  leaves  the  elapsed 
time  2h.  dOm. 

^             ,       Col.  1.                                    Col.  2.                     Col.  3. 
Ebp.  time  [p.m.]  2h.50m.  co-sec.  10.44077 
DedinationlS^ie'N.  ..sec.      10.01003 co-sec.  0.6727:^ 


A co-jsec.  10.45080 

i  sum.  alts.  50  34 co-stne  9.80290  co-sec.  10.11218 

idiff:alts.     125 sine       8.39310  sec.      10.00013 

C .sine       8.64680 co-sine  9.99958 


Z  [Lest  Uian  90«  and  N.  or  S.  like  beariue  of 

ZeniUiJ 
[E  Js  mm  ofB,  Z,  if  of  samt  name,  dijlrtnee 

If  of  difhrem  name.] 


co-sinc  9.97087 co-sine  9.97087 


sec. 


10.08276 


B  IS^OS'N.co-sec.  10.64359 

•  .^ 

[B  less  than  90«,  nam^d 
N.orS.Ukedecl.] 

co-sine  9-99959 


Z34  16  N. 


E47  24  N. sine...  9.86694 


Lalltude  47  20  N. sine...  9.86652 

If  the  sun  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would 
hare  been  54^  16^  S.  E.  21^  08'  S.  its  sine  9.55695  added  to  cos.  C  9.99058 
gives  9.55653,  the  sine  of  the  latitude  21^  7'  S. 

If  the  observed  object  in  this  example  had  been  a  fixed  star,  with  the  same 
declination  12°  16'  N.  the  same  altitudes  49^  9',  51^  59',  but  the  elapsed 
time  2h.  49m.  S2s.,  the  calculation  would  have  been  exactly  as  above*.  For 
by  adding,  according  to  the  rule  heretofore  given,  one  second  for  every  «ir 
minutes  of  elapsed  time,  which  in  this  case  would  be  28  seconds,  the  corrected 
elapsed  time  would  be2h.  50m.  and  every  part  of  the  work  would  be  as  above. 

If  the  planet  Mars  had  been  observed,  at  the  same  corrected  altitudes,  on 
the  19th  June,  1820,  in  a  place  where  his  declination  at  the  middle  time  be- 
tween the  two  observations  was,  by  the  Nautical  Almanac,  12°  16'  N.  and 
the  elapsed  time  2h.  49m.  46s.  the  calculation  would  still  be  the  same.  For, 
by  the  Nautical  Almanac,  it  appears  that  Mars  passes  the  meridian  on  th& 
19th  and  25th  of  June,  at  4h.  21m.  and  4h.  9m.  <iccelerating  2  minutes  per 
day.  This  being  less  than  the  numbers  in  Table  XXXI.  is  to  be  doubled  (as 
in  note  to  Form  III.)  and  the  elapsed  time  being  found  at  tfie  side,  the  corres- 
ponding correction  28"  halved  and  added  to  the  elapsed  time  2h.  49m.  46s. 
f^ives  the  hour  angle  2h.  50m.  to  be  used  as  above,  all  the  work  being  the  same. 
Proceed  in  like  manner  if  the  moon  was  observed  at  a  time  when  the  declina- 
tion varies  but  little. 

EXAMPLE  III.  ^ 

Beii^  at  sea,  in  latitude  50^  40'  N.  by  account,  when  the  sun's  declination 
was  200  0'  S.  at  lOh.  17m.  A.  M.  per  watch,  the  sun's  correct  central  altitude 
was  found  to  be  17°  IS',  at  Uh.  17m.  per  watch,  the  correct  central  altitude 
was  found  to  be  190  41'.     Required  the  latitude  ? 

Subtractmg  lOh.  I7m.  from  llh.  17m.  gives  the  elapsed  time  Ih. 
CoL.  1.  CoL.  2.  Col.  3. 

Ehp.a  [p.m.]  Ih.  Om.    co-sec.  10.88430 
BccHnttion  20^  C  S.      sec.  . .  10.03701 


^ ; co-sec.  10.91131 

i  sum  alts.  18  27  ...  co-sine  9.97708 
idi£alts.    1    14  ....sine..    8.33292 

^ sine*.    9.22131 


Z  [Lew  than  90«  and  N.  or  S.  Uke  bearing 
ofZ^Blth.!  ^, 

IE  amn  of  B,  Z,  of  imttt  iiamt,dijcnnce  of 
•S^ireirf  name.) 


co-sine  9.99670 

co-sec.  10.49966 

sec.  ..  10.00010 

co-sine  9.99390 

sec  ..  10.49036 


6  20^10^8.  00-800.10.46265 


.  co-sec.  10.4659^ 
.co-sine  9.9967d 


[B  less  tbsn  90«  named 

N.  orS.llked«>c.] 

...  co-sine   9.99399 


Z  71      8  N. 


E50    58  N.  sin».. ^9.89030 
LatititacSO  00  N,  sine..  %^^0 

uiyiuzi3^u  uy  ■XwJ  v^  v_y pt  iv- 
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If  the  sun  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would 
have  bficn  71^  08'  S.  and  E   91^  18'  S.  whose  sine  9.99989  added  to  9.99590 
gives  the  sine  of  tlie  latitude  9.99379,  corresponding  to  80^  20'  S. 
EXAMPLE  IV. 

Being  at  sea  in  the  latitude  of  60^  0'  N-  by  account,  when  the  sun  was  oil 
the  equator  (or  had  no  declination)  at  Ih.  Om.  P.  M.  per  watch,  his  correct 
central  altitude  was  280  53',  and  at  3h.  Om.  P.  M.  per  watch,  the  correct  cen- 
tral altitude  was  20°  43'.     Required  the  true  latitude? 


Col.  1. 

Elap.  time  (p.  m.]  2h.  Om.  co-sec.  10.53700 
Declination  0 .•. aec.  10.00000 


A 30°   O'  co-sec.  10.58700 

j  sum.  alts.  ..  24   47^  co-sine   9.95801 
Jdiff.  alts.  ...    4     5^  sine..    8.85340 

e 


sine  . 


9.39S41 


Col.  2. 


co-sine  9.98494 
co-set.  10.37745 
sec...  10.00110 
co-sine    9.98594 


Col.  3. 

[co-sec.  lnfciMU,\ 

[eo-sinc  9.984941 


B  0^  O'    [co-sec.  /n/&id«.) 


IB  Ins  than  OO^  samed  N.  cr  6. 
like  dec] 

co-sine    9.98594 


10.34943  Z  63°  26' N. 


£63   26  N.  sine    9.95154 


Z  [less  than  90",  and  N.  ocS.  like  bearing  ot  set 

Zenith] 
[E  is  mm  of  B,  Z,  if  of  «ame  name,  dijperencel 

oidiff'.  name.]  «„___  ^ 

Latitude  59  59  N.  sine  9.9374S 
The  calculations  would  have  been  the  same  for  south  latitude,  which  would 
be  59^  50^  S.  The  computation  of  A  and  B  mieht  have  been  dispensed  with, 
for  when  the  declination  is  nothing,  B  is  nothing,  and  A  is  equal  to  the 
elapsed  time  2h.  turned  into  degrees  by  Table  XXI.  being  in  this  example  30° ; 
in  this  case  all  the  terms  included  between  the  brackets  [  ]  might  be  omitted. 
In  the  preceding  examples  both  altitudes  were  supposed  to  be  taken  at  the 
same  place  or  station ;  but  as  that  is  seldom  the  case  at  sea,  the  necessary 
correction  for  any  change  of  place  must  be  made  in  the  following  manner. 

Let  the  bearing  of  the  sun  be  observed  by  the  compass  at  the  instant  of  the 
first  observation ;  take  the  number  of  points  betiveen  that  bearing  and  the 
ship's  course,  corrected  for  lee-way,  if  she  makes  any ;  with  which,  if  IcSa 
than  eight,  or  with  what  it  wants  of  16  points,  if  more  than  eight,  enter  the 
traverse  table,  and  take  out  the  difference  of  latitude  corresponding  to  the 
distance  run  between  the  observations.  Add  this  difference  of  latitude  to  the 
first  altitude,  if  the  number  of  points  between  the  sun's  bearing  and  the  ship's 
course  were  less  than  eight ;  but  vubtract  the  difference  of  latitude  from  the 
first  altitude,  if  the  number  of  points  were  more  than  eight,  and  that  altitude 
will  be  reduced  to  what  it  would  have  been  if  observed  at  the  same  placfe 
where  the  second  was.*  This  corrected  altitude  is  to  be  used  with  the  second 
observed  altitude  in  finding  tlie  latitude  by  the  above  rule.  The  latitude  re> 
suiting,  will  be  that  of  the  ship  at  the  time  of  taking  the  second  altitude,  and 
must  be  reduced  to  noon  by  means  of  the  log. 

EXAJMPLE  V. 
In  a  ship  running  N.  by  £.  $  £.  per  compass,  at  the  rate  of  9  knots  per 
hour,  at  lOh.  Om.  A.  M.  per  watch,  the  sun's  correct  central  altitude  was 
found  to  be  13^  18'  bearing  S.  |  E  by  compass,  and  at  Ih.  40m.  P-  M.  per 
watch,  the  sun's  central  altitude  was  found  to  be  14°  15',  tiie  latitude  by  ac- 
count being  49^  17'  N.  and  the  sun's  declination  23^  28'  S.  Required  the 
tme  latitude  ?  * 

*  Tills  is  the  only  correciion  necessary  lo  niakc  full  allowance  fur  Uie  run  of  th»  «hip;  and  (he 
unexp<<rieiiced  calculator  must  take  car«>  not  to  fail  into  the  error  of  applying  a  correction  to  the 
UHqaed  tune,  as  is  directed  in  several  work^  of  note,  partirularly  in  the  "  tuntfitU  Ifamfoiar^  by  Pr. 
-Macka- .  This  will  app^r  evident  by  fcU})|>osing  in  the  above  Example  V.  that  a^accond  ohaerver,  with 
a  waich  reeulaied  exactly  like  that  used  by  the  first,  was  at  res*  at  ilie  place  of  Uia  second  obsvrnrtioa. 
Then  at  the  fint  observation  at  the  aamt  tnontcDf  of  time  by  hntk  vidfhes,  the  first  obacrver  wo«ld  find  the 
sun's  aliiittde  tS*"  18',  and  (he  second  observer  i2o  49'.  At  the  second  observation  Iha  timet  and  alUtades 
would  lie  o/tic,  so  that  the  elnjised  tinie  found  by  both  observers  would  be  the  aame,  and  the  obflemclons 
would  require  no  correction,  except  what  arises  from  reducing  the  altitude  froin  I3«  18'  to  I2*>  fd^jliecmtse 
XhK  KcoQ<i  obi«i>rer  U  suppoiicil  to  be  at  rest,  and  bts  obRTvaBdu  requires  no  cofKCiiuB. 

uiyiLizi3^u  uy  ■v^j  v^ v_>' pc  in^ 
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The  correction  to  Hie  first  altitude. 
The  time  elapsed  between  the  observations  was  9h.  40m.  and  in  that  time 
the  ship  sailed  33  miles  upon  the  course  N.  by  £.  |  E.  which  makes  an  angle 
of  13^  points  with  the  sun^s  bearing  at  the  first  observation  S.  }  E.  the  com* 
plement  of  which  to  16  points  is  2i  points.  Now  in  Table  L  the  course  Sti 
points,  and  distance  33m.  give  29  miles  dilTerence  of  latitude,  which  must  be 
subtracted  from  the  first  altitude  13^  18'  because  the  ship  sailed  above  8 , 
points  from  the  sun ;  therefore  tlie  fir^  altitude  corrected  will  be  1£0  49', 
which  must  be  used  in  the  rest  of  the  work. 

Coi..  1.  Col.  2.       I  Col.  3. 

Elap.  time  [p.m.]  3h.'40m.  co-sec.  10.33559 

Deelination    33^28^3.    sec.  ..10.03749 co.sec.  10.3998d 

A co-sec.  10.37308  co-sine   9.95704 co-sine  9.95704 


^  sum  alts. 

i  diff.  alts. 

C 


13    32 
0    43 


co.sme  9.* 
sine..   8.09718 
.  sine 


98777  co-sec. 


8.45803 


10.63076  B  26°  OS'S,  co^sec.  10.35692 

lo.oooosi 


[B  less  than  90«  and  nnmed 
N.  or  B.  Hke  dedioatioii.] 
co-sine  9.999881 co-sine  9.99982 


Z  sec.  10.5876512  75    01  N. 

£48    56  N.  sine..  9.87734 
Latitude     48    54  N.  sine  ..  9.87716 


Z  rLessihao^CP  ami  X.or  8.  like  bearing  of 

\Z  is  fluH  of  B,  Z,  If  of  utrnc  name,  diffcrtnct  if 
of  d^xrtnt  name.] 

If  the  sun  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would 
have  been  75^  01'  S.  and  E  101©  06'  S.  whose  sine  9.9ftl80  added  to  9.99982 
gives  the  sine  of  the  latitude  9.99162  corresponding  to  ts^  47'  S. 

EXAMPLE  VI. 

Sailing N.  E-  i  E.  by  conipass, at  the  rate  of  9 knots  an  hour,  at  Oil.  Si'  40' 
P.  M-  per  watch,  the  altitude  of  the  sun's  lower  limb,  was  28°  20'  above 
the  horizon  of  the  sea,  the  eye  being  elevated  20  feet  above  the  surface  of 
the  water,  and  the  sun's  bearing  by  compass  S.  by  W.  and  at  2h.  58m.  2Q8. 
P-  M.  by  watch,  the  altitude  of  the  sun's  lower  limb  was  16^  41'  above  the 
horizon,  the  eye  being  elevated  as  before,  the  latitude  by  account,  atth^  time 
of  the  last  observation,  48°  0'  north,  and  the  declination  13°  17' south.  Re- 
quired the  true  latitude  at  taking  the  last  observation? 

The  correction  of  these  altitudes  for  semi-diameter,  parallax  and  dip,  was- 
12  Diiles  additive,  which  makes  them  28°  32'  and  16<^  53';  the  refraction 
corresponding  to  the  first  was  2  miles,  and  for  the  second  3  miles,  by  sub- 
tracting whidh  we  have  the  true  central  altitudes  28°  30'  and  16°  50'.  Now 
the  elapsed  time  between  the  observations  was  2h.  26m.  40s.  during  which, 
the  ship  sailed  22  miles  (at  9  miles  per  hour)  m  the  direction  of  N.  E.  |  E. 
per  compass,  th?  bearing  of  the  sun  at  the  first  observation  S.  by  W.  l^ing 
12^  points  distant  from  the  ship's  course,  and  as  12^  points  want  3j|  of  16 
points,  I  enter  Table  I.  and  find  the  course  3|  points  and  distance  22,  corres- 
ponding to  which  in  the  latitude  column  is  17  miles,  which  subtracted  from 
the  first  altitude  28°  30'  leaves  the  corrected  first  altitude  28°  13';  with^this 
flod  (he  second  altitude  16°  50',  I  calculate  the  latitude  in  the  following  manner  i 


Col.  1. 

tltp.tL  [F.M.]  2h.26'40"co-scc.  10.50232 
Dwdfatttioii     I3^17'S.    sec.  ..  10.01178 


A co-see.  10. 

^somalts.     22    31  j   ..co-sine   9.96.553 
idiff.alts.       o    41;!   ..sine        8.99643 

C 


Z  [lea  ilHi^fla«,  ami  K.  «rS.  like  beat  in^  of 

Zeatth.] 
\%  {»  MRi  of  B,  Z,  Ifof  «tfnw  oaioe,  diffknntt  il 

tUL^ff.  name.] 


.  Col.  2. 


5l410jco.sine  9.97861 

ca-sec.  10.41670 

sec.      10.00215 

sine       9.47603  co-sinc  9.97962 


Zsee.  10.37708  Z  65  11  N. 


CoL.  3. 


co-sec  10.63871 

co-sine  9.97861 
B 13°  58'^  S.  co-sec  10.61732 

[B  Jen  than  90",  and  namml 
N.orS.Ukedecl.] 

co-sine  9.97962 


£51 


13^  N.  sine       9.89183- 

Latitude    48  03  N.  sine       9.87l4d 


If  the  sun  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would 
have  been  65^  ir  S.  and  E  79^  09'  S.  whose  sine  9.09217  added  to  co-sine 
**i  C  9.97902  dvcs  the  sine  of  the  latitude  9.97179,  corresponding  to  69^  .34'  Sv 

U 

uiyiLizt;u  uy  ^^.j  v_/ v^ pc  iv^ 
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EXAMPLE  VII — (Same,  as  Dr.  BnnTcley's  Nautical  Almanac  for  1800. J 
The  latitude  by  account  6*^  30'  N.  sun's  declinatian  5°  80'  N.  the  siAi^s 
correct  central  altitudes  were  found  to  be  35^  21'  and  70^  01',  with  an  elapsed 
time  between  the  observations  of  2h.  20'.  Required  the  latitude,  the  sun 
passing  the  meridian  south  of  the  observer  ?  , 

Elap.  time  [p.m.]  2h.  20ra.  eo-seo- 10.52186 
Declination    5°  30'  N.     sec.  ..  10.00200 


A co-scc.  10.52386 


co-ainc    9.97962 


^somalts.  52    41  ....  co-sine   9. 7S263 co-sec.  10.09947 


Adiff.  alts.    17    20  ....sine..    9.47411 


C sine..    9.78060 


Z  [Lesft  Umn  00%  and  N.  or  6.  like  bearing  of  Z   see.  10.00097 

Zenith.] 
•     [E  is  turn  of  B,  Z, if  of  same  name,  diffctcnM  if 

of  ajf.  name.]  ' 


sec.  ..  10.02018 
co-sine   9.90170 


co-sec.  11.01343 

co-sine  9.97962 

B   50  46'N.  co-scc.  10L99S05 

[B  ten  tbnn  90<',  Damed 

N.orS.  like  dec] 

co-sine  9.90170 


Z   3   SON. 

E   9  36  N. sine..    9.22211 


Latitude       7  38  N. sine..    9.123S1 

If  the  sun  had  passed  to  tlic  meridian  fwr«/t  of  the  observer,  Z  would  have 
been  S^  50'  S.  and  E  =  lo  56  N.  whose  sine  8.52810  added  to  the  co-sine  of 
C  9.90170  is  €.42980,  which  is  the  sine  of  the  other  latitude  l^*  32'  N.  so  that 
in  this  example  both  latitudes  are  north, 

SECOND  METHOD 

f>f  finding  the  latitude  by  d^ubh  altitudes  of  the  sun,  when  the  variation  of 

declination  is  neglected. 

This  method  of  findinj;  the  latitude  depends  on  a  set  of  tables,  marked 
XXIII.  in  this  collection,  first  prepared  by  Mr.  Douwes,  containing  three 
logaritiims  titled  Half  Elapsed  time.  Middle  time,  and  Log.  rising.  The  two 
former  are  arranged  together  as  far  as  six  hours,  the  latter  is  placed  at  the 
end  of  the  table,  and  is  extended  in  the  present  edition  as  far  as  12  hours. 
The  table  with  the  proper  title  must  be  entered  at  the  top  witli  the  hour,  at  the 
side  with  the  minute,  and  in  the  Qolumn  marked  at  the  top  with  the  seconds, 
llie  corresponding  number  will  be  the  sought  logarithm,  to  which  must  be 
prefixed  the  index  of  the  log.  under  0"  in  tlie  same  hori5fiontal  line.  Thus 
to  the  time  3h.  52'  10"  correspond  the  log,  half-elapsed  time  0.07138,  log. 
middle  tune  5.22965,  and  log.  rising  4.67274.  In  general  it  will  be  sufficient- 
ly exact  to  take  these  logarithms  to  the  nearest  10  seconds,  particularly 
when  the  sun's  zenith  distance  is  great ;  but  if  the  log.  to  the  nearest  second 
is  required,  it  may  be  found  by  taking  the  difference  of.tlic  tabular  logarithms 
corresponding  to  the  next  greater  and  next  less  time,  and  saying  as  10"  is  to 
that  difference,,  so  are  the  odd  secdnds  of  time  to  the  correction  of  the  first 
tabular  logarithm,  additive,  if  increasing,  subtractive,  if  decJ^asing.  Thus  if 
the  log.  i  El.  tune  corresponding. to  3h.  52'  1 8"  were  required ;  the  logs,  cor- 
responding to  3h.  52'  10"  and  Sh.  52'  20"  are  0.07138  and  0.07119,  whose 
dilerence  is  19,  then  10"  :  19  ::  8"  :  15.— This  subtracted  from  0.07138  leaves 
0.07123,  the  sought  logarithm.  By  inverting  the  process  we  may  find  the 
nearest  second  corresponding  to  any  given  loji^arithm.  We  shall  now  give 
the  rule  for  calculating  the  latitude  adapted  to  double  altitudes  of  the  sun. 

feULE. 

To  the  log.  seiant  of  the  latitude  by  account  (Table  XXVH.)  add  the  lo"'- 
,  secant  of  the  sun's  dechnation  (Table  XXVH.)  rejecting  10  in  each  index, 
the  sum  is  to  be  called  the  log.  ratio. 

From  the  natural  sine  of  the  greatest  altitude  (Table  XXIV.)  subtract  the 
natural  sine  of  the  least  altitude  (Table  XXIV.)  find  the  logaririira*  of  their 
difference  (m  Table  XXVI.)  and  place  it  under  the  log.  ratio. 

Subtract  thfe  time  of  taking  the  first  observation  from  the  time  of  taking 
the  second,  havmg  previously  increased  the  latter  by  12  hours  when  the  ob- 
servations are  on  different  sides  of  noon  by  tlie  watch ;  take  half  the  remain- 
der, which  call  half  the  elapsed  time. 

Witii  half  the  elapsed  time  enter  Table  XXIII.  and  from  the  column  ef 
half  elapsed  tune  take  out  the  logarithm  answering  thereto,  and  write  it  un- 
der  the  log,  ratjo^^ 

cerilr«l^tod«^  iw17thi^,n.v2  T^^^^  ''^'«"''^«'.  t^«t  the  nlUtudes  to  b^  u«Ki  ai«  the  correct 
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Add  these  three  logarithms  together,  and  i^  ilh  their  sum  iMiter  Table  XXIIL 
ill  the  column  of  middle  time,  where,  raying  found  the  logarithm  nearest 
thereto,  take  out  the  time  corresponding,'  and  put  it  under  lialf  the  ela])sed 
time.  The  diiference  between  these  times  will  be  the  time  from  noon  wheo 
the  greater  altitude  was  taken. 

With  this  time  enter  Table  XXIIK  and  from  the  column  of  log.  rising, 
take  out  the  logarithm  corresponding,  from  which  logarithm  subtract  the 
log.  ratio,  the  remainder  will  he  the  logarithm  of  a  natural  number,  which 
being  found  in  Table  XX VL*  and  added  to  the  natural  sine  of  the  greater 
altitude,  will  give  the  natural  co-sine  of  the  sun^s  meridian  zenith  distance, 
which  may  be  found  in  TaMe  XXIV.  Hence  the  latitude  may  be  obtained 
by  the  rules  of  page  ISl . 

NOTES. 

1.  If  this  computed  latitude  should  difier  considerably  from  the  latitude  by.account,  it  will 
be  proper  to  repeat  tlie  operation,  usin^  the  latitude  last  found  instead  of  the  latitude  by  ac- 
count, till  the  result  gives  a  latitude  nearly  agreeing  with  the  latitude  used  in  tbecomputatioo. 

3.  This  method  is  best  suited  to  situations  where  the  sun's  meridian  zenith  distance 
is  not  much  leas  than  half  the  latitude ;  for  iu  latitudes  where  the  sun  approaches  near 
Co  the  xanith,  the  observations  must  be  taken  much  nearer  to  noon  :  and  the  preceding 
rule,  instead  of  approximating,  will  in  some  cases  give  the  results  of  successive  opera- 
tions, wider  and  wider  from  the  truth.  To  remedy  this  ditHouUy,  a  set  of  tables  was 
published  by  Dr.  Brinkley,  at  the  end  of  the  Nautical  Almanac  for  1799 ;  but  the  great 
variety  of  cases  incident  to  his  method  will  hinder  it  from  being  generally  used.  Iiwtetd 
of  Dr.  Brinkley's  method,  wc  may  generally  use  the  method  of  arithmetical  computa- 
tion, called  Double  Post/ton,  which  will  frequently  give,  in  a  more  simple  manner,  the  r»> 
quired  latitude,  as  will  be  shown  in  Rxampic  X.  and  in  f^eneral  it  may  be  observed,  that 
where  Douwes*  rule  docs  not  approximate,  the  object  is  most  commonly  so  situated,  at 
not  to  furnish  the  necessary  obscrNations  to  o))tain  a  correct  latitude,  whatever  method  ot 
(omputation  might  be  used. 

3.  The  operation  is  the  same  whether  the  sun  has  north  or  south  declination ;  and 
also  whether  the  ship  is  in  north  or  south  latitude.  When  the  sun  has  no  declination,  the 
log.  secant  of  the  latitude  (rejecting  10  in  the  index)  will  be  the  log.  ratio :  and  when  the 
latitude  by  account  is  nothing,  the  secant  of  the  declination  (rejecting  10  in  the  index) 
will  be  the  log.  ratio.  This  rule,  as  well  as  the  former,  is  founded  on  the  supposition  (hat 
the  declination  is  taken  for  the  middle  time  between  the  observations,  and  that  it  ices  not 
vary  during  the  elapsed  time,  which,  however,  rarely  happens,  and  a  correction  ought  to 
be  applied  to  the  latitude  on  this  aecount,  but  this  correction  is  generally  smaU,and  if  it 
us  large,  the  third  method  must  be  used,  or  the  new  method  in  the  Appendix  of  this  worL 

EXAJVfPLE  Vlll.'-( Same  as  Example  L  preceding.) 
Being  at  sea  in  latitude  46^  SO'  N.  by  account,  when  the  sun's  declination 
was  11^  17'  N.  at  lOh.  2m.  in  the  forenoon,  the  sun's  correct  central  altitude 
was  46'^  55',  and  at  llh.  27m.  in  the  forenoon,  his  correct  central  altitude 
was  54^  0'.  Requbed  the  trite  latitmlc,  and  true  time  of  the  day  when  the 
greater  altitude  was  taken  ? 
Times. 

H.  M.  s.        Alt.                Nat.  Si.     Lat.  by  ace.  ...  46°  SC  Sec.  0.16219 
2ob9.  1127    0    64^    9^  31055      Dec U     17  Sec.  0.00848 

lobfl.  10    2    0    46    55  73036      Log.ratio.; 0.17067 

Etep.  time       125    0    DiC  Nat.  Sines    8019     Log.  Diflf.  Nat.  Sines 3.90412 

ft  Elap.  tune   0  42  30  Log.  ^  Elap.timo 0.73429 

IJ.    M.    fl.  ■ 

Middle  time  1  15  10  4.80908 

i  EUip.  time  42  30  ■ 

2  Obs.  from  noon         0  32  40    Its  log.  risin"^  3.00608 

Log.  ratio  sub.  0.17067 

Nat.  numb.  685  corresponding  to  log.     9.83541 

Nat.  sine  greatest  alt.  81055 

Sum  is  nat.  co-sine  ©'s  zen.  dist.  81740  equal  to  35^  10*  N. 
0*s  declination 11     17  N. 

Latitude  in •-."•• \^^    VI  ^-  •,    . 

S"  Ttfaing  as  M»ual  a  numb^roT  HgiirDi  eqtml  \»  the  ind«x  of  thai  luffftriUiiu  Uicmuctl  by  anjiy. -^"71!-  - 
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The  latitude  46^  27'  differing  only  3'  from  the  latitude  by  account,  may 
be  assiuned  as  the  true  latitude. 

By  means  of  the  time  of  the  second  observation  from  noon  above  found 
8£'  40",  the  error  of  the  watch  may  be  found ;  for  in  the  present  example^ 
by  subtracting  32'  40"  from  12h.  we  have  the  time  of  the  second  observa- 
tion llh.  27'  20" ;  but  the  time  of  the  watch  was  llh.  27'  0" ;  therefore  the 
watch  was  20  seconds  too  slow ;  a  small  difference  would  be  found  in  these 
numbers,  if  we  were  to  proportion  the  logarithms  of  Tab.  XXIII.  to  se<- 
conds.  In  the  same  manner  the  error  of  the  watch  may  be  found  in  the 
following  examples.* 

EXAMPLE  IX,—(SaTne  as  Example  F,  before  gfiven*) 

In  this  example  the  latitude  by  account  was  49^  17'  N.  The  sun's  decli- 
nation 23O  28'  S.  The  first  altitude  corrected  as  before  taught  12°  49',  the 
second  altitude  14^  15'.     From  wliich  the  true  latitude  is  required? 

H.  M.   s.  Alt.      Nat.  SL  Lat.  by  ace.  49°  17'       Sec.  0.18554 

SObaigr.        13  40    0        14"^  16'=:24615    DedinaUon  23    28        Sec.  0.03749 

1  Obacr.        10%  0    0        12    49=22183 


Log.  ratio 0.22303 

£lap.ti]iie       3  40   0  DlfT.  nat.  si.    2432    Its.  log. S.38596 

i£iap.t]me    150    0   ;  It<  log. 0.33559 

0  1010  Time  corresponding  to 3.94458 


i  39  50  Its  log.  in  col.  of  rising  is 3.97028 

Log.  ratio 0.2230:t 

5588       Nat.  number  of • ....  log.   3.747^5 

24615 

Nat.  cosine  ©'s  mef.  zcn.dist.  30203  =  72°  25'  N. 
Declination  23   28  S. 

Latitude .^ 48    57  N. 

But  as  the  latitude  by  computation  differs  considerably  from  that  by  ac; 
count,  the  work  must  be  repeated. 

Lat.  last  found        46°  57'     Sec  0.18262 
Declination  23    28      Sec.  0.03749 


t<! 


iddle  time  0   lOx  0 


Tiijoe  from  noon    1    40   0 


Log.  ratio 0.22011 

H.  M.    9.                           Dili'.  N.  sine  2432           Its  log.  3.385% 

Elapsed  time       1    50   0                                                                  Its  log.  0.33559 

Its  log. 3.94166 

I  ts  log.  in  col.  of  rising 3.971 70 

Log.  rati6 0.22011 

56 14  Nat.  number  of                           log.  3.751 59 
24615 

30259  ^at.  cos.  mer.  zcn.  distance 72°  2y  N. 

Declination  23  28  §. 


True  latitude 48    55  N. 

This  latitude,  differing  only  two  miles  from  that  used  in  the  computatioo, 
may  be  depended  upon  as  the  true  latitude  of  the  ship  at  the  time  of  the  se- 
cond observation.  If  the  first  altitude  had  not  been  corrected,  the  computed 
latitude  Would  have  been  found =48^  40'  N# 

*  When  the  middle  Ume  is  greater  than  hair  tiie  elapsed  time,  ImUi  otwenraOons  are  on  Uie  same  ttd«y 
of  the  aeeidian ;  otherwise,  on  dtilWem  sUiesi  whence  it  if  tMWg  to  determine  whedier  the  greater  a1ti« 
4«itf«  be  ohi^rved  before  or  wgt  nuoii. 

uiyiLizeu  uy  ■v.j  v_/ v^ pc  ix^ 


Lata.  Brrors.  Producta. 
e^dOf  X  106  =  876°  16' 
8    16   X    66  =  429    00 
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EXAMPLE  X.'^Sam  as'ExampU  VIL  before  given.) 

The  latitude  by  account  6^  SO'  N.  sun's  declination  5^  dO'  N.  the  sun's 
correct  central  altitudes  35°  21'  and  70"^  01',  elapsed  time  2h.  SO'  are  given 
to  find  the  true  latitude. 

Making  the  calculations  with  the  latitude  by  account  6^  30',  the  computed 
latitude' by  Ihe  irst  operation  will  be  8^  17'.  Repeating  the  operation  with 
the  latitude  8^  17',  the  second  operation  will  give  7°  10'.*  This  must  be 
used  for  a  third  operation,  and  by  repeatiiig  the  calculation  accurately  to  se- 
conds, it  will  recjuire  more  than  a  dozen  operations  to  obtain  the  true  lati- 
tude 70  38',  which  was  found  by  the  first  method  by  a  single  operation. 
Dr.  Brinklev  made  the  latitude  7^  so'  differing  8'  from  a  strict  calculation 
by  spherical  trigonometry.  The  detail  of  this  calculation  is  not  here  given, 
but  is  left  to  exercise  the  learner.  The  object  of  the  pt-esent  example  is  to 
shew  how  the  number  of  operations  might  be  decreased  by  the  arithmetical 
method  of  double  position  before  mentioned. 
Take  the  error  or  difference  between  the 
first  assumed  latitude  6<^  30'  and  the  first  com- 
puted latitude  8^  le'  equal  to  106' ;  also  the 
error  or  difference  between  the  second  as- 
sumed latitude  8^  le'  and  second  computed 172     )1305   16(7035 

latitude  7^  lO'  which  is  66'.  Multiply  them  crosswise  as  in  the  adjoined 
scheme,  according  to  the  usual  rule  of  doubU  posUion^]  dividing  the  sum  of 
the  products  1305^  16'  by  the  sum  of  the  errors  17£,  gives  the  corrected, 
latitude  7^  35'  N.  The  sum.  of  the  products  was  taken  in  this  case,  because 
6ne  of  the  assumed  latitudes  was  greater  and  the  other  less  than  its  corres- 
ponding computed  latitude.  If  both  computed  latitudes  had  been  greater  or 
both  kss  than  the  corresponding  assumed  latitudes,  the  differences  of  iha 
errors  and  of  the  products  ought  to  have  been  taken.  It  will  rarely  happen 
that  more  than  one  process  of  tills  kind  will  be  required  to  give  a  correct  re- 
sult In  the  present  instance,  however,  it  will  be  necessary ;  for,  by  repeat- 
ing the  operation  with  the  assumed  latitude  7^  35',  the  resulting  computed 
latitude  is  7^  41^',  and  the  third  error  6^'.  Repeating  anew  the  computation, 
with  this  and  the  second  latitude  8^  16'  and  second  error  66',  tlie  resulting 
latitude  b  7^  38',  the  same  as  was  found  by  the  direct  computation  by  the 
first  method,  and  as  accurately  as  could  be  obtained  by  repeating  the  opera-  « 
tioDs  about  fourteen  times  by  the  second  method. 

In  general,  when  such  a  large  number  of  operations  are  required  to  pro- 
duce a  correct  re%ult,  it  is  a  sure  proof  that  the  situation  of  the  objeet  is  not 
well  adapted  to  obtain  an  accurate  latitude,  and  it  would  be  lost  labour,  and 
lead  to  great  mistakes  to  attempt  it.  Thus,  in  the  present  example^  if  the 
greatest  altitude  had  been  decreased  only  U'  4<2",  making  it  690  43'  13", 
leaving  unaltered  the  othej  altitude  35^  21  and  the  inter\'al  2h.  £0m.  the  lati- 
tude of  the  place  of  observation  would  be  0,  or  under  the  equator,  as  is  easily 
proved  by  computing  the  altitudes  of  the  sun  for  the  times  Ih.  17m.  50s.8 
and  3h.  37m.  50s.8,  under  the  equator  when  the  declination  is  5^  30'  N.  by 
the  rules  hereafter  given.  Hence  it  appears  that  a  change  of  12'  43"  in  th» 
greatest  altitude,  would  alter  the  computed  latitude  from  7^  38'  to  0^, 
which  makes  an  error  of  one  degree  of  latitude  for  an  error  of  1)  miles  in 
that  altitude,  and  as  errors  in  the  altitudes  of  this  magnitude  ace  easily  com- 
mitted at  sea,  even  by  very  ^ood  observers,  it  shows  very  clearly  the  defect 
of  the  method  of  double  latitudes  when  the  sun  approaches  near  to  the  ze- 
nith. Thi9  does  not  arise  from  any  defect  of  the  method  of  computation, 
but  b  an  inherent  defect  of  the  method  itself,  which  no  process  of  spherics 
can  remedy,  and  there  is  no  other  resource  left,  in  such  cases,  than  to  make 
uie  of  another  object  to  determine  the  latitude. 

*  Sliffat  dUl^reneet  wlU  be  foond  in  tlMse  ealeuladonf  t>]r  usln;  logaritfami  to  seven  places  of  figures 
ABd  ■^n^Tif  the  calcnkitkMi  efccvratelr  to  seconds.  ' 

*■  irtfteBsgrees  cf  boUi  httnides  are  altke,  the  mfaiutes  only  m^  Oe  ratained  in  ibae  nuiltI|difKt7bb«. 

t 
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THIRD  METHOD. 

To  find  tlie  latitude  by  double  altitudes  of  the  same  or  different  objects^  the  decUr 
nations  lleing  different,     [See  Appendix  to  this  worh] 

This  method,  like  the  firsts  requires  only  the  use  of  Table  XXVII.  In  this 
mile  the  words  sine,  co-sioe,  kc.  are  wntten  for  log.  sine,  log.  co-sine,  &z.c. 
The  logarithms  are  arranged  in  these  columns  as  m  the  first  method,  ac- 
cording to  the  following  formula,  which  ought  to  be  written  down  before 
the  calculation  is  conunenced ;  this  will  simplify  the  operation,  and  may 
prevent  mistakes.  In  this  formula  it  is  said  that  C  is  of  the  same  affection 
as  B,  the  meaning  of  which  is,  that  if  B  is  less  than  90^,  C  also  is  less  than 
90^;  and  if  B  is  greater  than  90*^,  C  also  is  greater  than  9(P,  Likewise  A 
19  of  the  same  affection  as  the  hour  angle,  meaning  that  if  the  hour  angle  is 
less  thsin  6  hours  or  90°,  A  will  be  less  than  90<-'; 


rxcetd  6  hours,  the  angle  A  will  exceed  90^. 


and  if  the  hour  angle 


*  Col.  1. 
Hour  ansle  H  [       P.  M.J  . .  we. 
XleclL4i[Ntgr.iaa]                ton. 

FORMULA. 

001.9. 
•  .laa. 

..     cln* 

A[iaiDe  aff*.  asH-lcO'sec 

MWltlMk 

A[dli'.nainefroind.]               (an. 

.  .online 

I>.Dec.[Htlt.alL] 
B 

G  . . .  . 

eaiCasB]  co-fine 
sine 

F 
Z 

G 

oo4an. 

[Flen.90*,dir. 
namefromU] 

t  oast  altiliKto  r « ^       ■               spc. 

.......  co-t 

.  sino 

I 

Dec.D 

K 

tan. 
[at  least 

[I  less  90" 
i  named 

Greatest  ahituile 

1  see. 

line 

Sum,  3  last  num. 

4  Sttin      ......                co-lino 

Oi.] 

I  S.— gr4ilt.=Rem.                 sine 

Latitud 

e 

.sine 

Sum  of  4  logs.                             2) 

4  Z sine 

Z  [named  N.  or  S.  like  bearing  of  Zeuiili.j' 

In  some  late  works  on  Navigation,  no  notice  is  taken  of  the  cases  where 
the  hour  angle  exceeds  90^,  or  the  distance  of  the  objects  exceeds  90°,  and 
on  that  account  the  rules  appear  less  subject  to  different  cases  than  the  fol- 
lowing rule,  which  embraces  all  possible  cases,  and  the  apparent  simplicity 
of  the  rules  referred  to,  arises  from  their  imperfections  and  incompleteness. 

RULE. 

1.  Find  the  hour  angle  H,*  and  take  out  the  corresjjonding  secant,  whick 
put  in  Col.  1.  and  its  tangent  in  Col.  3. 

2.  Take  the  declination  rf,  corresponding  to  the  greatest  altitude,  place  its 
tangent  in  Col.  1.  its  sine  in  Col.  £. 

3.  The  sum  of  the  two  logarithms  in  Col.  1.  (rejecting  10  in  the  index) 
is  the  tangent  of  the  angle  A,  which  is  less  than  90°  if  the  hour  angle  is 
less  than  6  hours  (or  90^)  h\tt  greater  tiian  90^  if  the  hour  angle  is  greater 


-•  Tlie  hoar  nn?le  is  the  same  as  the  elapsed  time  In  doable  i»ltitttdes  of  the  mm. .  This  time  fa 
tiimetl  Into  de^n*es  by  Tabl^  XXI.  but  It  is  mure  simple  to  doMe  the  hour  angle  and  find  It  in  Col.  PJIff . 
Table  XXVI r.  and  take  out  l:s  corresponding  tangent.  If  this  double  ancle  exceed  I3h.  reject  I3h.  and 
fiiMi  the  remainder  in  Col.  \.  M.  and  take  out  its  currespondio^  tan^^rnt.  in  thefoUo^Ting  eiamplM  this. 
dvMe  angle  is  marked  with  the  letters  P.  M.  annrxctl.  .   , 
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than  6  hours.  This  angle  is  to  he  marked  north  or  south,  with  a  different 
name  from  the  declination  rf,  at  the  greatest  altitude.*  The  co-secant  of  A  is 
to  be  placed  in  Col.  2.  its  co-sine  in  Col.  3. 

4.  Place  the  declination  D,  corresponding  to  the  least  altitude,  below  the 
angle  A,  and  if  they  are  of  the*  same  name  take  their  stmi^  but  if  of  differtnl 
names,  take  their  difference^  and  call  Uiis  sumf  or  difference,  the  angle  B, 
making  it  n&rtk  or  $<mth  like  the  greatest  of  the  two  quantities  A,  D.  Tb^ 
co-sine  of  B  is  to  be  placed  in*  Col.  %,  its  co-secant  in  Col.  3. 

5.  The  sum  of  the  thr?e  logarithms  in  Col.  S.  (rejecting  20  in  the  index) 
Is  the  co-tangent  of  an  angle  F,  (less  than  90^)  which  is  to  be  taken  out  and 
marked  nor&  or  south,  with  a  different  name  from  B. 

6.  The  sum  of  the  tiiree  logarithms  in  Col.  2.  (rejecting  20  in  the  index) 
is  the  co-sine  of  the  angle  C,  which  is  to  be  taken  kss  than  90^,  if  B  is  less 
than  90^,  but  greater  than  90^  if  B  is  greater  than  90^.  The  angle  C  and 
its  co-secant  are  to  be  placed  in  Col.  1. 

7.  Place  the  altitudes  below  C,  take  the  half  sum  of  these  three  quantities, 
{fubtract  the  greatest  altitude  from  the  half  sum,  and  note  the  rematm/er. 
Place  the  secant  of  tlie  least  altitude  in  Col.  1.  its  co-tangent  in  Col.  £.  its 
sine  in  Col.  3.  The  co-sine  of  the  half  sum  in  Col.  1.  and  the  sine  of  the 
remainder  in  Col.  1.  Tlie  sum  of  the  four  last  logarithms  of  Col.  1.  (reject- 
ing ao  in  the  index)  being  divided  by  2,  gives  l£^  sine  of  an  acute  angle, 
-which  being  found  and  doubled,  gives  the  zenith  angle  Z,  which  is  to  be  named 
north,  if  the  zenith  and  north  pole  are  on  the  same  side  of  the  arch  or  great 
circle,  passing  through  the  two  objects,  (or  the  two  observed  places  of  the 
»ame  object)  but  south  if  the  zenith  and  south  pole,  are  on  the  same  side  o^ 
that  great  circle.}  ^t* 

8.  Take  the  sum  of  the  angles  Z  and  F,  if  they  are  of  the  same  name, 
Init  their  difference  if  of  different  names ;  this  sum  or  difference  is  the  angle 
O,  to  be  marked  north  or  south  like  the  greatest  of  the  angles  Z,  F.§  The 
sine  of  G  is  to  be  placed  in  Col.  2. 

9.  The  sum  of  the  two  lower  logarithms  of  Col.  2.  (rejecting  10  in  the 
index)  is  the, tangent  of  an  angle  I,  which  is  to  be  taken  out  (less  than  90^) 
and  marked  north  or  south  like  6.    The  secant  of  I  is  to  be  placed  in  Col.  3. 

10..  Write  the  declination  D,  corresponding  to  the  least  altitude  below  I, 
take  theirf  sum  \£  of  the  same  name,  their  difference  if  of  different  names. 
This  sum  or  difference  is  the  angle  K,  of  the  same  name  as  the  greater  of 
-these  two  quantities.    The  sine  of  K  is  to  be  placed  in  Col.  3. 

11.  The  sum  of  the  three  last  logarithms  in  Col.  3.  is  the  sine  of  tho 
required  latitude  of  the  same  name  as  K. 

EXAMPLE  XI. 

Given  the  sun's  correct  central  altitude  41^  33',  and  his  declination  11®  N. 
After  an  interval  of  Ih.  30m.  by  watch,  his  correct  central  altitude  was  50'^, 
and  his  decimation  13^  50'  N.  Required  the  latitude,  the  sun  being  south 
of  the  observer  when  on  the  meridian  ? 


*  This  rale  is  easily  rnnembercd  in  three  places  in  which  it  occurs,  from  the  circiuusUnce  that  s  is  tliCL 
first  Idler  of  mm  and  rants,  and  d  the  ftrst  Icturr  of  di^enrc  and  different. 

t  If  the  sum  be  taken  to  find  B  and  &  excefid  160*,  subtract  it  from  360%  and  coll  the  ivmoiiider  n 
xv'iih  n  different  name  from  A.  D. 

t  This  case  occurs  also  in  the  first  and  second  methods  of  solution,  and  it  must  be  deurmioed  on  tht; 
tf|iot  by  the  situatkm  of  the  objects.  In  aouble  altitudes  of  the  sun,  moon,  or  (vlaneis,  when  ihe  elapsed 
ume  is  not  very  great,  the  angle  Z  i^  generally  to  be  marked  with  Uie  bearing  of  tiie  lenllh  from  the 
observed  ol^ect,  when  at  Ui  grtatttt  altUudt  on  the  meridian,  whictf  in  north  bititudes,  without  the 
tropics,  is  in  general  iwHh;  iu  south  latitudes,  without  the  tropics,  $outh.  Sometimes  when  the  sun 
pastes  the  meridian  near  the  zenith,  it  may  be  doubtful  whether  the  zenith  be  north  or  smih  ;  In  wlucli 
ease  the  problem  may  be  solved  for  both  cases,  (which  increases  the  labour  but  little)  anrl  that  one  of  the 
tvo  computed  latitudes  selected  wbh:h  agrees  liesi  with  the  ^bip•l•  reckoning ;  but  it  is  genemlly  safest 
nsM  to  «e  obsenr atlons  of  this  kind,  which  arc  geoeiQliy  liable  to  great  erron  from  small  mistakes  in  the 
altitudes. 

§  If  Che  mm  be  taken  to  find  G,  aud  it  excscds  180*,  subtmct  it  from  SCO**  and  call  the  remainder  G 
with  a  ditTrtnt  name  Crom  Z  or  F. 
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A[dif.iuuiiefroind.]l5  04  S. 

D  Dec.  [tttleut  alt.]  14  08  N. 

B 1  04  8. 


tu.  9.49007 


O 21  49  co-MC  lOLfiSeS  0  [Mine  alllatB]  co*«ine  9.98710  F  3«40'N. oo-lan.ll.8SSld 


Le«staiatude 41  »       sec.  10.12588 

Grettett  altitade . .  50  00 

gum lis  S 

I  Sum 56  41  co<eiiie  9.7B978 

^S^-gTJdtssR^ro.    6  41 
Stfin  4  tofs. 

4z 


f)ia96l4S 


.38  39       sine9j68071 


Col.  3. 


A[iaiiie  aff.  ai  H.]  co-sec.  10.58S1S 


co^ne  9.99992 eo4ec.'11.7a0id 


co-tan.  10.05843 

44«S0'K.  tan. 


a9698l 


Dec.  D 14  00  M.  [at  least  alt.] 
K       68  ao  K. 


CoLS. 


9jsita 


.cosine  9J84illl 


ZffI  l8N.[FI«88M»fdUr. 
9.93738  039  68  17. 


[inan    ' 


named  as  G.] 


9.82169 
10.145^ 


.  rine       &929^ 


latitude.... 62   TN.alne      6.897^ 


Z 57  18  M.  [named  like  bearing  of  Zeaitb.] 

If  the  latitude  had  been  south,  Z,  instead  of  being  57^  18'  Norths  would* 
tic  570 18'  South;  'G,  540  38'  S.  I,  4£0  37'  S.  K,  £8©  37'  S.  and  the  latitude 
M9^  34'  S.  The  labour  of  making  this  extra  calculation  is  but  Uttle,  and 
.'where  any  doubt  exists  of  the  name  of  Z,  it  is  best  to  make  the  coinputation 
Ijj^th  ways ;  this,  however,  will  rarely  happen.  The  calculations  or  this  ez<- 
iRRple,  and  most  of  the  following  ones,  are  made  to  the  nearest  minute; 
where  great  accuracy  is  required,  it  will  be  proper  to  take  the  logarithma 
And  an^es  corresponding  to  seconds. 

EXAMPLE  XII. 

The  sun's  correct  central  altitude  was  SSP  25',  his  declination  17^  S.  8 
^liours  afterwards,  by  a  watch,  the  sun*s  correct  central  altitude  was  30^  8', 
and  declination  16^  55'  S.  the  observer  being  in  a  high  south  latitude.    Re- 
quired the  latitude  ? 


Col.  1. 

HoarH  8b.[P.M.l6h.=4h.A.M.]sec.  laSOlOS 
I>«di.ii[atgr.alU.]  HOOO'S.  tan.  9.48534 


B 131  38  N. 

0 Hi  51  oMec.  10.0828a|O [same aff.asB} co-sine  9.570b7 


see.  lOJOesOi) 


tgost  altitude 3d  08 

Greatest  altknde  . .  32  25 

Soro*. 174  24 

]  Sum 87  12  co-sine  8.68886|K 

\  S.-^.  aki.:=Rem.  54  47       sine  9.9122] 
Sum  4  \o*Si 

IZ 12  53 

Z  


3)18.69650 


sine  9.34825 


sine 

, . .  .f . . .  .co-tan.  10iS3623 
53<>51'8.tan. 


iai363( 


Dec  Die  55  6.  [at  least  all.] 
70  46  8 


Col.S. 
. .  tan.     10.33156 


Col.  8L 

.'.'.' .'sine"   9.46594 

A[dif.name  from  d.]  148  S3  N.  tan.  9.78637]  A[sanie  afllasU.]  co-see.  10J2825i|| CO-dne  9.93100 

ODec.  [at  least  alt.]  16  55  S. 

00-lin«  9.83240 Co^ec  IO.I3H4 


F  36»50' 8.  co-tan.  1039600 


Z35  46  6.[Flcss90»,dlir. 
—  name  fm.  B.l 

9U»006O52S6  8. 


.  sbse       9.7Qtf72 


[  less  90»]  sec 
L  named  as  G.] 


sine 

Laiitude  ....  53  28  S.  sine 


9.97506 


25  46  6.  [named  like  bearing  of  Zenitli.] 

If  tlie  zenith  had  been  north  of  the  great  circle  passing  through  the  sun 
and  moon,  we  should  have  Z=i250  46'  N.  G  1^  04'  S.  1 1^  50'  S^»  K  IC^  45"S. 
■MX([  thf;  latituck  0^  1 C  S.  ^ 
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EXAMPLE  XIIL 

Suppose,  at  the  same  moment  of  time,  the  moon's  coryect  central  altitude' 
was  50°  20',  the  moon's  declination  0°  36'  N.  the  sun's  correct  central  alti- 
tude 37^40',  the  sun's  declination  0^  17'  S.  The  hour  angle,  or  difference 
of  the  right  ascensions  of  the  sun  and  moon,  being  by  the  Nautical  Almanac 
5  hours  or  7;>o.     Required  the  latitude,  supposing  it  to  be  north  1 

Col.  1.  (  Col.  2. 

Hour  angle  H  5h.  (P.  M.  lOli.)  sec.  10.58706 
Decii.  d  (at  gr.  all.)      0"  S6'  N.  tan.  8.02004 

A(dif.  name  from d.)  '2   19  S.  tan.  8.6070 

DDecl.  (at  least  all.)    0   17  S. 

B   2  at'5  s. 


C 76  00  co-sec.  10.0l50f 


O  saniea/r.«sB)co-sinc  9.412.'5  F  0^42' N.co.tan.n.yi48» 


I^afet  altituae 37  40        sec  10.10151 

Greatest  alUtude  . .  65  20 

Gum    168  00 

.^  Sum 84  00  co-siue  9.01 925  IC 

5  S.--gr.  alt.=Rero.  28  40       sine  9.6809E 

iSum  of  4  logs. 

i  Z 14  50 


siae        8.0200'^ 

A(same  afT.as  H.)  eo-sec  1 1 .39531 


.co-siiie  S.^Dgr^ 


Col.  3. 

.tan.       I0.57iy5 


.co-siae  9.C9'j64 


.co-sec- 11. 34SCU 


Z29   40  N.CFIesa90",diff. 

I    uaine  fui.  L.> 

9.70373  G  JO   22  N. 


sine 

co-tan.  10.11211 1 «iue 

S3<^J3'  N.tan. 


•j.Bltl'  ;[I  k^s  'W]  see. 
-;[I  iiutuLd  as  G.J 


9.7seoo 

10.07748 


2)1 8.81 1;7! 


Dtc.D  0   17  S.  (atleasialt.) 

32  56  N sine 

Latitude 2S»  24'  N.  sine 


siite  9.4UC-3y  * 

Z 29  40  N.  (named  like  bearing  of  Zenith.) 

If  the  zenith  had  been  south  of  tlie  great  circle  passing  through  the  olr- 
jects,  we  should  have  Z  29°  40'  S.  G  28^  58'  S.  I  Si^  6'  S.  K  32°  23'  S. 
and  the  latitude  22^  44'  S. 

EXA3IPLE  XIV. 

Given  the  moan's  correct  central  altitude  47^  37',  the  moon's  declijiati<m 
17O  29'  g.  the  sun's  correct  central  altitude,  at  the  same  time,  270  2si',  the  sun*« 
declination  8^28'  S.  the  hour  angle,  or  difference  of  right  ascensions  of  the 
sun  and  moon,  5h.  40m.  28s.  or 80*^  7'.    Required  the  latitude,  supposed  nortJi  1 

Co!.  3. 


Col.  1.  1 

Hour  H  8507'  (P.M.llb.20'  56")»ec.  11.0r,9W' 
l>e«lJ.  d  (at  gr.  alt.)    17**2ii'  b.  tan.  9.4982;  l 

A  (dif.  oame  from rf.)  74  S3  N.  tail.  10.6(;82i 

II  Decl.  (at  least  alt.)    fl  23  6. 

B 66  25  N. 

0 £2  51  co-sec.  ia00839 


Col.  2. 

sine        9. 17774 

A(sarae  aff^is  H.)  co-sec.  10  01 


.  co-slue  9.602: 


C  (same afl.  as B) co-sine  9.f)i6ic 


:3ine        9^58497 

co-tan.  ie.2S59« 

360  37'N.tau.        9.870^ 


I 

Oec.D   3  28  S.  (at  least  alt.) 

K         28   09  N 


..co-sine  9.41ti28 


co-sec.  10.1372?! 

F  16^  43'  S.  co-tan.  10.522.') I 


Z  39  20  N.  (F  less  90",  difi*. 
name  fm.  B.) 

G22   37  N. 


[I  less  90°J  sec. 
[I  named  as  G.] 


9.66246 
10.09548 


9.67374 


LatitTide    i50  4l'N.siue        9.431ti3 


Least  altUade 27  22       sec  10.05155 

Greatest  altitude  . .  47  S7 

Sum 157  50 

i  Sum 78  53  co-sin«  9.283C4 

i  S.— gr.  alt.=Rem.   31   13        sine  a?  1660 
Sum  of  4  logs.  2)19.05438 

iZ    19  40       sine  9.52719 

Z 89  20  N.  (named  like  bearing  of  Zenith.)  « 

If  the  zenith  had  been  south  of  the  great  circle  passing  through  the  ob- 
jects, wc  should  have  Z  39^  20'  S.  G  56^  3'  S.  I  58^  2'  S.  K  66°  SO'  S.  and 
'the  latitude  52^  46'  S.  uyuzt^u uy  ^^^^^l^ 
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FOURTH  METHOD. 

'to  find  the  Latitude  from  the  altitudes  and  distances  found  in  taking  a  lunar 

observation. 

This  is  a  particular  case  of  Form  V.  and  is  more  simple  than  the  general 
solution,  because  the  true  distance  of  the  objects,  computed  in  working  the 
lunar  observation,  may  be  used  to  shorten  the  calculation  of  the  latitudes ;  we 
shall  therefore  give  a  particular  rule  for  this  method. 

Having  the  apparent  altitudes  and  distance  of  the  objects,  find,  by  any  of 
the  methods  of  working  a  lunar  observation  hereafter  given,  the  true  distance* 
Find  also  the  true  altitudes,  by  correcting  the  apparent  altitudes  for  parallax 
and  refraction.  The  correction  of  the  moon*s  altitude  is  equal  to  the  difer- 
etice  between  59'  42"  and  the  correction  already  found  from  Table  XIX.  ia 
working  the  lunar  observation ;  this  difference^  added  to  the  moon's  apparent 
altitude,  gives  her  true  altitude.  In  like  manner  the  correction  of  the  sun's 
altitude  is  equal  to  tlie  difference  between  60'  and  the  correction  already 
found  in  Table  XVIII.  (or  in  Table  XVII.  if  a  star  is  used) :  this  difference 
is  to  be  subtracted  from  the  sun's  (or  star's)  apparent  altitude,  to  obtain  hi^ 
•'  true  altitude.  Tlie  time  at  Greenwich,  corresponding  to  the  true  distancei. 
having  been  found  in  working  the  lunar  observation,  take  from  the  Nautical 
Almanac,  for  this  time,  the  declinations  of  the  sun  and  moon,  as  was  taught 
in  pages  110,  124,  and,  if  great  accuracy  is  required,  the  correction  for  second 
fiiiferences  of  the  moon's  declination  may  be  noticed,  as  in  Problem  I.  of  thd 
Appendix  to  this  work.  If,  instead  of  the  sun,  a  star  is  used,  its  declinatioa 
may  be  obtained  from  Table  VIII.  or  more  accurately  from  the  Nautical 
Almanac,  being  one  of  the  24  bright  stars  whose  places  are  no%v  given  for 
every  ten  days  in  that  work.  From  these  declinations,  the  north  polar  distances 
must  be  found,  by  adding  the  declinations  to  90^  if  south,  or  subtracting 
from  90O  if  north. 

Having  thus  obtained  the  true  distance,  the  true  altitudes,  tlie  declinations 
and  north  polar  distances,  the  latitude  may  be  computed  by  the  following 
rule,  adapted  exclusively  to  Table  XXVIl.  writing,  as  before,  sine,  eo-sine, 
Stc.  for  log.  sine,  log.  co-sine,  Slc.  tlie  logarithms  being  arranged  in  thri^d 
columns  as  in  the  former  methods. 

RULE. 

1.  Place  in  Col.  1.  the  true  distance  and  the  polar  distances.  Take  their 
half  sum,  subtract  from  this  half  sum  the  polar  distance  of  the  object  whidi 

'  had  the  greatest  altitude,  and  note  the  remainder.  Put^  in  the  same  co1umn< 
the  co-s£cant  of  the  true  distance,  the  co-secant  of  the  polar  distance  of  thi* 
object  having  the  least  altitude,  the  sine  of  the  half  sum,  the  sine  of  the  rc- 
mainder.  The  sum  of  these  four  logarithms  (rejecting  20  in  the  index)  beiQi^ 
divided  by  2,  gives  the  sine  of  an  acute  angle,  which  being  found  and  doubled, 
is  to  be  called  the  angle  F. 

2.  Place  in  Col.  1.  the  true  distance  and  the  true  altitudes.  Take  their 
half  sum,  and  also  the  remainder  or  difference  between  the  half  sum  and 
the  greatest  altitude.     Place  in  the  same  column  the  co-secant  of  the  distancei 

.  (before  found)  the  secant  of  the  least  altitude,  the  co-sine  of  the  half  sum,  the 
sine  of  the  remainder.  The  sum  of  these  four  logarithms  (rejecting  20  ia 
the  index)  being  divided  by  2,  gives  the  sine  of  an  acute  angle,  which  bein^ 
found  and  doubled,  is  to  be  called  the  angle  Z. 

3.  If  the  zenith  and  north  pole  be  situated  on  the  same  side  of  the  great 
circle,. passing  through  the  two  objects,*  take  the  sum\  of  the  angles  FUZ 
for  the  angle  G ;  but  if  the  zenith  and  north  pole  be  situated  on  different  sides 

"  of  that  great  circle,  take  their  difference  for  the  angle  G.    Place  the  co-sine 
of  G  in  Col.  2. 
^4.    Write  in  Col.  2.  the  co-tangent  of  the  least  altitude,  and  its  sine  in  Col. 

•         "  ~~    ~~  ' 

*  In  places  without  the  tro|>fc$,then(m  is  lued  generally  in  northern  latitude^  and  the  Jiffttence  in 
»  aoHlhtrn  lathtKlcs. 

!  If  thUsuiH  sl)v)uld  exceed  IRO^  subtracl  it  from  360P  and  call  iJie  rejiaindfer  the  knjlc  G. 

,y,uz..t,  uy  >^OOgIe 
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•3.*  The  sum  of  the  two  logarithms  in  Col.  2.  is  the  tnngent  of  the  angle  I, 
which  is  to  be  taken  less  than  90<^,  and  marked  south  if  the  angle  G  is  less  than 
90O  but  narth  if  G  w  more  than  90^^.     Place  the  secant  of  I  in  Col.  3. 

0.  Place  the  declination  corresponding  to  the  least  altitude,  below  I ;  Take 
theft*  sum  if  of  the  same  name,  but  their  difference  if  of  differehi  names ;  call  tliis 
^um  or  difference  the  angle  K,  and  mark  it  with  the  same  name  as  the  greatest 
of  the  two  quantities.     Place  the  sine  of  K  in  Column  3. 

6.  The  sum  of  the  three  logarithms  in  Col.  3.  (rgecting  20  in  the  index) 
\%  the  sine  of  the  latitude  of  the  same  name  as  K.  « 

Having  found  the  latitude,  the  hour  may  be  obtained  by  means  of  t^e  true 
altitude  and  declination  of  the  sun  or  star,  by  any  ofthe  usual  methods  here- 
after given  for  that  purpose ;  but,  if  the  last  of  the  observed  altitudes  was  that 
of  the  sun  or  star,  the  horary  distance  of  that  object  from  the  meridian  might 
be  obtained  more  simply  by  the  following  rule,  adapted  to  Table  XXVIL 

RutE.— Add  the  tangent  of  the  angle  G,  the  sine  of  the  angle  I,  the  secant 
of  the  angle  K,  the  sum,  rejecting  20  in  the  index,  is  the  tcmgent  of  an  angle; 
toke  out  the  corresponding  time  in  the  Column  P.  M.  or  in  the  Column  A.  M. 
increased  by  12  hours,  half  of  either  of  these  times  is  the  horary  distance  of 
the  lowest  observed  object  from  the  upper  or  lower  meridian,  whence  the 
liour  may  be  obtained  directly  if  it  be  the  sun,  but  if  it  be  the  star  (or  moon) 
it  is  obtained  by  applying  its  horary  distance  to  the  hour  of  passing  the  meri- 
dian, according  to  the  usual  methods  of  fmding  the  time  from  an  altitude  of 
»  Hxed  star,  or  the  moon. 

EXAMPLE.—Y^^rtwic  as  Dr.  Brinkley's  N.  A.  1820.; 

May  19d.  8h.  6m.  P.  M.  in  the  longitude  of  7h.  2dm.  west,  it  was  found 
ty  working  a  lunar  observation  that  tlie  correct  distance  of  the  centres  of  the 
sun  and  moon  was  90°  57'  20" ;  true  altitude  of  the  sun's  centre  11^  33'  12"^ 
true  altitude  of  the  moon's  centre  27^  32'  18".  At  the  same  time  by  the 
JVautical  Almanac  the  sun's  declination  was  19^  06'  48"  N.  the  moon's  decli- 
nation 13^  65'  48"  N.    Required  tlie  latitude  and  hour  by  this  observation  ? 

Col.  1.  Col.  2.  Col.  Ik 

True  distance  QV*  57'  20' '  eotte.  10.O0OO<; 
jP.dUt.atle.ait.  70  03  12  co-sec.  10.02r<a7 
T.dist.algrjdt.  76  04  12 


CiuB  . 


.237  04  44 


iSum 118  32  32  sine 

I  S^~«4.atgi-.a].  42  28  10  siae 


G  is  mm  of  F,  Z,  il  north  ptAe  «nd  renith  are  on  same  title  iiC 
of  great  circle,  but  tlieir  diffcrtmx  if  of  diffcrciil  sides. 


2)10.80010 


*JF  .... 


.  ^2  36  00  iiue 
.105  12  00 


9.90005  Z       61  3(2  tl 
F    105  12  00 


tra/t  distance      90  57  20  co-sec.  IO.O000C 
XfiBStalt 11  99  12  ficc.      I0.00&&ti 

ISTreatettaU.  ..  37  32  18 

JgUia .130  02  50 

iSaa 65  01  20  ecaine  9.62557 

I  Sttm-fT.  alt.   97  S3  07  sloe      9.78480 


2)19.41881 


^z  .... 


ao  48  t6  $ine 
91  as  52 


8.70940 


a     166  48  52       co-t.'iiie   9.98840 
co-tan.  10.6b947 


78  08  33  N.  tan.      10.67787 


\9  !e«  tban  90'*,--nan!rrl 
south  if  G  is  less  (iian 90', 
norlli  if  (i  i»  mure  than 
90^. 


.Mue   8.00  ICS 

. .  9^.  lo.esT^ji 


Dec.  19  56  48  "S.  (at  least  alt.) 

K      98  05  21  N • sine    93',t;tJ 

Latitude    74'»  48  "N.  <inc    9.9845t- 


Tofmd  the  Hour. 

G tan.    9.3(074 

I sine    9.9'HRi:5 

K sec.  10.851G6 


Hour  P.  M.  7b.  4701. 42^.  or  A.  Il.+I2h.=:16h.  I2ai.  iCs.        tan.  I0.2i203 


|?^rided  by  2  jfives  flie  hofarf  dijrtance  of  7 
tbe  lowest  object  from  the  meridian, 


8h.53iii.6ls.  or 


8b.  06in.  09s. 


Th€i  sun  being  at  the  lowest  altitude,  his  distance  from  the  upper  meridian 
-was  sii.  6na.  98.  being  the  hour  of  the  day,  and  the  sun's  distance  from  the 
lower  meridian,  or  midnight,  was  3h.  53m.  51s. 

*  Both  these  l(j?anthui8  niny  be  (akoo  out  at  tbe  iftme  ti<ne  when  tUc  sine  of  thean^e  was  found  iotiie 
'conftput^ibn  of  tbe  anij^  Z. 

^         "  uiyiLizeu  uy  x-j  v_/ v^ pc  ix^ 
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QUESTIONS  FOR  EXERCISE. 

Ill  the  following  questions  the  sun's  semi-diameter  is  supposed  to  be*  10% 
and  the  parallax  nothing. 

1.  Being  at  sea,  in  latitude  by  account  39^  28'  N.  when  the  sun's  declina- 
■  tion  was  20^  41'  N.  at  llh.  30m.  15s.  A.  M.  per  watch,  the  altitude  of  the 

sun*»  lower  limb  was  obSened  to  be  68^  18'  45",  and  at  12h.  26m.  £8s.  P.  M. 
was  70^  58',  the  height  of  the  eye  being  21  feet  above  the  surface  of  the  sea. 
Required  the  true  latitude  of  the  ship  ? 

Answer,  39^  28'  N. 

2.  Being  at  sea  in  latitude  50^  40'  N.  by  account,  at  lOh.  17m.  SOs.  A.  M- 
per  watch,  the  altitude  of  the  sun's  lower  limb  was  observed  to  be  17<^  4^' 
and  at  llh.  17m.  30s.  was  19^  3U',  the  declination  being  20©  S.  and  tlie 
Jieight  of  the  eye  21  feet  above  the  sea.     Required  the  latitude  in  ? 

Answer,  50^  1'  N. 

B.  Suppose  a  ship  at  sea,  in  latitude  47°  34'  N.  by  account,  and  that  at 
Oh.  55m.  SOs.  by  watch,  the  altitude  of  the  sun's  lower  limb  was  17^  24', 
bearing  by  compass  S.  by  E.  h  E.  and  at  12h.  54m.  10s.  the  altitude  of  th«i 
same  limb  was  21^  45i'  the  declination  being  19^  30'  S.  the  height  of  the  eye 
20  feet  above  the  sea,  and  the  ship's  course  by  compass  E.  i  S.  at  the  rate  of 
7  knots  per  hour.     What  was  the  true  latitude? 

J*  *  Answer,  470  24' N. 

4.  At  llh.  23m.  2O3.  A.  M.  per  watch,  the  altitude  of  the  sun's  lower 
limbwa^as'^  18'  the  sun  bearing  S.  by  W.  by  compass.  At  2h.  53m.  20s. 
P.'M.  the  altitude  of  the  same  limb  was  16°  40',  the  height  of  the  eye  20 
feet,  his  declination  13^  17'  S.  and  the  latitude  by  account  47^  50'  N.  the 
ship's  cjurse  during  the  elapsed  time  N.  E.  with  her  larboard  tacks  on 
board.*  jailing  at  the  rate  of  6  knots,  and  making  half  a  point  lee- war — 
wlftat  latitude  was  she  in  when  the  last  altitude  was  taken  ? 

Answer,  48°  9'  JN". 

To  find  the  latiiudc  by  om  AllUude  of  the  Sun  taken  near  noon,  having  the 
time  of  obstrvation  by  a  tcell  regulated  watch. 

When  the  sun  does  not  pass  near  the  zenith,  the  meridian  altitude  and  the 
iatitude  of  the  place  may  be  accurately  determined  by  observing  his  altitude 
when  pear  the  meridian,  and  noting  the  time  by  a  watch  regulated  the  pre- 
ceding morning  or  following  evening,  by  either  of  the  methods  given  in  this 
work. I  To  this  time  by  the  watch  must  be  applied  a  correction  equal  to  th6 
difference  of  longitude  made  by  the  ship  (turned  into  time)  in  the  interval 
between  the  regulation  and  the  observation  near  the  meridian,  by  adding 
when  the  place  of  regulation  was  to  the  westward  of  the  place  of  taking  thr 
other  observation^  otherwise  by  subtracting ;  the  sum  or  difierence  will  be  the 
time  of  taking  the  observation,  whence  the  time  from  noon  will  be  obtained; 
with  which  and  the  observed  altitude  (corrected  for  semi-diameter,  dip,  &tc. 
as  usual)  the  sun's  declination  (found  in  Table  IV.  and  corrected  for  the 
longitude  of  the  ship)  and  the  latitude  by  account;  the  latitude  by  observa- 
tion may  be  found  as  follows : 


♦  Tlio  lar^MKird  «irte  of  a  ship  is  the  leff  side,  when  the  obsei-ver  is  afl,  looking  to-wnnl » lier  bead,  anH 
the  starlv>arU  is  the  ri;:hi  sidf,  Wlien  a  ship  is  sailing  wiih  her  larbo  ird  tarks  on  board,  the  lee-wav  is 
alkmcil  to  ih*^  rlp^ht  h.?nd  ;  hui  if  her  siarNiard  taoks  are  on  board,  to  :he  left  hand. 

In  culrulatin^  the  at.sv.ir.s  lo  tht>c'  qiiesliona,  |)ro])on tonal  pans  uere  taken  for  the  seconds;  a  small 
dlfTorofioewoiihl  l>e  foi  -ui  if  the  nearest lt)t'aritlini«;  only  wore  taUen. 

t  T))('  he-^i  time  for  r<','uUiinj;  a  \v.»tch  is  when  the  sun  iivors  nearly  cast  or  wc<f,  nm]  is  a'jore  lO*  (rrtin 
the  lu)ri/,OM. 
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RULE.     ^ 

Add  tofrHher  the  log,  co-sine  of  the  latitude  hi)  account  (Table  XXVII.)  the 
log.  cO'Sine  of  the  decUmition  ( Table  XXVII.)  the  logarithm  in  the  column  of 
rising  (Table  XXIII.)  corresponding  to  the  time  from  noon  wlun  the  obstrva- 
tion  was  taken ;  rejects  in  the  inder^  the  natural  number  of  the  remainder 
being  found  (In  Tabic  XXVI,)  and  added  to  the  natural  sine  of  the  observed 
altitude  (Table  XXIV.)  the  sum  will  be  the  natural  co-sine^  of  the  mtridian 
zenith  distance,  from  which  the  latitude  mat/  be  obtained  by  tlw  common  rules. 

If  the  computed  latitude  diffei-s  considerably  from  the  latitude  by  account, 
it  is  best  to  repeat  the  operation,  URJne:  the  latitude  last  found  instead  of  the 
latitude  by  account.  This  method  of  finding  the  latitude  by  a  single  altitude 
of  the  sun,  may  be  applied  to  any  other  celestial  object. 

EXAiMPLE  I. 

Being  at  sea  in  latitude  49^  50'  N.  by  account,  when  the  sun's  declination 
was  20^  S.  at  llh.  29m.  20s.  A.  M.  per  watch,  regulated  the  preceding  morn- 
ing, in  a  place  20  miles  of  lonjicitude  to  the  eastward,  the  sun's  correct  cen- 
tral altitude  was  19^  41'*  hearing  south.     Recptired  the  true  latitude  ? 

II.    M.   s. 

Time  per  watch 11  29  20  Latitude     49^  50'  Co-sine  9.90957   . 

«20'inT.byTab.  XXI.  1  20  Dcciin.       20      0  Co-sine  9.97299 

Time  of  observation..  11  28    0  Time  from  noon  Oh.  32bi.  Os.  Log.  rising         2.93820 

12  *• 

Nat.  Num.  590  log.  2.7707G  " 

Time  from  noon 32    0  Central  altitude  19^'  41 '       Sine       33682 

Mer.  zen.  dist.  69   57  N.  Co-sine  31-272 
Declination        20     0  S.  

Latitude 49   57  N. 

EXAMPLE  II.  ■  ,       ' 

At  sea  in  the  latitude  of  00  N.  by  account,  the  mm  being  on  the  equator,  af 
Oh.  59m.  Os.  P.  M.  per  watch,  ngulated  the  preceding  morning  in  a  place  Jd 
miles  in  longitude  to  the  westward,  the  sun's  correct  central  altitudef  was 
2G0  53' bearing  south.     Required  the  latitude? 

H.  M.  .s. 
Time  per  watch    0  59  0  Latitude        60   N.  Co-sine        9.69«'97 

15'  long,  in  time  1  0  Declination     0  (;o-.siiio       lO.OOO(M) . 

Time  from  noon    10  0  Time  from  noon  Ih.  Om.  Log.  riyiijg    3.53243 

Nat.  Numb.    1701     Log.    S.^rU  10 
Central  altitude 28'^  53'        Sine 48303 

Mf-r.  zenith  distance..  60      ON.  Co-sine  ....50007 

Declination 0       0  • 

Latitude 60      0  N. 

"When  the  observation  is  taken  a  few  minutes  before  or  afternoon,  tiie. 
connection  to  be  applied  to  the  altitude,  to  obtain  the  meridian  altitude,  may 
be  found  by  means  of  Tables  XXXil.  XXXIII.  the  first  of  which  contains 
the  variation  of  the  altitude  for  one  minute  from  noon,  expressed  in  seconds 
and  tenths — the  other  contiiins  the  square  of  the  minutes  and  seconds  of  a, 
minute  contained  in  the  top  and  the  side  columns.  By  these  tables  the  cor- 
rection of  the  observed  altitude  mny  be  found  by  the  following:,  rule. 


*  The  o»werv<»flaUitude  of  the  lower  limb  being  IG^^G2'.  0's  sepjl-i1Inn»et€r  IG',  Hip  4'.  RcfractiOD  S', 
Paratiax  loo  siimll  to  be  imjicfd. 

t  Tbc  ob^ervf'd  altiludf  «.l  (be  SMn  =  \cwrr  Vmh  belns^  28 '  tr,",  T/v  y.  P.  iC.  Pip  4'.  Kcfraciion  7',  Pirnffrx* 
loo  «iTinU  to  be  n<»t5<  C'l. 
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RULE. 

jBnicr  Table  XXXIL  and  find  the  latitude  by  account  in  the  side  colwm, 
and  the  declination  at  the  top^  opposite  the  former  and  under  the  latter  unU  he 
the  change  of  altitude  in  seconds  and  tenths  for  one  minute  from  noon :  then 
•  fTiter  Tabk  XXXIIL  and  find  the  minutes  of  the  time  from  noon  in  the  top 
column^  and  the  seconds  in  the  side  column,  under  the  former,  and  opposite  the 
loiter,  will  be  a  number  Vfhich  is  to  be  multiplied  by  the  number  taken  from  Ta- 
ble XXXIL  and  the  product  will  be  the  sought  change  of  altitude,  expressed  in 
seconds  and  decimals. 

In  making  use  of  Table  XXXIL  proportional  parts  may,  if  necessary,  be 
taken  for  the  miles  of  latitude  and  declination.  The  numbers  in  both  thc^c 
tables  are  expressed  in  whole  numbers  and  tenths. 

EXAMPLE  III. 

Being  at  sea  m  the  latitude  of  40<^  N.  when  the  sun's  declination  was  21^ 
N.  at  8'  past  noon  the  sun's  correct  central  altitude*  was  70®  58'.  Required 
the  meridian  altitude  and  latitude? 

In  Table  XXXIL  opposite  40°  lat.  and  under  21^  dec.  is  4".S,  and  the 
number  in  Table  XXXIIL  corresponding  to  8'  is  64.0.    By  multiplying  84.0 
.  by  4".8,  the  correction  a75".2  (or  5'  nearly)  will  be  obtained;  this  quantity 
f.  ftdded  to  70^  58'  will  give  the  meridian  altitude  71^  Sf,  and  the  latitude  de- 
duced therefrom  will  be  390  57'  N. 

By  observing  several  altitudes  of  the  sun  when  near  tlie  meridian,  and 
noting  the  times,  the  meridian  altitude  may  be  obtained,  by  the  above  method, 
to  a  great  degree  of  accuracy ;  for  by  using  this  method,  mapy  observations 
may  be  taken  on  the  same  day,  and  the  mean  of  the  meridian  altitudes  de.- 
duced  therefrom  will  in  general  be  much  more  correct  than  that  obtained 
by  a  single  observation,  by  the  usual  method.  To  obtain  the  corroctioo  t» 
be  applied  to  the  mean  of  all  tire  observed  altitudes,  proceed  thus : 

Take  firona  Table  XXXIIL  the  number  corresponding  to  each  time  firom 
^  Doon  (th^  minutes  being  found  at  the  top  and  the  seconds  at  the  side,  the 
correction  beinx  under  the  former  and  opposite  the  latter)  and  divide  the 
•urn  of  these  tabular  numbers  by  the  number  of  observations,  the  quotient 
being  multiplied  by  the  number  taken  from  Table  XXXIL  will  be  the  cor- 
rection to  be  aoplied  to  the  mean  of  the  observed  altitudes,  to  obtain  the 
tteiidian  altitude. 

EXAMPLE  IV. 

•  Being  at  sea  in  the  latitude  of  50^  N.  by  account,  when  the  sun's  dedintf- 
tton  was  22^  N.  observed  with  a  sextant,  the  altitudes  of  the  sun's  lowev 
limb  (bearing  nearly  south)  as  in  the  following  table :  the  correction  for  semi- 
1  diameter,  dip,  refraction,  fiu^.  being  12'  adcQtive.  Required  the  meridiaP 
Qtltitude  and  latitude? 

The  mean  of  the  numbers  from  Table 
XXXIIL  is  17.5,  this  multiplied  by  the  num- 
ber of  seconds  from  Table  XXXIL  viz.  2'[.5, 
gives  the  correction  43".75,  or  44",  which 
added  to  the  mean  of  the  observed  altitudes 
6io  46'  gives  the  meridian  altitude  of  the 
sun's  lower  limb  61^  46'  44"  or  61^  47' 
nearly,  to  this  add  12'  for  semi-diameter,  &c. 
the  sum  61^  59'  will  be  the  correct  central 
meridian  altitude,  whence  the  latitude  wa& 
50O  1'  N. 

If  the  above  altitudes  had  been  taken  with  a  circle,  the  calculation  would 
have  been  exactiy  the  same,  except  that  each  altitude  would  not  have  been 
given,  but  the  sum  of  all  of  them  247^  4'  would  have  been  shown  by  the 
central  index  after  finishing  the  observations. 

•Tig  obMTved  alUtode  of  Uie  sun's  lower  limb  being  TO"  46',  BemWdiameter  16',  Dip  4'^  Tftnaiu 
Sm  ReTflKtlon  too  tmall  to  9e  noticed/ 


Obs.  Alt. 
0L.L. 

Timefirom 
nooD. 

NumberB 
Tab. 

61.45 
61.46 
61.46 
61.47 

6'   10" 
4    15 
3      2 
2    10 

38  0 

18  1 

92 

4  7 

Sum  247.04 

70  0 

Mean  61.46 

17  5 
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TO  FIND  THE  LATITUDE  BY  ONE  ALTITUDE,    ijl 


EXA5IPLE  V. 

Having  regulated  my  watch,  1  found  it  to  be  6'  2"  too  slow  for  apparent  time.  I 
tlicn  sailed  to  the  southward  and  eastward  till  the  ship  had  made  ^  diftercncc  of  longi- 
tude, and  was  by  account  in  the  latitude  of  40^  N.  the  sun's  declinatioH  being  20-^8. 
The  aun  being  then  nearly  on  the  meridian  I  observed  ten  altitudes  of  his  lower  limb  by 
a  circle  of  reflection  and  noted  the  times  by  the  watch  aA  in  the  following  table,  and  the 
tfum  of  all  the  altitudes  taken  from  the  circle  was  29S^  20'.— Required  the  true  latitude, 
supposing  the  dip  to  be  4^  and  the  semi-diameter  16'? 

When  it  was  12  o'clock  by  the  watch  it  was  r2h.  6m.  2s.  apparent  time  at  the  placft 
where  the  watch  was  regulated,  and  12h.  lOm.  28.  apparent  time  at  the  place  where  the 
altitudes  were  taken  to  determine  the  latitude,  because  the  former  place  was  60'  or  4'  iq 
time  to  the  westward  of  the  latter,  consequently 
die  watch  was  10m.  2s.  too  slow  for  app.  time  at 
the  place  of  taking  the  altitudes  for  determining  the 
latitude.  Hence  we  may  determine  the  time  from 
noon  of  taking  each  observation,  as  in  the  second 
column  of  the  adjoined  Table,  and  find  the  numbers 
corresponding  in  Table  XXXIII.  the  mean  of  which 
iji  6.97,  this  multiplied  by  the  number  in  Table 
XXXII.  corresponding  to  the  latitude  40^  N.  and 
aeclination  20^  S.  viz.  1".6  will  give  11".  152  or 
il",  which  is  the  correction  to  be  added  to  the 
mean  of  the  obscr>cd  altitudes  to  obtain  the  meri- 
dian altitude. 


Now  the  sum  of  all  the  altitudes  298^  ftO',  divided  by  10,  the 

number  of  observations  gives ...29°  50'     0'^ 

Add  semi-diameter  16'  and  the  above  correction  11'' ........  -4-  16  11 

Add  parallax  found  in  Table  XIV +  8 

Subtract  dip  4^  and  refraction  I' 39'' —  5  39 

Central  Altitude ••••30  0  40 

Zenith  distance 59  59  20  N. 

Declination 20  0      0  6. 


Time  per 

T«m«*  from 

Numbers 

watcb 

D'lOll. 

Tab-  XXXin. 

11.45.43 

4'  15" 

18.1 

46.58 

3    0 

9.0 

47.52 

2    6 

4.4 

48.50 

1     8 

1.3 

49.28 

0  30 

0.2 

50.48 

0  50 

0.7 

51.10 

1  12 

1.4 

52.13 

3  15 

5.1 

63.  8 

3  10 

10.0 

54.23 

4  25 

19.5 

Sum    69.7 

Mean  6.97 

Latitude •' 39      59    20  N* 

When  the  meridian  altitude  of  the  object  is  small,  the  oorrcction  of  altitude  may 
te  found  by  this  method,  for  12  or  1 5  minutes  from  noon,  to  a  great  degree  of  accuracy  \ 
toot  when  the  sun  passes  near  the  zenith,  the  time  of  observation  must  be  proportionally 
neaier  to  noon.  Thus  in  Example  1.  preceding,  the  time  from  noon  was  32',  and  afi 
the  numbers  in  Table  XXXill.  are  the  squares  of  the  number  of  minutes,  it  follows, 
that  the  number  corresponding  to  32'  would  be  the  square  of  32  or  1024.0.  This 
multiplied  by  the  number  1".3  of  Table  XXXll.  corresponding  to  the  latitude  50<^  N. 
and  declination  20^  S.  will  give  the  correction  1331".2  or  nearly  22',  which  added  to 
19^  41'  will  give  20*^  3'  for  the  meridian  altitude,  or  69  -  57'  for  the  zenith  distancir, 
being  the  same  as  in  that  example. 

It  is  very  advantageous  in  this  method  to  observe  as  many  alti- 
tudce  in  the  afternoon  as  before  noon,  and  at  nearly  the  same  dis- 
tances from  noon,  for  in  this  case  a  small  error  in  the  regulating 
of  the  watch  will  not  materially  affect  the  calculation.  This  will 
appear  evident  bv  supposing,  in  the  preceding  example,  that  the 
watch  was  11'  2^^  too  slow,  instead  of  lO'  2",  by  which  means  the 
times  and  numbers  will  be  as  in  the  adjoined  Table,  and  the  mean 
tff  all  the  numbers  taken  from  Table  XXXIII.  will  be  8.15,  which 
multiplied  by  1''.6  will  give  13"  nearly,  for  the  correction  instead 
0f  11'',  80  that  in  this  case  an  error  of  one  minute  in  the  regulation 
of  the  watch  would  only  cause  an  error  of  2  seconds  in  the  meri- 
dian altitude. 

But  it  must  be  carefully  observed  that  in  using  this  method  you 
must  not  take  the  observation  more  than  2  or  3  minutes  from  noon 
when  the  stm  pawcs  within  10°  or  12^  of  the  zenith. 


In  Tab. 

Times. 

XXXIII. 

3.15 

10.6    ' 

2.  0 

4.0 

1.  6 

1.2 

0.  8 

0.0 

0.30 

0.2 

1.50 

3.4 

2.12 

4.S 

3.15 

10.6 

4.10 

17.4 

5.25 

29.3 

Sun 

(1    81.5 

.    Me 

an  8.1/i 
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TO  DETERMINE  THE  EATIftDE  ON  SHORE 

BY  MEA?fS   OF  AN  ARTIFICIAL  HORIZON. 

IT  frequently  happens  that  the  latitude  of  a  place  on  shore  cannot  he  determined  by 
the  usual  methods,  by  a  quadrant,  sextant  or  circle,  on  account  of  not  having  an  open 
liorizon.  In  this  case  it  is  customary  to  make  use  of  an  artificial  horizon  formed  by  the 
surface  of  a  vessel  filled  with  water,  mercury,  Barbadoes  tar,  very  clear  molasses,  or  any 
other  fluid  of  sufficient  consistency  not  to  be  affected  by  the  wind,*  With  this  apparatus 
an  observation  may  be  taken  on  shore  when  the  altitude  of  the  object  does  not  exceed  60^, 
with  as  much  ease  as  at  sea.  Thus,  if  an  altitude  of  the  sun  was  required  to  be  taken, 
the  observer  must  place  the  vessel  containing  the  mercury  (or  other  fluid)  in  a  firm  posi- 
tion on  the  ground,  and  in  a  few  minutes  the  surface  of  the  liquor  will  attain  a  horizontal 
situation  ,  the  observer  must  then  place  himself  in  a  situation  so  as  to  see  the  image  of 
the  sun  formcl  by  the  fluid,  \vhich  image  will  evidently  be  depressed  as  much  below  the 
horizon  as  the  sun  is  elevated  above,  so  that  to  obtain  tlie  double  of  the  nun's  altitude  it 
is  only  necessary  for  the  observer  to  bring  the  imai^e  of  the  sun  formed  by  the  instrument, 
down  to  the  image  formed  by  the  artificial  horizon,  and  the  angle  then  pointed  out  by 
the  index  will  be  double  of  the  altitude  of  the  sun,  the  half  of  which  will  be  the  apparent 
altitude.  If  the  nearest  limbs  of  the  two  images  are  brought  in  contact,  the  half  of  the 
angle  obtained  by  the  instrument  will  be  the  altitude  of  the  sun's  lower  limb,  but  if  the 
farthest  limbs  are  brought  in  contact,  the  half  angle  will  be  the  altitude  of  the  upper  limb. 
'•  Tiie  altitude  thus  obtained  must  be  corrected  for  .'?emi-diameter,  parallax,  and  refraction, 
as  usual,  but  not  for  dip,  because  a  truly  horizontal  surface  is  obtained  by  means  of  the 
p  artificial  horizon.f  In  this  manner  the  altitude  of  the  sun,  orany  other  bright  object,  may 
be  obtained  when  the  altitude  is  less  than  bO' ;  at  higher  altitudes  the  angle  corresponding 
would  be  above  1*20  \  which  cannot  be  measured  by  a  sextant  on  account  of  the  length  of 
the  arch,  nor  by  any  other  instrument  of  reflection,  with  a  sufficient  degree  of  accuracy.  To 
illustrate  this  method,  wc  shall  here  add  the  following  examples. 


EXAMPLE  I. 
The  an^Iar  disLnnce  of  ilie  nearest  Unihs  of  the 
two  iinn^^es  uf  the  sun  was  foiiiul  hy  the  aljove  ni<? 
tliod  t<>  be  t)?.a  10',  when  Ihc  decli nation  was  10'^  S 
and  the  sun's  semi-diameter  16',  ihe  s»n»  bearing  soutli 
of  the  observer.    Required  the  laiiiude  ? 


Half  of  6R'  tO'  is  Uip  ob5.  alt. 
Add  semi-diaineter  .  . , 


JQ 

5' 

lt> 

4 

21 

1 

Subtract  rciVaclion  .  , ' .  . 

True  ulliiude 54    20 


Zeuiili  distance 55    40  N. 

Declination lO     OB. 


Latitude io    40  N. 


EXAMPLE  II. 
The  angular  distance  of  the  farthest  limbs  of  the 
two  images  of  the  sun,  when  on  the  meridiam,  was 
obtained  by  ihe  above  method,  and  found  to  be  34« 
0',  when  the  declination  was  10<<  N.  and  the  sein»« 
diameter  i6' ;  the  sun  t>earingnorlhof  the  observer. 
Required  the  laiituile  ? 

Half  of  34Q  0'  is  the  obs.  alt l?**     0' 

Subtract  semi-diameter 16 

16     44 
Refraction  sub 3 

True  altitude lt>    4I 

Zenith  distance 73    19  S. 

Declination 10      ON. 


Latitude 


The  latitude  may  he  determined  on  shore  by  this  method  to  a  great  degree  of  accura- 
cy by  means  of  a  circle  of  reflection,  by  taking  several  altitudes  a  few  minutes  before 
uud  after  the  sun  passes  the  meridian,  and  estimating  the  coiTCction  to  be  applied  to  the 
altitude  by  means  of  Tables  XXXII.  and  XXXIII.  Thus,  if  in  the  example,  page  151, 
the  observations  had  been  taken  in  this  manner,  the  numbeT  of  degrees  denoted  by  the 
circle  after  taking  tqn  observations,  would  have  been  595^20',  this  divided  by  20,  (twice 
the  number  of  observations,)  will  give  for  the  observed  altitude  29"  46',  and  by  adding^ 
the  semi-diameter  16',  parallax  8'^,  and  the  correction  found  by  Tables  XXXIL  and 
XXXIII.  viz.  11  seconds,  and  subtracting  the  refraction  1'  39",  the  central  altitude  will 
be  obtained  30^  0'  40"  as  in  the  page  before  mentioned. 

*  In  case  the  wind  blows  fre«iv  you  mit-^t  use  a  screen  fornithi  of  two  planes  of  talc  or  g'lass  whose  snr- 
facosorc  ^'lound  porfrctly  i>nrallcl.  and  ronnected  lo£!;otbcr  in  a  frame  so  as  to  make  an  aiigle  of  about  00* 
with  each  other.  Tliis  Iramo  ib  to  be  jAaced  over  the  box  containinof  the  fluid,  and  the  rays  of  the  sun 
p^*sin£;  thro!i»^h  one  of  llie  plates,  is  reflected  from  the  surface  of  the  U(iuor,and  passes  through  the  other 
plaie  (o  llic  eye  of  the  observer.  The  use  of  these  plates  i$  to  be  avoided,  wlien  it  can  possibly  be  done, 
on  account  of'thc  defect  of  parallelism  of  the  surfaces.  This  error  is  ^ncraJIy  greatest  near  the  bon'er  oi 
the  t^la^s,  so  that  it  has  l>een  recommended  to  cover  the  cx\ge  of  ike  glass  with  a  paper  or  some  |xunt»  to 
the  distance  of  {  or  1  inch  from  the  frame.  If  the  surfaces  of  the  glass  are  perfectly  parallel,  the  observed 
aiiirle  will  be  the  same  as  if  the  scrcf-n  had  not  been  tised.  If  the  rertectrn^:  fluid  is  molasses,  air  bubbles 
u  iil  somciinies  rise  ou  the  surface;  by  the  sun's  heat,  this  may  in  some  measure  be  avoided  by  beatiug  ibc 
mol;v»-.fs  bvibre  using-  it. 

T  If  the  i'struuient  has  an  ind^x  error,  If  must  be  applied  tO  the  obsened  angle,  or  tl»e  bnlf  of  tlio  in- 
tl'  xciTor  iiiu'^i  bo  .ipplicd  to  the  :?ur/s  nUi'.udc. 
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TO  DETERMINE  THE  UlTVTVDE  ON  SHORE,  &q.       lOaf 


Altitudes  may  be  observed  in  this  manner  in  taking  an  azimuth  for  deter- 
mining the  variation,  or  for  regulating  a  watch  in  the  manner  explained  in 
this  work.— -Observing  in  all  cases,  that  the  half  of  the  observed  angle  is  to 
be  corrected  for  refraction,  paraUax,  and  semi-diameter,  but  not  for  the 
dip  of  the  horizon ;  and  that  half  the  index  error  only  is  to  be  applied. 


TO  FIND  THE  LATITUDE  BV  AN  ALTITUDE  OF  THE  POLAR  STAR^ 

IN  northern  climates  the  la- 
titude may, be  determined  by 
mesBB  of  an  observed  altitude 
of  the  Polar  Star,  provided  the 
apparent  time  of  observation 
can  be  ascertained  within  a 
few  minutw.^  This  method 
might  be  frequently  used  at 
sea,  when  the  horizon  is  well 
defined,  if  that  star  were  of 
the  first  magnltu4e,  but  being 
only  of  the  Sd.  or  3d.  magni- 
tude, it  is  sometimes  so  dim 
that  it  is  rather  difficult  to  de- 
tenlune  the  altitude  with  pre- 
cision. However,  as  there  are 
times  when  it  would  be  of  great 
Importance  to  determine  the 
latitude  within  10  or  12  miles, 
it  was  thooght  adviseable  to  ex- 
plain this  method,  which  may 
w  used  when  observation^  of  the 
aim  or  moon  cannotbe  obtained. 

Having  tbeiefore  the  appa-  • 
rent  time  of  observation  (which 
must  be  reckoned  from  noon  to 
noon  in  numerical  succession, 
that  is  Qi.  A.  M.  must  be  call- 
ed 18h.  &c)  and  the  observed 
altitude  of  the  star  determined 
by  a  fore-observation,  you  must 
aulrtract  from  tte  altitude  the 
dip,  which  is  in  general  4  mi- 
nutes, and  the  refraction,  and 
you  will  obtain  the  true  alti- 
tude of  the  star.  Then  the 
sun's  right  ascension  corres- 
sonding  to  the  given  day,  must 
be  found  in  Table  Yl.f  and 
added  to  the  apparent  time  of 
observation  (rejecting  24  houn 
when  the  sum  exceeds  24hour8) 
with  fliat  sum  enter  the  adjoin- 
ed table  and  take  out  the  cor- 
lesponding  correction,  which 
must  be  added  to,  or  subtract* 
ed  from  the  true  altitude,  ac- 
cording to  the  directions  in  the 
table — ^the  sum  or  difierence  will  be  the  latitude  of  the  place  of  observation. 


Find  in  tbe  uUc  coluiun  the  ram  of  the  hour  of  the  dav 
and  the  tun**  right  afceiwkia,  and  Uie  number  in  the  middle 
coiumo  will  be  the  correction  of  the  true  altitude. 

U  the  hour  i«  found  ID 
these  coiumnt,  the  cor- 
rection is  aabtracdre. 

Correction 
ofthealU. 
tude. 

11  Uie  hour  i*  louad 
in  tbeie  oolnmn^  the 
correction  !■  addiUve. 

h.  m. 

h.  m. 

O      f 

h.  m. 

h.  m. 

0.  58 

0.  58 

1.  38 

12.  58 

12.  58 

1.     3 

0.  53 

1.  38 

12.  53 

13.    3 

1.  13 

0.  43 

1.  38 

12.  43 

13.  13 

1.  S3 

0.  33 

1.  38 

12.  33 

13.  23 

1.  33 

0.  23 

1.  37 

12.  23 

13.  33 

1.  43 

0.  13 

1.  36 

12.  13 

13.  43 

1.  .53 

0.     3 

1.  35 

12.     3 

13.  63 

2.     3 

23.  53 

11  34 

11.  53 

14.    3 

2.  13 

23.  43 

1.  33 

11.  43 

14.  13 

2.  23 

23.  33 

1.  31 

11.  33 

14.  23 

2.  33 

23.  23 

1.  SO 

11.  23 

14.  33 

2.  43 

23.  13 

1.  28 

11'.  13 

14.  43 

2.  53 

23.     3 

1.  26 

11.    3 

14.  63 

3.     3 

22.  53 

1.  24 

10.  53 

16.    %. 

3.  13 

22.  43 

1.  22 

10.  43 

15.  13 

3.  23 

22.  33 

1.  19 

10.  33 

15.  23 

3.  33 

22.  23 

I.  16 

10.  23 

15.  33 

3.  43 

22.  13 

1.  14 

10.  13 

16.  43 

3.  53 

22.     3 

1.  11 

10.     3 

15.  53 

4.     3 

21.  53 

1.    8 

9.  63 

16.     3 

4.  13 

21.  43 

1.     5 

9.  43 

16.  13 

4.  23 

21,  33 

1.     1 

9.  33 

16.  23 

4.  33 

21.  23 

0.  58 

9.  23 

16.  33 

4.  43 

21.  13 

0.  54 

9.  13 

16.  43 

4.  53 

21.     3 

0.  51 

9.    3 

16.  63 

5.     3 

20.  53 

0.  47 

8.  53 

17.    3 

5.  13 

20.  43 

0.  43 

8.  43 

17.  13 

6.  23 

20.  33 

0.  39 

8.  33 

17.  23 

5.  33 

20.  23 

0.  36 

8.  23 

17.  33 

5.  43 

20.  13 

0.  32 

8.  13 

17.  43 

5.  53 

20.     3 

0.  27 

8.     3 

17.  63 

(>.     3 

19.  53 

0,  23 

7.  53 

18.     3 

6.  13 

19.  43 

0.  19 

7.  43 

18.  13 

6.  23 

19.  33 

0.  15 

7.  33 

18.  23 

6.  33 

19.  23 

0.  11 

7.  23 

18.  33 

6.  43 

19.  13 

0.    6 

7.  13 

18.  43 

6.  53 

19.    3 

0.    2 

7.     3 

18.  53 

6.  58 

;8.  58 

0.    0 

6.  58 

18.  59 

/ 

*  If  tbe  ftar  is  not  far  from  tbe  meridian,  aa  error  of  half  an  hour  In  the  time  would  not  af&tt  ttis 
latitude  above  l  or  3  miles. 

f  It  is  accorato  enongh  to  laks  tbe  oombers  fives  in  tbe  table;  but  lo  strlctneis  tbe  right  aseenriott 
anight  to  be  taken  from  the  Nantical  AJmanar,  far  (he  boar  of  obssrvatfon,  reduced  to  G^veowlch  Hmew 
toy  adding  or  soblracllng  the  longimde  turned  Into  timei 

In  some  of  the  copies  of  the  sooond  edition  oflfais  work,  the  words  additive  and  sabtiacttve  wers  print 
ed  in  the  wrong  columns.  This  table  will  require  a  correcUon  after  a  fisw  years,  on  account  of  the  vu1a« 
cion  of  dedlnanon,  and  rlgbt  ascension  of  the  star.  It  oorrasponds  neoty  to  the  year  1884;  for  every  year 
after  that  time  vou  must  add  one  quarter  of  a  minute  to  the  times  in  the  side  columns,  aoddecrnse  tbfe 
rcorrections  <  '   "■  ^     *  ^    — .       -  -  ... .--o  ...-  ^.. .  .     . 


of  alti^e  about  ^  part.  Thus  for  the  year  1838  the  times  must  be  Increasm. 
am.  forihe  12  years,  so  that  Oh.  68*  must  be  called  ih.  Im.  and  all  the  corrections  of  altitude  mutt  be  d»- 
crea^  n  P'''^  w  that  l*  16'  nwt  be  l<*  16'  nearly  and  0<»  39  must  bo  0«  sri  nesrly* 


15t  TO  FIND  THE  LATITUDE  BY  AN  ALTITUDE  OF,  &c. 

EXAMPLE   I. 

At  6h.  9m.  P.  M.  June  3,  1920,  the  obserred  altitude  of  the  Polar  Star  vroi  l6^  10 
the  dip  4'.     Required  the  In  tit  n}r  of  the  place  of  observation  ? 

©♦s  Right  As 4h.  44iD.     Observed  altitude 16^  W 

Hourofobs 6      9         Sub.  Dip  4',  Refrac.  3' ...-..•.  7 

Sum 10    63         True  Altitude 16      i 

Correction  corresponding  add      1    24 

Latitude 17    87  N. 

EXAMPLE   IL 

On  the  I4lh.  September,  1820,  at  2h.  2m.  A.  M.  the  altitude  of  the  Polar  Star  was  94^' 
16',  when  the  dip  was  4.'    Required  the  latitude  7 

n.    M.        Observed  altitude $4<^  16^ 

Hr.  of  obs.  2h.  3m.  A.  M.  or    14    2         Dip  4',  Ref.  3',  Sub. 6 

0»s  Right  Asc 11  28  

True  altitude 24    10 

Sum,  rejecting  24h. ........   1  30         Con-esponding  corr.  sub. ....  1    37 

Latitude • 22    33  N- 


TO  FIND  THE  TIME  AT  SEA,  AND  REGULATE  A  WATCH- 

WE^have  already  noticed  the  difference  between  the  civil*  astronomical 
and  nautical  computation  of  time  ;  but  as  it  is  a  subject  of  great  importanoe, 
it  may  not  be  unnecessary  again  to  repeat,  that  a  civil  day  is  reckoned  from 
midnight  to  midnight,  and  is  divided  into  SA  hours;  the  first  12  hours  are 
marked  A.  M.  the  latter  12,  hours  P.  M.  being  reckoned  from  midnight  in 
numeral  succession  from  1  to  12,  then  beginning  again  at  1  and  ending  at 
12.  Astronomers  begin  their  computation  at  the  noon  of  the  civil  day,  and 
count  the  hours  in  numeral  succession  from  1  to  24,  so  that  the  morning 
hours  are  reckoned  from  12  to  24.  Navigators  begin  their  computation  at 
noon*  12  hours  before  the  commencement  of  the  civil  day  (and  24  hours 
before  the  commencement  of  the  astronomical  day)  marking  thehr  hours 
from  1  to  12  p.  M.  and  A.  M.  as  in  the  civil  computation. 

There  are  two  kinds  of  time,  mean  and  apparent.  3feo»  time  is  that 
shewn  by  a  clock  regulated  to  mean  solar  time.  Apparml  tkne  is  that  shcwrt 
by  the  sun,  estimating  the  apparent  noon  to  commence  at  the  passage  of  his 
centre  over  the  meridian  of  any  place.*  There  is  sometimes  a  difference  of* 
a  quarter  of  an  hour  between  mean  and  apparent  time,  owin^  to  the  uneoual 
motion  of  the  earth  in  its  orbit,  and  the  inclination  of  its  axis.  This  differ- 
ence is  called  the  equation  of  time,  and  is  contained  Table  IV.  A.  in  page  % 
of  the  Nautical  Almanac;  It  is  necessary  to  take  notice  of  the  equation 
of  time  in  determining  the  longitude  by  a  time-keeper  or  by  the  eclipses  of 
Jupiter's  Satellites ;  but  it  is  not  necessary  in  any  other  nautical  observa- 
tion, because  the  calculations  of  tlie  Nautical  Almanac,  except  the  times  of 
the  eclipses  of  Jupiter's  Satellites,  are  adapted  to  apparent  time. 

We  may  obtain  the  apparent  time  at  sea,  when  die.  ship  makes  no  way 
through  the  water,  by  observing  an  altitude  of  the  sun  in  the  morning,  an^ 
again  in  the  afternoon,  when  at  the  same  altitude,  and  noting  the  times  by 
a  watch ;  for  the  middle  time  between  these  two  observations  will  be  the 
apparent  time  of  the  sun^s  passage  by  the  meridian ;  hence  the  error  of  the 


*  There  to  atoo  another  method  of  computing  the  time,  made  use  of  ]]|f  «8troiiomers,  ailed  oi^tPmmt 
tune,  In  which  the  interval  between  two  successive  transiu  of  a  fixed  star  t»the  meridian  Is  ettioMUed  *• 
aiboun,  commencing  the  day  at  the  time  the  ISrtt  point  of  Aries  to  on  the  meridian,  M  that  the  boor  U» 
^mmi  time  is  the  same  as  the  right  as«eraioii  of  the  ineriaian.  unjuz^u  uy  ^^  ^  ^^  i^ 


XO  FIND  THE  TIME  AT  SEA,  AND  REGULATE  A  WATCH.  155 

'watch  mar  be  found.  A  small  correction  is  necessary  for  the  variation  of 
the  sun*s  declination  during  the  interval  between  the  observations,  and  the 
method  of  calculating  this  correction  will  be  given  in  this  work,  but  thia 
method  cannot  often  be  made  use  of  at  sea  by  reason  of  the  motion  of  the 
vessel. 

The  beat  method  of  obtaining  the  apparent  time  at  sea,  is  by  observing, 
by  a  fore  observation,  the  altitude  of  the  sun's  lower  limb  when  rising  or 
Jailing  fastest,  or  when  bearing  nearly  E.  or  W.  to  this  altitude  we  must  add 
the  semj>diameter.  and  parallax,  and  subtract  the  dip  (or  instead  of  these 
three  corrections  add  14',»  which  will  answer  very  well  for  an  observation 
taken  on  the  deck  of  a  common  sized  vessel ;)  subtract  also  the  refraction 
taken  from  Table  XII.  and  the  remainder  wiirbe  the  correct  altitude.  The 
ship's  latitude  must  be  found  at  the  time  of  observation  by  carrying  the  rec- 
koning forward  to  that  time.  The  declination  must  be  taken  from  Tablo 
IV.  or  from  the  Nautical  Almanac,  and  corrected  for  the  ship's  longitude,  and 
tlie  distance  of  the  sun  from  the  mei-idian  by  Table  V.  Then  if  the  latitude 
and  dedmatim  be  both  north  or  both  soiUhi  std^tract  the  dectmation  from  90^ 
£md  tfou  mU  haije  the  polar  distance ;  but  if  one  be  north  and  tlie  other  south, 
add  (ke  dtelination  to  90^  and  you  unll  have  the  polar  distance. 

Having  thus  found  the  correct  altitude,  latitude,  and  polar  distance,  the 
apparent  time  of  observation  may  be  found  by  either  of  the  three  following 
methods,  of  which  the  first  is  the  most  simple,  since  it  does  not  require 
the  table  of  nataral  sines,  all  the  logarithms  being  found  in  Table  XXVIL 
This  method  is  abridged  by  means  of  the  table  of  hours  affixed  to' the  table 
of  log.  sines ;  in  using  which  you  must  observe,  that  if  the  sine  or  co-sine  of 
the  ^garithm  sought  is  marked  at  the  top  of  the  table,  the  name  of  tiSuir 
either  A.  M.  or  P.  M.  is  also  to  be  found  at  the  top,  and  the  contrary  if 
the  sine  or  co-sine  is  maiiced  at  the  bottom. 

Ta  fand  the  apparent  time  by  iht  sun's  altitude.  *    ' 

F^RST  HETHOP. 

Add  together  the  correct  altitude  of  the  swCs  centre^  the  latitude  and  the  per- 
iar  distance  ;  from  the  half  sum  subtract  the  sun's  altitttde,  and  note  the  remain- 
der. Then  add  together  the  log.  secant  of  the  latitude  (this  and  all  the  other 
Z«gf.  being  found  in  Table  XXVII.)  the  log,  co-secant  of  the  polar  dist.  (re" 
jecting  10  m  each  index)  the  log.  cosine  of  the  half  sum,  and  tlie  hg.  sine  of 
ike  remainder,  half  the  sum  of  these  four  logarithms  bei^  sought  lor  in  the 
eolumn  of  log.  sines,  vnll  correspond  to  the  hour  of  the  day  in  one  of  the  hour 
coiumns. 

EXAMPLE   I. 

i 
Suppose  that  on  the  10th  of  October,  1824,  sea  account,  at  8h.  Sim.  A. 
M.  per  watch,  in  the  latitude  of  51^  30'  N.  and  long.  114°  E.  from  Green- 
-mrieik  by  account,  the  altitude  of  the  sun's  lower  limb  by  a  fore-observation 
-waA  ISP  SS',  the  correction  for  semi-diameter,  parallax  and  dip  !£' — Re- 
'quired  the  apparent  time  of  observation  ? 

By  example  HI.  page  111,  the  declination  was  6^  34'  S.  this  added  to 
BC^  ^ves  the  polar  distance  98^  34'.    To  the  sun's  observed  altitude  13^ 
3S%  I  add  1£  miles  and  subtract  the  refraction  4',  the  remainder  is  the  ; 
correct  altitude  13^  40^. 


^  Tb6  MttWdtaflMlct  to  in  seneral  aboat  16%  tb«  iwrallax  nerer  exceeds  9",  and  the  dip  is  about  4' } 
ad  aa  the  uro  fbmer  comct&ns  are  additive  and  the  t»tter  subtractive,  tiie  effect  of  aU  three  correc- 
'mmB  vill  Boc  differ  materlaU;  from  12'  additive. 
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O's  cor.alt....  13040' 

Lat 51     30  secant   ....  0.2058o 

Polar  dist 96    34         co-^cant  . .  0.00286 

Sum 161    44 

Half  Sam 80    62         co-sine  ....  9.2006^ 

0'sAlt 13    40 


Rem-. 67    12         sine   .:....  9.96467 


2)19.37405 


sine 9.68702  corresponding^  to  which  in  t^e 

column  marked  A  M.  is 8h.    7m.  9s. 

Time  per  watch 8h.  21m. 


Watch  too  fast  13    51 

Hence  the  time  of  taking  this  observation  is  Oct.  10,  8h.  7m.  9s.  A.  ^f. 
sea  account,  or  which  is  the  same  thing,  Oct.  10,  20h.  7m.  9s.  reckoning 
from  noon  to  noon ;  the  time  by  the  Nautical  Almanac  being  October  dd. 
sob.  7m.  9s. 

EXAlVfPLE  II. 
Suppose  that  on  the  10th  of  May,  1824,  sea  account,  at  5b.  90m.  P.M. 
per  watfth,  in  lat.  SQO  54'  N.  long,  by  account  17°  30'  E.  from  Greenwich, 
I   the  iiltitui^  of  the  sun's  lower  limb  by  a  fore-observation  was  15^  45',  tlio 
cQ^ection  for  dip,  parallax  and  semi-diameter  being  12  miles,  consequently 
^    ||i«  correct  altitude  15^  54' — ^Required  the  apparent  time  of  the  observation? 
,  By  Example  IV.  page  111,  the  sun's  declination  was  17°  28'  N.  whicU 
»8{ibtracted  from  90^  leaves  the  polar  distance  72^  52'. 
0'3Alt....  15°  64' 

Lat 39    54  secant....  0.11511 

PoLdist....  72    32  co-secant     0.02050 


Sum 12s    20 


^  Sum 64    10  co-sine  .  ^  •  9.63024 

O'sAU 15    54 


Remainder      48    16  sine   9.87288 


2)19.64773 


sine 9.S2386  (Corresponding  to  which  in  the 

column  P.  M.  is    5h.  34m.  26s.  the  true  time  of  day. 
Time  per  watch     5    30 

Watch  too  slow     4    26 

»    .     EXAMPLES  TO  EXERCISE  THE  LEARNER. 
-    ,1.   In  lat  36<'  39^.  0»s  declination  9^  27'  N.  the  altitude  of  the  0»s  lower  limb  in 
m  morning  was  observed  10^  33'.*    Required  the  apparent  time  ? 

Answer,  7h.  23m.  Sis. 
2;  In  lat.  36°  21'  S.  0's  declinadon  SP  44'  N.  tfSt  0's  L.  L.  in  morning  10*>  48'.=*^ 
Required  the  appardnt  time?  W        Answer,  7h.  22m.  lis. 

3.    In  lat.  29^  25'  N.  0's  declination  23°  20'  N.  observed  alt.  of  0's  lower  limb  io 
^    the  afternoon  14P  68'.*    Required  the  time?  Answer,  5h.  41m. 

•   4.    In  lat  39  31'  S.  0»s  declination  20°  3'  S.  observed  alt  ©'s  L.  L.  38°  41*  in  tht 
liternoon.    Required  the  time  ?  Answer,  3h.  18m.  47s. 

5.  In  lat.  13V  17'  N.  0's  declination  22<^  10'  S.  in  the  morning  observed  alt  of  0's 
L.  L.  36^  26. '^    Required  the  time  ?  Answer,  9h.  I7m.  8s. 

6.  In  lat.  210  36^  S.  0's  declination  3^  37'  9.  in  tiie  morning  observed  altitude  of 
O's^L.  L.  35°  48'.*    Requbed  tiie  time  ?  Answer,  8h.  29m.  SOs. 

Z  ^  '        SECOND   METHOD. 

^*ind  as  in  the  former  method,  the  sun's  correct  altitude,  the  ship's  latitude, 

tod  the  polar  distance ;  thence  the  sun's  correct  zenith  distance  and  the 

IJ!  f^t^'^'^^^^r  ^  ^P  "^  sem&HUaiMMr  being  12*  addiUvv,  Uie  comcdon  for  re&aetioa  Is  aly  to 
atr  sjipjiiBii  unsoaL 
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complement  of  latitude  ;  then  add  together  t?ie  zenith  distancty  Ohlatitude, 
and  poiar  distance^  from  half  their  sum  stibtract  the  zenith  distance,  and  noft 
the  remainder ;  then  add  together  the  log.  co-secant  of  the  co-laU  (this  and  all 
the  other  logs,  being  fmmd  m  Table  XXFIL)  tJie  log.  co-secant  of  the  polar 
distance  (rejecting  10  in  each  index)  the  sine  of  the  half  sum  ana  the  sme  of 
the  remmnder,  half  the  sum  of  these  four  logarithms  being  found  among  the 
log.  co-sines,  will  correspond  in  one  of  the  adjoined  columns  to  the  time  of  iay. 
The  two  preceding  examples  are  thus  worked  by  this  method. 
EXAMPLE  I.       ^ 
90°  (K  90°  0'  90°  O' 

O^scor.slt       13  40  latitude      5130    0'8  dec.        6  34 


ZeiLdiat 76  20 

Co-hlL 38  30 

PoLdist 96  34 


co-secant 
co-secant 


0.S0585 
O.0OS86 


co-Iat.        38  30    Pol.disfr.      96 /.^jr 


Sum 211  24 


4  Sum 105  42    sine 9.98349 

Zen.  disL  ...    76  20 

it^nu 29  22    sine 9.69055 

2)19.83275 


co-sine       9.94137    corresponding  to  vtrluch  in  tfe  eolulida     ^ 
A.  M.  IS  8li.  7m.  98.  the  time  of  day,  which  agrees  with  the  other  method. 

EXAMlPLE  II. 

900  0^ 
latitude      39  54    0's  dec. 


♦•#» 


90°. 0' 
15  54 


iz>^s  cor.  alt 


Zen-dist.....  74    ( 

Co-bL 50    6 

PbL  dist 72  32 


17  S8*^     * 


co-sec. 
co-sec. 


0.11511 
0.02050 


co-Iat.        SO    ^    Pol.  diSt     72  32 


196  44 


h  Sam 98  22 

ZeiLdist. 74    6 


9.99535 


Eemainder .  •  •  •  24  16      sine 


9.61332 
2)19.74478 


co-sine     9.87239    corresponding  to  ivhich  in  the  coTunlh 
P.  M.  is  5h.  34m.  27s.  the  time  of  day,  which  agrees  nearly  with  the  first  method. 

By  the  precuding  method  you  may  find  the  beginning  or  ending  of  the 
twili^t,  by  calculating  the  hour  when  the  sun's  zenith  distance  is  108^  (or 
when  the  sun  is  18^  below  the  horizon)  for  by  observation  it  has  been  found 
that  the  twilight  begins  or  ends  when  the  sun  is  at  that  distance  from  the  zenitl\.'* 

EXAMPLE. 
Beouired  the  time  of  beginning  and  ending  of  the  twilight,  June  23,  1820,  at  Boston? 

Zen.  dist 1080  0^ 

Co-lat  .......  .47  37  co-secant         0.13156 

Pol.  dist 66  33  co-secant        0.03744 


Sum 222  10 

JSum nTT 


Zen.  dist.  .  •  •  • 
Remainder  ••• 


108 


sine 9.96991 

sine 8.73069 


18.86960 


4  sum  co-sine  9.43480   which  tn^ 

I  to  2lh.  6m.  20*.  A  M.  and9h.  53m.  408.  P.  M.    Therefore,  the  first  appearance 

of  tbe  twitif^t  in  the  momiog  was  at  2h.  6m.  20s.  and  the  end  of  it  in  the  eyening  at  ^ 
$301.40*.  - 


IM  TO  FIND  THE  TIME  AT  SEAr  AND  REGULATE  A  WATG»t 

THIRD  METHOD. 

If  the  sun  or  starts  declination,  and  tlie  latitude  be  both  north  or  both, 
sonth,  take  their  difference,  but  if  one  be  north  and  the  other  south,  take 
their  sum,  and  from  the  natural  co-sine  of  tliis  difference  or  sum  subtract 
the  natural  sine  of  the  true  altitude  (both  bemg  found  in  Table  XXIV.)  find 
the  log.  of  their  difference  (in  Table  XXVI.)  add  thereto  the  log.  secant  of  the 
latitude  (from  Table  XXVII.)  and  the  log.  secant  of  the  sun  or  star's  declina- 
tion (from  the  same  Table)  rejecting  10  in  each  index ;  the  sum  of  these  three 
logarithms  being  found  in  the  column  of  rising  (Table  XXIII.)  the  hours, 
minutes,  and  seconds  corresponding,  will  be  the  apparent  time  from  noon,  if 
an  altitude  of  the  sun  was  taken :  but  if  a  star  was  observed,  the  correspond- 
ing time  will  be  the  horary  distance  of  the  star  from  the  meridian. 

The  two  preceding  examples  are  thus  worked  by  this  third  method. 

EXAMPLE  I. 

XAtitiade ....SloaCTN.  seeuit  030680 

JtoeHnalioB 6    34  8.  secant  OOOSM 

Sum M      4       '  Nateo-|}De fi28« 

S^an*«  oorr.  altbude     13    40  Nat  sine 896i7 

Piffer. 29266         log*       4.4663S 

TKhicb  la  tho  column  of  riling  U 3h.  £2m.  Ais. 

13 


ffuMlmcted  from  18b.  IcaTcs  thetnie  time S      ^ 

Time  per  watch       8    Si 


jner 


metbofto. 


Watch  too  fast  19      61  agncbngwith  t^/ov 


EXAMPLE  n. 

LaUtude «90  64'N.  secant  an51 1 

I>eclinaaon....;....17    28  N.  secant  a020^ 

JKiTBreoce S2   26  .     Fat.  eo^lae  . . . .  9S4S2 

Corr. aliunde 15   M  Natsine 27S96 

DUferem^e 65036  log.      4.81315 

44M876 
^hr<fb  la  the  eolurnn  rising  is       5b.  34m.  27s.  agreeing  nearly  with  the  other 

time  per  watch       3     30 

Watch  toe  slow  4      27 

Tojind  the  appartni  time  by  an  altitude  of  a  fixed  atar^ 
Correct  the  observed  altitude  for  the  dip  and  refraction  (the  dip  being  ge.- 
nefally  4  minutes  when  the  olffaervation  is  taken  on  the  deck  of  a  common 
sized  vessel)  find  the  ship's  latitude  at  the  time  of  observation,  and  the  starts 
light  ascension  and  decimation  in  Table  VIII.*  then  add  together  the  star's 
correct  altitude,  the  ship^s  latitude,  and  the  polar  distance ;  from  the  half 
0um  subtract  the  star's  altitude,  and  note  the  remainder.  Then  add  together 
the  log.  secant  of  the  latitude,  the  log.  co-secant  of  the  polar  distance,  re- 
jecting 10  in  each  index,  the  log.  co>sine  of  the  half  sum,  and  the  log.  sine  of 
the  remainder,  half  the  sum  of  these  four  logarithoM  will  be  the  log.  sine  of 
half  the  hour  angle ;  take  out  the  corresponding  time  in  the  column  marked 
p.  M.  (Table  XXVII.)  and  apply  it  to  the  star's  right  ascension,  by  sub- 
Iracting  when  the  star  is  east  of  the  meridian,  or  adding  when  west  of  the 
meridian,  the  sum  or  difference  will  be  the  right  ascension  of  Qie  meridian. 
From  the  right  ascension  of  the  meridian  (increased  by  24  hours  if  neces- 
sary) subtract  the  sun's  right  ascension  at  noon  at  Greenwich,  taken  from 

*  Ttie  rlg:ht  ascrosiona  and  declinations  of  the  stars  in  Table  VIH.  are  the  mean  valnes  for  Janoaiy 
1st)  1820,  awi  must  be  reduced  to  the  time  of  obaervatien  by  means  of  tlie  anntial  variation  Gfivea  in  tne 
same  Table.  Wbea  verj  great  accuracy  is  re<{uired,  the  right  ascension  and  declination  thus  obtained, 
must  be  corrected  for  the  AberraUon  and  Mutation  as  exphuned  in  tlie  precepts  of  Tstales  XLII. 
3XTII. ;  bht  in  fenerai  ttiese  Gorreclions  may  be  neglected.  These  corrections  are  Iwwever  all  noUced 
In  the  ptoces  of  24  of  the  most  noted  hxed  stars,  given  io  the  Kautieal  Almanac  since  the  year  1822,  fiur 
avery  ten  days  in  the  year,  and  when  any  of  these  stars  are  used,  the  places  must  be  taken  out,  to  the 
nearest  day,  from  the  Nautical  Almanac,  without  any  farther  correction.  TIras  in  July  28^  1824,  Pn- 
cyon^s  right  ascension  was  7h.  80m.  7s.  nmtJi  pokur  distance  ZV^  19'  52"  or  3*  40*  8"  N.  decQaatiosi.  ctir- 
vnpoadbig  to  Sfio  40*  8"  sou/A  polar  distance.  TUs  additional  Table  of  the  Katitlcal  Atm^toac  slbipIIBis 
this  Uod  of  osteolation  lynslderaWv.  t^yuzeu  uy  ^^  ^  ^ -L  i-.^ 
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l>age  Sd*  of  the  month  in  the  Nautical  Almanac,  the  remainder  will  be^tlie 
apfyfoximate  time  at  the  ship.  To  this  time  apply  the  longitude  of  the  ship 
from  Greenwich,  turned  into  time,  by  adding  in  west  longitude  or  subtract- 
ing in  east  longitude,  the  sum  or  difference  will  be  the  apparent  time  of  the 
observation  nearly,  at  the  meridian  of  Greenwich.*  Take  from  the  Nautical 
Almanac  the  sun*s  right  ascension  for  the  preceding  and  following  hoonS« 
and  take  the  difference,  which  seek  for  at  the  top  of  Table  XXXI.  f  and  tlie 
hours  and  minutes  of  the  time  at  Greenwich  in  the  side  column,  the  corres- 
ponding correction  being  subtracted  from  the  approximate  time  at  the  ship^ 
will  give  the  apparent  time  required. 

EXAMPLE  I. 
Suppose  that  on  September  9, 1820,  sea  account,  in  latitude  7^  45'  8.  and 
longitude  90^  18'  E.  from  Greenwich,  the  altitude  of  the  star  Procyon,  being 
then  east  of  the  meridian,  was  28^  16'  and  the  dip  4'.    Required  the  time  of 
observation  ? 

By  Table  VIII.  for  the  jear  1820. 

Procyon's  right  Bflcenflion 7h.  29^  52"  Dec.         59  41*  Hi^ 

VaiiakioD  in  8^  months S  Var.  0 

Star's  light  ascension 7     29    54  Dec.         5    41  tf. 

'8Ux>8  obs.  alL  ....  280  ie'  90 

mp 4 


Bcr.tva>iexn.. 

Carrect  altituda. 


FtriardMaace. 


28    12 


.28  Id 
.  7  45 
.95    41 


Fo1.ai8t95    41 


Stiin  •-•• 


.2)131    36 


iSom 66    48 

Alt 28    10 


secant ...  0.00399 
co-sec....  0.00214 


eo-sine...  9.61270 


.37    Sd 


9.78576 


2)19.40459 


tb^colimmP.  M«  is 


i  sum  siae  9.70229  corresponding  to  whichi  iiv 

4h.   2m.  28. 

Star's  rig^t  ascension 7    29    54 


Right  ascension  of  the  meridian 
Increased  by  •• 


%itL  9.  sea  accoiAti  is  September  8^  by  N.  A.  sun's  R.  A.  aooa  . 


Approximate  time  at  the  ship  «•••  16    20    32 
Sh^'s  longitude  30^18^  m  time  ••   9      1     12  ^ 


3 
24 

27 

5^ 

27 
11 

27 
7 

52 

20 

16 

20 

1 

32 
12 

Time  at  Greenwich  neariy  . 
llh.   7m.  208. 
11    10      56 


14    19    do 


idn's ti|^t ascension  Septembers, 
September  9, 

Dady difierence 3      36    The  correction  of  Table  XXXlT. 

cteresponding,  is  2m.  9s.  which  being  subtracted  from  the  approximate  time  I6h.  20^  32^^ 
ieatcs  the  apparent  time  at  the  ship  I6h.  ly  23^^  or  4h.  IS^  23"  A.  M4 

*  Whto  tira  ram  ezceedii  ^  hours,  ytm  rouci  subtract  24  buare  aiid  add  1  to  the  day  of  the  month,  and 
wkem  the  boon  to  be  snUracted  anr  more  tbaii  the  hours  of  ilie  time  at  the  sbii*,  yoa  mast  add  34  booi-s 
to  tf«  iattier.prtvkMia  to  the  sobtraction.  And  take  1  day  firom  the  day  of  the  monih. 

f  TdUe  XJOLL  b  only  calculated  to  12  hours.  U  the  time  at  Gt^nwich  exceeds  13  hourR,  you  mttst 
M  cake  oat  th«>  rorreenon  for  13  houiSf  and  add  it  to  the  correction  taken  out  for  the  i«st  of  uie  time ; 
I  will  be  the  souf^c  oorr^ion. 


If  the  ship  was  furnished  with  a  Chronometer  regulated  to  Greenwich  time,  the  (Sft  Rifi^lit  Ascen- 
mlgbt  have  been  foand  at  once  from  the  Nautical  Almanac  to  be  the  sum  of  llh.  7m.  80s.  and  2m.  dl* 
j1  to  llh.  9a»  2Sk.  which  subtracted  from  S7h.  37nL  53s.  givm  the  apparent  time  at  the  ship  16b.  Itm* 
■tGfie  slafpiT  than  by  the  above  methcaL    The  naie  reiaark  will  apply  to  other  exunples.    ^  ^ "" 


UI>  TO  FIND  THE  TIME  AT  SEA,  AND  REGULATE  A  WATCH. 

EXAMPLE  II. 

Suppose  that  on  April  16, 1840,  sea  account,  in  lat.  48°  57'  N.  and  long. 
QQoyf,  the  observed  altitude  of  Aldebaran  when  west  of  the  meridian  wa* 
eaP  25',  and  the  dip  4'.    Required  the  apparent  time  at  the  ship? 

H.  M.    s. 

By  Table  VIII.  for  the  year  1820,  R-  As.  Aldeb 4  25  36     I>cc.       16^  8'  N. 

Variation  for  3i  monthfl  *     Var.      0 

Star's  rigbt  asc.  4  25  37     Dec       16    8  N. 
Obs,  alt  Aldeb....  220  2y  90 


mp 4 


P-  di^  73  52 


RefiaetttQ. 


22    21 


Cor.  alt  Aldeb.  .•  22    19 

Xyitude 48    57  secant 0.18262 

^^SiiAit 73  .59  co-sec 0.01743 


^fMihiL 72    34  co-£ine 9.47654 

gET. -.22    19 

SUl^iiainder 50    15  sine  «••••••.  9.8S584 

som 2)19.56245 

i  sum  sine  ••  9.78122  corresponding  towhicBf 

jh  the  column  P.  M.  is tt.  67m.24«. 

Star's  right  ascension 4    25      37 

Right  aacen.  of  the  meridian.  •••  9    23       1 
Aj^nl  16|  Mm  account,  is  April  15,  by  N.  A.  when  9's  rt  aac.  noon  ....  1    34     It 

Approximate  time  at  ship 7    48     49 

Long.  66<^W.  in  time 4    24 

f  App.  tone  at  Greenivich ••  12    12   4^ 

&Oi^*s  right  ascen.    April  15,    Ih.  34m.  12s. 
April  16,    1      37      54 

AailT  difference  3     42  the  correction  of  Table  XXXI.  coirea-^ 

BOn&ig,  is  Inu  53s.  which  being  subtracted  from  the  uMMrozimate  time  at  the  shibs 

.  7h.  48'    49" 


lelS\  es  the  apparent  thne  at  the  ship    7      46     56  P.  M. 

This  method  of  obtaining  the  tune  by  the  stars  Would  be  accurate 'if  a 
g^od  horizon  could  be  obtained ;  but  as  that  is  not  always  the  case,  it  is 
best  to  regulate  your  watch  by  the  sun. 

To  regvlate  a  watch  by  equal  altitudes  of  the  8un. 
A  watch  may  be  regulated  on  shore  by  observing  in  the  morning  and 
livening  the  times  when  the  sun  is  at  the  same  altitude,*  for  the  midw  be- 
tween these  times  would  be  the  appaient  time  of  noon  by  the  watch  if  the 
declination  of  the  sun  remained  the  same  during  the  observation  ;  but  if  the 
declination  varies,  as  is  generally  the  case,  the  apparent  time  of  noon  deter* 
rained  in  this  manner  (which  for  distinction  we  snail  call  the  nUddk  time) 
must  be  corrected  for  the  change  of  declination  by  an  equation,  called  the 
cr^t^ton  of  equal  altitudes^  and  the  middle  tune  thus  corrected  will  be  the 

*  The  altitudes  should  be  taken  nrlieu  the  sun  rises  or  fiUh  fast.  The  bett  time  for  observation  b^di^ 
the  bearing  of  the  sun  to  east  or  west.  In  g«nei«l  two  or  three  boors  from  noon  will  be  soiEcicat.  An 
aitl£tkl  hotkoi^  formed  by  a  Tttttl  mied  with  vercuiy,  may 
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correct  time  of  apparent  noon  by  the  watch.  For  greater  accuracy,  serenil 
altitudes  should  be  taken  in  the  morning,  and  corresp'onding  ones  in  the  af- 
ternoon, and  the  mean  of  the  times  of  the  morning  and  evening  observations 
should  be  respectively  taken,  and  the  equation  of  equal  altitudes  corres- 
ponding to  the  mean  of  all  the  observations  calculated  and  applied  to  the  mid- 
dle time,  as  if  a  single  set  of  observations  only  had  been  taken. 

In  noting  the  times  of  observation,  you  must  count  the  hours  in  numeral 
succession,  so  that  if  some  of  the  observations  are  taken  before  1th.  by  the- 
watch,  and  others  after  Uh.  the  next  hour  to  1th.  must  be  called  Idh.  the 
next  14h.  fcc.  Half  the  sum  of  the  times  of  observation,  corresponding  to  any 
set  of  observations  (or  the  mean  of  a  number  of  observations)  wiD  be  the  mid-* 
die  time,  and  the  difference  of  the  times  of  observation  will  be  the  elapsed  timeu 

The  equation  of  equal  altitudes  consists  of  two  parts,  which  may  be  cal- 
culated by  the  following  rule :  .' 

Rule  1.— To  tbe  constant  log.  8.S239  add  the  log.  co-tangent  of  the  latitude,  the  log*. 
sine  corresponding  to  the  elapsed  time  fotmd  in  the  column  P.  M.  of  Table  XXVII.  fl^e 
prop.  log.  of  the  hours  and  minutes  of  the  elapsed  time,  reckoned  as  minutes  and  se- 
conds, and  the  prop.  log.  of  the  daily  rariation  of  the  sun^s  declination,  the  sum,  reject- 
ing 30  in  the  index,  will  be  the  prop.  log.  of  the  first  part  of  the  equation  of  equal  a!li«> 
tudes,  reckoning  minutes  and  seconds  as  seconds  awl  thirds  respectively. 

2.  To  the  constant  log.  S.S239  add  the  log.  co-tangent  of  the  8un*s  declination,  the 
log.  tangent  corresponding  to  the  elapsed  time  found  in  the  column  P.  M.  of  Tahlb 
XXVII.  tiie  prop.  log.  of  the  hours  and  minutes  of  the  elapsed  time  reckoned  as  minutea 
and  seconds,  and  the  prop.  log.  of  the  daily  Tariation  of  the  sun's  declination,  the  sutt^ 
rejecting  30  in  the  index,  wiU  be  the  prop.  log.  of  the  second  part  of  the  equattoo  Oi 
equal  altitudes,  reckoning  minutes  and  seconds  as  seconds  and  thirds  respecthraiy. 

The  first  part  of  the  equation  of  equal  altitudes  is  to  be  added  to  the  middle  tImeiMtea 
the  sun  is  receding  from  the  elevated  pole,  otherwise  subtracted  ;*  and  the  second  part  Si 
to  be  added  when  the  declination  is  increasing,  but  subtracted  when  decreasing  ;f  dMhf 
two  corrections,  being  applied  to  the  middle  time,  wiU  give  the  appkrent  time  <unoQn^ 
the  watch. 

EXAMPLE. 

Suppose  that  on  the  9th.  of  May,  1820,  civil  account,  in  the  latitude  of  40^  N.  WaSi 
long.  10^  W.  the  following  observations  were  taken  at  equal  altitudes  of  tbe  son.  Kf* 
qnired  the  error  of  the  watch  ? 

Alt.  0'8  L.  L.  Times  per  watch.  Times  per  waCflu 

A.  M.  P.  M. 

15"^  35'  6h.  29m.  51s.  I7h.  32m.  iai>. 

15    45  6    31        7  17     31        0  . 

15     55  6    32      14  17     29      54 


Sum  93      12 


93 

12 

17 
6 

31 
3J 

4 
4 

.    11 

0 

0 

2)24 

2 

8 

Mean    6    31        4 

DifTcrence  is  elapsed  time 

Sum 

Middletime    .., 12  1       4 

ConsUintlog 8.S239  8.$239 

Lat  4(P  co-tang 10^0762        dec.  17.25    cot 10.5035 

Elap.  time  lib.  Sine 9.9963        tang 10.8806 

Elap.  time  llh.  or  11'    P.  L 1.2139  1.2139 

Vari.  Dec.  15'  48''|        P.  L 1.0566  1.0566 


1  part  12"  15"'  P.  L I.l6i0        2d.  part  0"  86"'    P.  L.  2.4785 

The  first  part  of  this  equation  12"  15"'  U  subtractive,  because  the  sun  is  proccadihg  * 
towards  the  elevated  pole  ;  and  the  second  part  36'"  is  additive,  because  the  decUnstJon 
is  increasing,  so  that  the  whole  equation  is  about  12  seconds  subtractive ;  this  ap- 
plied to  the  middle  time  I2h.  Im.  4s.  gives  tbe  time  of  apparent  noon  by  the  waich 
]2h.  Om.  52s.  so  that  the  watch  is  52  seconds  too  fast  for  apparent  time. 

*  Thus  in  nonh  latitudes  (he  first  part  U  to  be  added  from  tht;  sammer  lotbe  winter  tolBtieSiaiMl  nth 
tracted  tbe  rest  of  tbe  year. 

t  It  U  here  supposed  that  the  elapsed  time  is  less  Uian  12  hours,  which  Js  gcnHvJIy  the  case,lMt 
if  that  Ume  exceeds  ns  hoorw,  the  second  part  must  be  applied  in  a  contraiy  manner  to  the  above  nilt« 

X  On  May  9,  at  noon,  by  the  Nautical  Almanac,  the  decllnaiion  \n$  1***  24'  4S",  and  on  Ihe  foUowlo^ 
noon  17*  40'  30",  the  difl\Tence  15'  49'',  being  tD«  daily  variation.  The  decUnathm  correipondhif  m  ilv 
Imiff.  of  lOo  W.  being  tT*  25' N-  nearly.  ^ 


(  ie«  ) 
LUNAR  OBSERVATIONS. 

AXJVIOST  all  the  methods  of  determiniiig  the  difference  of  longitude  be- 
tween any  two  places,  depends  on  the  general  ^ndple  of  flndins  the  differ- 
ence between  the  times  of  takins  any  obserration,  estimated  unaer  the  me- 
ridian of  both  those  places.  For  in  any  place  it  is  reckoned  to  be  noon 
when  the  sun  is  on  the  meridian,  and  as  the  sun,  by  his  diurnal  motion,  ap- 
pears on  the  meridian  of  Greenwich  (froin  which  the  lonptude  is  reckoned) 
one  hour  earlier  than  in  a  place  in  15^  W.  longitude.*  and  one  hour  later 
than  in  a  place  in  15^  £.  longitude,  and  in  proportion  for  a  greater  or  less 
longitude,  it  follows,  that  if  at  the  time  of  taking  an  obserration,  the  corres- 
ponding time  was  known  at  Greenwich,  the  longitude  of  the  place  of  observa- 
tiof  would  be  found  by  allowing  15^  for  every  hour  of  difference  between 
those  times,  the  longitude  being  East  when  the  time  at  Greenwich  is  earlier 
than  at  the  place  of  observation,  otherwise  West  Now  an  observer  at  any 
place,  may  determine  the  apparent  time  at  any  moment,  by  a  watch  regu- 
lated by  any  of  the  preceding  methods  ;  and  rf*,  at  the  same  moment,  the 
apparent  time  could  be  obtsmed  at  Greenwich,  nothing  more  woidd  be  ne- 
cessary for  determining  the  llrigitade.  One  method  of  determinli^  the 
time  at  Greenwich  is  by  a  watch  regulated  to  Greenwich  time ;  ft>r  it  is  evi- 
dent that  if  a  watch  could  be  so  constructed  as  to  go  uniformly  at  all  times, 
and  in  all  places,  an  observer,  furnished  with  a  watch  thus  related,  would 
only  have  to  compare  the  timfe  at  the  place  of  observation  wi^  the  time  at 
Greenwich  shewn  by  the  watch,  and  the  difference  of  the  times  would  |ive 
Ihe  difference  of  longitude.  This  metiiod  is  useftd  in  a  short  run,  but  m  a 
long  voyage,  implicit  coniKdence  cannot  be  placed  in  an  tnstnmnent  of  such 
a  dalicate  construction,  and  liable  to  so  many  accidents.  Another  method  of 
determining  the  longitude  is  by  observing  tiie  beginning  or  end  of  an  eclipse 
of  the  moon,  or  the  satellites  of  Jupiter,  and  taking  the  difference  between 
the  time  of  observation  and  tiie  time  given  in  the  Nautical  Almanac  for  the 

» meridian  of  Greenwich ;  it  being  evident  that  such  an  eclipse  must  be  ob- 
served at  both  places  at  the  same  moment  of  absolute  tiine,  consequently 
the  dUKarence  of  the  times  will  be  the  difference  of  longitude.  An  tMserva- 
tion  of  an  eclipse  of  the  sun,  or  an  occultation,  alter  making  allowance  for 
parallax,  fee.  as  taugiit  in  the  Appendix  to  thb  woric,  may  be  used  m  like 
manner,  and  this  is  the  most  accurate  method  known,  ttowever,  obeerva- 
tions  of  eclipses  are  but  of  small  practical  utility  at  sea;  for  those  of  the 
sun  and  moon  happen  too  seldom,  and  the  difficulty  of  observing  the  eclipses 
of  Jupiter's  satellites  prevents  that  method  from  being  made  use  of.  Other 
methods  have  been  proposed,  but  among  tiiem  all  there  is  not  one  of  such 
practical  utility,  as  that  by  measuring  the  ansular  distance  of  tiie  moon  fnMft 
the  sun,  or  from  certain  fixed  stars  situated  near  the  ecKptic,  usually  called 
a  Lunar  Ohtervatkn.  For  observations  of  this  kind  maj  be  taken  in  fahr 
weather  at  all  times  (except  near  the  time  of  new  moon)  when  the  objects 
are  above  8^  or  to^  above  the  horizon,  and  as  the  moon  moves  b  her  orbit 
about  I'in  t  muiutes  of  tune,  it  follows  that  if  her  angular  distance  can  be 
ascertained  from  the  sun  or  star  within  t'  the  time  at  Greenwich  will  be 
known  within  £  minutes,  and  the  longitude  within  SO  miles*  To  facilitate 
this  method,  there  is  annually  published,  by  the  Commissioners  of  Longi- 
tude in  England,  a  Nautical  Almanac,  containing  the  true  angular  distances 

'  'of  the  moon  from  the  sun  and  certaia  fixed  stars,  for  the  begfamin|of  eve- 
ry third  hour,  cakolated  for  the  meridian  of  Greenwich,  and  the  time  cor- 
responding to  any  intermediate  hour,  may  be  found  by  proportional  parts ; 
hence  an  observation  of  these  angukr  distances  being  teken  in  any  place, 
and  the  corresponding  time  at  Greenwich  found  by  the  Almanac,  and  com- 
pared with  the  time  at  the  ship,  their  difference  will  be  the  longitode  of  the 
place  of  observation.  But  before  the  observed  angular  distance  is  compar- 
ed wifeh  those  in  the  Nautical  Ahnanac,  the  corrections  for  parallax  ana  re- 
fraction must  be  applied  to  obtain  the  (me  diMUmet ;  for  the  moon  being 
seen  always  lower  than  her  true  place,  and  the  sun  and  stars  higher,  the 
true  distance  is  almost  always  greater  or  less  than  the  observed  diaiance. 

A'^y^.*"^  ^  MwTPTWi  diwndawtkwHdwcrtbw  SfiS  dtgiiet.  te»tlMwt»»  wMefcaJCt 

o  nc^icci  IB  US  hour. 
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Tlw  ugulcr  dlttmciiii  of  tlie  moon  from  the  ran  and  proper  stars,  ai« 
mtmnMjj^rwk  io  tbe  Nautical  Atmanaf.  from  one  object  on  each  aide  of 
her,  to  alrord  a  greater  number  of  opportunities  of  oMervation,  and  to  en- 
able  the  ftbserrer  to  correct  in  a  great  degree,  the  errors  of  the  instrument, 
ihft  adQiwtmenti,  or  a  faulty  habit  of  observing  the  contact  of  the  limbs,  be* 
cause  these  tmm  huTO  a  natural  tendency  to  correct  each  other,  in  taking 
tike  aieaa  of  obaenrmtion*  made  with  stars  on  diiTerent  sides  of  the  moon. 
Prsrloos  to  taidng  the  obaerration,  the  Nautical  Almanac  must  be  examin- 
edi  to  see  from  what  objects  the  distances  are  computed,  and  from  those 
obJMts  only  must  the  distances  be  measured. 

There  are  only  nine  stars  from  which  the  angular  distances  are  computed 
m  the  Nautical  Almanac ;  and  as  it  is  of  the  greatest  importance  to  be  able 
to  diseorer  them  easily,  I  shall  here  add  a  number  of  remarks  which  will 
be  fiNUid  uMfid  for  that  purpose. 

The  best  wit  of  discoTering  any  star,  n  by  means  of  a  celestial  globe* 

If  that  cannot  be  obtained,  the  time  of  the  star's  passing  the  meridian,  and 

its  meridian  altitude,  may  be  calculated,  and  by  observing  at  that  time,  the 

star  flsay  be  easily  discovered.    The  distances  marked  m  the  Nautical  Al- 

maoae  aflbid  also  to  the  observer  an  easy  method  of  knowing  the  star  from 

wkidi  the  moon's  distanee  is  to  be  observed ;  forhehasnothing  todobut  to 

met  the  sextant  or  circle  to  the  ^stance  computed  roughly  for  the  apparent 

time,  esthnaled  nearly  for  the  meridian  of  Greenwich,  and  direct  his  sight 

to  the  east  or  west  of  the  moon,  according  as  the  distance  at  Greenwich  was 

Ibund  in  the  VUI.  IX.  X.  and  XI.  pages  of  the  month :  and   having 

Ibund  the  ledected  image  of  the  moon  upon  the  horiaon  glass,  swe^p  the 

iostrument  to  the  right  or  left,  and  that  image  will  pass  over  the  sougfal  stat, 

if  above  tlie  horiaon,  and  the  weather  dear :  the  star  is  always  one  of  the 

farighteat,  and  is  situated  neariy  in  a  line  perpendicular  to  the  moon^s  horns, 

•r  which  is  the  same  thing,  in  the  line  of  the  moon's  shorter  axis  produced. 

The  computed  distance  nsade  use  of  in  sweeping  for  tiie  star,  may  be 

irand  in  thb  manner.    Reckon  the  apparent  time  at  the  ship  in  the  manner 

of  aatronomefs  (by  counting  %4  hours  from  noon  to  noon,  and  taking  the^ 

day  one  less  than  the  sea  account;)  to  this  time  apply  the  longitude  turned 

into  time,  by  adding  ui  west,  and  subtracting  in  east  longitude ;  the  sum  or 

dtferenee  will  be  £e  apparent  time  at  Greenwich  nearly.    Take  the  dis- 

tanees  from  the  Nautical  Almanac  for  the  time  inmiediately  preceding  and 

IbBowing  this  estimated  time,  and  note  the  difference  of  these  distances : 

Then  say  as  8h.  or  180^  is  to  the  difference  of  the  distances,  so  is  the  Wer- 

OBoe  bedreen  the  apparent  time  at  Greenwich  and  the  next  preceding  tune 

net  down  in  the  Nautical  Aimi^»wni»,  to  a  proportioinJ  past  to  be  added  to  the 

■ext  preee^Bng  distance  taken  from  tiie  Nautical  Almanac  if  the  distance  be 

JBcreasing,  but  subtracted  if  decreasing ;  the  sum  or  differenoe  will  be  the 

dBslmce  at  which  tbe  quadrant  or  sextant  b  to  be  fixed. 

In  sweeping  for  the  stars  by  this  method,  it  will  often  happen  that  two  or 

\  are  swept  upon  at  once ;  this  might  cause  some  difficulty  to  an  inex- 

^.aced  observer,  who  would  be  at  a  loss  to  know  wluch  to  make  use  of. 

remove  this,  the  following  description  of  these  stars  is  added. 

«ARI£T18.  Tbii  star  bean  about  WMt,  distant  83°  from  the  Pleiades 

^  M        or  Seven  Stars:  it  is  of  tiie  second  msgnitade,  and  BAy  be 

known  by  means  of  the  star  v  of  the  third  magnitude,  situated 

S.  W.  ftom  •  Arietis  at  the  distsnee  of  3i  degrees.    South 

'^  ^  from  the  star  «  at  the  distanoe  of  ifPf  is  the  aUr  v,  of  the 

«  fourth  msgnitude.  The  northernmost  or  these  stars  is  a  Arietis. 

ALPBBABAN: About  35^  E.  from  •  ArietU,  snd  14^  S.  K.  ^'omV^tri^ 

.  ades  or  Seven  Stars,  is  the  bright  star  Aldebamn.  Near  this 
■tar,  to  the  westward,  sre  six  or  seven  stars  of  the  Uurd  or 
fonrtii  magnitude,  forming  with  Aldebaran  a  figure  resemWuig 
♦♦  IIhb  letter  V,  a*  is  represented  in  the  ac^joined  figare,  where 
*  Aldebarsn  k  marked  a.  At  the  distance  of  93^  froj^thM  star, 
in  a  S.  E.  direction,  are  three  very  bright  star^  ■'iuatcd  m.a 
stiai^t  ttns  near  to  each  other,  forming  the  belt  of  Oriofi. 


a^  '^ 
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* 

POLLUX.  At  the  distance  of  45^  from  Aldebaran,  in  die  direction  vC 

£.  N.  £.  is  the  Star  PoUux,  which  is  a  bright  star,  though  not 

*  of  the  first  magnitude.     N.  W.  from  it,  distant  5^,  is  the  star 

Castor,  of  nearly  the  same  magnitude,  and  you  wiU  almost  al- 

ways  sweep  both  at  once ;  the  southernmost  is  the  one  used. 

£.  by  S.  il  S.  from  PoUux,  at  the  distance  of  37i^S  is  the  star 

Rcgulus,  of  the  first  magnitude ;  to  the  northward  of  this  star, 

^   ^  (at  the  distance  of  8^)  is  a  star  of  the  second  magnitude  \  near 

to  these  are  five  stars  of  the  third  magnitude,  the  whole  form- 

*  ing  a  cluster  resembling  a  sickle,  represented  in  the  adjoined 

figure,  Regulus  being  in  the  extremity  of  the  handle.    A  line 

"^  drawn  from  the  northern  polar  stcu*,  through  its  pointers, 

^  u^    1  passes  about  12^  to  the  eastward  of  Regulus. 


REGULUS. 


4C  SPICA. 


ANTARES. 

* 

TAQUiL^ 


£.  S.  £.  from  liegulus,  at  the  distance  of  54S  is  the  star 

Spica  of  the  first  magnitude,  with  no  very  bright  star  near  it : 

S.  VV.  from  this  star,  at  the  distance  of  about  l6^,  are  five 

stars  of  the  third  or  fourth  magnitude,  situated  as  in  the  ad- 

^^  joined  figure  ;  the  two  northernmost  of  these  stars  17,  »•,  form 

a  straight  line  with  Spica,  and  by  this  mark  it  may  be  easily 

discovered.     A  line   drawn   from   the  northern  polar  star, 

4.  through  the  middle  star  of  the  tail  of  the  Great  Bear,  will  ptas 

9  near  to  Spica. 

E.  S.  E.  from  Spica,  at  the  dibtance  of  46^,  is  the 
star  Antares,  in  26  degrees  of  south  declination ;  it  is  a  re- 
markable star,  of  a  reddish  colour ;  on  each  side  of  it,  to  the 
W.  N.  W.  and  S.  S.  E,  about  2^  distant,  is  a  sUr  of  the  thira 

or  fourth  magnitude,  no  very  bright  star  beine:  near. 

N.  E.  from  Antares,  at  the  distance  of  bO'^,  is  the  >ery  bright 
star  a  Aquile ;  N.  N.  W.  firom  which,  at  2^  distimce,  is  a  star 
of  the  third  magnitude,  and  S.  S.  E.  at  3^  distance,  another 
star  of  a  lesser  magnitude.  These  three  stars  appear  nearly 
in  a  straight  line.    The  star  a  Aquils  is  nearly  of  the  same 

^ colour  as  Antares. ^ ^______ 

'FQMALHAUT.  S.  £.  from  a  AquUs,  at  the  distance  of  60^,  is  the  sUr  Fo- 

malhaut,  which  is  a  bright  star  of  high  southern  declination,  its 
altitude  in  northern  latitudes  being  small,  never  exceeding  20^ 
in  the  latitude  of  4(F  N.  This  star  bears  nearly  south  from 
the  star  a  Pegasi,  distant  45  degrees.  A  line  drawn  from  the 
pointers,  through  the  northern  polar  star,  and  continued  to  (he 
opposite  meridian,wiU  pass  very  near  to  a  Pegasi  and  Fomaflmut. 

■    IM     ■■  I       I    !■   II      ■  ill   «     ^IP     I  IW  I  ..   .1 ■      I.     .11  .  I  I  11^ 

c  PEGASL  •        ^  by  N.  from  a  Aquilx,  at  the  distance  of  4SP,  and  west 

"^M  from  a  Arietis,  at  the  distance  of  44"^,  is  the  star  a  Pegasi, 

j2  H:  which  may  be  known  by  means  of  four  stars  of  different  mag- 

nitudes, situated  as  in  the  a^oined  figure ;  in  which  a  reprci^ 
sents  a  Pcgvisi,  /)  a  star  of  the  second  magnitude,  bearing  north 
l^*        '  of  it,  distant  13^ ;  the  others  are  of  lesser  magnitude,  und  two 

\  *  of  them,  »7,  /I,  form  a  straight   line  with  the  star  a  Pegasi,  and 

by  this  mark  it  may  be  easily  discovered. 

It  vouldbe  a  great  improvement  in  the  Nautical  Almanac  if  the  distances 
of  the  moon  were  also  given  from  the  planets  Jupiter,  Venus,  Mars,  and  Sa- 
turn, particularly  the  two  first,  as  their  distances  from  the  moon  on  account 
of  their  brightness,  can  be  measured  much  more  easily  than  from  a  fixed 
star,  such  observations  can  be  taken  during  the  tnilight.  These  distances 
have  been  published,  for  several  years,  by  Rir.  Schumacher,  of  Copenhagen ; 
also  in  Baron  Zach's  Journal. 


Central  observations  on  the  taking  of  a  Lunar  Observation. 
The  accuracy  of  a  lunar  observation  depends  chiefly  on  the  regulation  of 
the  wateh,  and  on  the  exact  measurement  of  tlie  angular  distance  of  the 
moon  from  the  sun  or  star ;  a  small  error  in  the  observed  altitudes  of  those 
objects,  will  not  in  general  much  aflect  the  result  of  the  calculation. 

uiyiLizt;u  uy  ■%_j  v^ v_>' pt  iv^ 
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7he  htit  melliod  of  regulating  a  watch  at  sea  is  by  talcing  an  altitude  of 
the  sun  when  rising  or  falling  quickly,  or  when  bearing  nearly  east  or  west, 
and  notinc  the  time  by  the  watch.  With  this  altitude,  the  latitude  of  the 
place,  and  the  sun^s  declination,  find  the  apparent  time  of  observation  by 
either  of  the  preceding  methods :  the  difference  between  this  time  and  that 
shewn  by  the  watch,  will  shew  how  much  it  is  too  fast  or  slow.  A  single  ob* 
serration  taken  with  care  will  generally  be  exact  enough ;  but  if  greater  ac- 
curacy is  required,  the  mean  of  a  number  of  observations  maj  be  taken.  If 
the  distance  of  the  sun  and  moon  be  observed  when  the  sun  is  three  or  four 
points  distant  from  the  meridian,  the  apparent  time  of  observation  may  be  de- 
duced from  the  altitude  of  the  sun  taken  at  the  precise  time  of  measuring  tiie 
distance;  this  will  render  the  use  of  a  watch  unnecessary,  and  wiU  prevent 
any  irregularity*  in  its  going,  from  affecting  the  result  of  the  observation.  If 
a  night  observation  is  to  be  taken,  the  watch  should  be  regulated  by  an  alti- 
tude of  the  sun  taken  the  preceding  evening,  and  its  going  examined  by 
means  of  another  observation  taken  the  next  morning ;  for  the  time  found  by 
an  altitude  of  a  star  cannot  be  so  well  depended  upon,  except  in  the  morning 
and  evening  twilight,  as  the  atmosphere  in  the  night  is  precarious,  and  the 
horizon  generally  ill  defined ;  but  tiie  altitude  mav  be  sufficiently  exact  for 
finding  the  correction  used  in  determining  the  angular  distance. 

Although  aU  the  instruments  used  in  these  observations  ought  to  be  well 
adjusted,  yet  particular  care  should  be  taken  of  the  sextant  of  circle  used  in 
measuring  the  angular  distance  of  the  moon  from  the  sun  or  star,  since  an  er^ 
ror  of  I'in  this  distance  will  cause  an  error  of  nearly  30'  in  the  longitude  de* 
duced  therefrom.  When  a  great  angular  distance  is  to  be  measured,  it  ia  ab- 
solutely necessary  to  use  a  telescope,  and  the  parallelism  of  it  with  respect  to 
the  plajie  of  the  instrument  must  be  carefully  examined  ;  but  in  measuring 
small  distances  the  use  of  the  telescope  is  not  of  such  great  importance,  and 
a  si^t  tube  may  then  be  used,  taking  care,  however,  that  the  eye  and  point 
of  contact  of  the  objects  on  the  horizon  glass  be  equally  distant  from  the 
plane  of  the  instrument.  But  it  ought  to  be  observed  that  it  is  always  condu- 
cive to  accuracy  to  use  a  telescope,  and  after  a  little  practice  it  is  easily  done. 

Whilst  one  person  is  observing  the  distance  of  the  objects,  two  others  ought i, 
(o  be  observing  the  altitudes  ;  and  the  watch  either  suspended  near  one  of  the 
observers,  or  put  into  the  hands  of  a  fourth  person  appointed  to  note  the 
times ;  the  observer,  who  takes  the  angular  distance,  giving  previous  notice 
to  the  others  to  be  ready  with  their  altitudes  by  the  time  he  has  finished  his 
observation,  which  being  done,  the  time,  altitudes,  and  distancef  should  be 
carefully  noted,  and  other  sets  of  observations  taken,  which  must  be  done 
within  the  space  of  15  minutes,  and  the  mean  of  all  these  observations  must 
be  taken  and  worked  as  a  single  one. 

When  a  ship  is  close  hauled  to  the  wind,  with  a  large  sea,  or  when  sailing 
before  the  wind,  and  rolling  considerably,  it  is  difficult  to  measure  the  dis- 
tance of  the  objects ;  but  when  the  wind  is  enough  upon  the  quarter  to  keep 
the  ship  steady,  there  is  no  difficulty,  especially  in  small  distances,  which  are 
much  more  easily  measured  than  large  ones,  and  are  Hot  so  liable  to  error 
from  an  ill  adjustment  of  the  telescope  ;  an  observer  would  therefore  do  well 
to  choose  those  times  for  observation,  when  the  distance  of  the  objects  is  less 
than  70O  or  80^.  An  observation  of  the  sun  and  moon  is  generally  much 
easier  to  take  when  the  altitude  of  the  moon  is  less  than  that  of  the  sun,  be- 
cause the  instrument  will  be  held  in  a  more  natural  and  easy  manner.  When 
the  moon  is  near  the  zenith,  the  observation  is  generally  difficult  to  take,  and 
liable  to  be  erroneous,  because  the  observer  is  forced  to  place  himself  in  a 
disagreeable  posture.     For  the  same  reason,  an  observation  of  the  moon  and 

•  It  If  MM  anoommoa  to  fimla  durerence  in  tbe  regulation  of  a*waich  in  the  forenoon  and  afternoon  ; 
tbif  dUTerenov  generally  arises  from  tbfc  irre^atarity  in  ihe  guingr  of  tbe  watch. 

f  If  Uie  i3lftaoee»  are  meoitured  by  a  circular  faistrunient,  it  will  not  Iw  nipcessary  to  note  tbe  several 
diatattces  measured,  but  only  the  times  and  altiturles,  as  tfaeiiuni  of  all  tbe  distances  measured  by  the 
circk!  will  be  giv^n  by  the  iii«trument  at  ibe  end  of  tbe  oliservatious ,  and  if  the  atUtades  of  the  objecLs 
are  «bo  neasttred  by  circular  te':trujiicnts,  it  win  not  be  necessary  to  note  the  several  altitudes.  ppJ.  only 
the  lini«s  of  o^tservntion. 
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«  star  is  geneniliy  much  easier  to  take  when  the  star  is  lower  than  the  moon. 
This  situation  of  the  objects  may  in  most  cases  be  obtained  bv  taking  the 
observation  at  a  proper  time  of  the  day.  But  it  must  be  obserred  that 
netther  of  the  objects  pught  to  be  at  a  less  altitude  than  lO^t  upon  account 
of  the  uncertainty  of  the  refraction  near  the  htrison  ;  fbr  the  horisontal  re- 
fraction varies  from  9S'  to  8«'  40"  only  by  an  alteration  of  40^  in  the  ther- 
mometer. This  alteration  might  cause  an  error  of  two  degrees  in  the  lonntude* 

In  taking  the  altitude  of  the  moon,  the  round  limb,  whether  it  be  the  up* 
per  or  lower,  must  be  brought  to  the  horizon.  In  damp  weather  it  is  rather 
dMIcult  to  observe  the  altitude  of  the  stars,  on  account  of  their  diomess,  par- 
ticularly a  Pegasi  and  a  Arietis.  Sometimes  they  are  so  dim  that  they  can- 
not be  seen  tl^ough  the  holes  of  the  sight  vane  of  a  quadrant,  particularly  if 
tile  mirrors  are  not  well  silvered ;  in  this  case  the  vane  must  be  turned  aside, 
and  the  eye  held  in  nearly  the  same  place,  or  the  altitude  must  be  taken  by 
a  sextant  huni^^  witii  a  sight  tube. 

We  have  here  supposed  that  there  were  observers  enough  to  measure  the 
altitudes  when  the  distance  was  observed ;  but  if  that  is  not  the  case,  the  al- 
titudes may  be  estimated  by  either  of  the  methods  which  will  be  hereafter 
given. 

Prejparatiofu  necesaaryfor  uwrking  a  Lunar  Ohservation* 

Find  the  apparent  time  of  obserration  by  astronomical  account,  reckoning  the  hours 
from  noon  to  noon  in  numerical  succession  from  1  to  24,  and  taking  the  day  one  leas 
tiian  the  sea  account ;  to  this  time  apply  the  longitude  turned  into  time  by  TaUe  XXL* 
by  adding  if  in  west  longitude,  but  subtracting  if  in  east  i  the  sum  or  difTerencef  wilt 
lie  the  supposed  time  at  Greenwich  or  redacBd  Hme, 

In  page  Vll.  of  the  month  of  the  Nautical  Almanac,  find  the  moon's  semi-diaaMter 
and  horizontal  parallax,  for  the  nearest  noon  and  midnight  before  and  after  the  reduced 
time,  and  find  the  difference  of  the  parallaiesand  the  difference  of  the  semi-diameten  { 
then  enter  Table  XL  with  these  difTerences  respectively  in  the  side  eolumn,  and  the 
reduced  time  at  the  top,  opposite  the  former  and  under  the  latter,  will  stand  the  conec- 
'  tions|  to  be  applied  respectively  to  the  semi-diameter  and  horizontal  paraUax  marked 
first  in  the  Nautical  Almanac,  additive  if  increasing,  subtractive  if  decreasing ;  the 
sum  or  difference  will  be  the  horizontal  semi-diameter  and  the  horixontal  parmax  re- 
spectirely,  at  the  time  of  observation.  To  tMs  horizontal  semi-diameter,  must  be  added 
the  augmentation  from  Table  XV.  corresponding  to  the  moon's  altitude,  the  sum  wiB 
te  the  Ime  san^dianuUt  of  the  moon. 

The  sun's  true  send-diameter  is  to  be  found  in  page  III.  of  the  month  of  the  Nantieal 
Almanac. 

To  the  observed  altitude  of  the  sun's  or  moon's  lower  limb  add  IS',  hut  if  the  upper 
Umba  were  observed,  subtract  20',  and  from  the  star's  observed  altitude  subtract  4/y  and 
you  will  have  nearly  the  apparent  altitudes  of  those  objects  respectively.  § 

To  the  observed  distance  of  the  moon  from  a  star,  add  the  moon's  true  semi-diameter, 
if  her  nearest  limb  was  observed,  but  subtract  that  semi-diameter  if  her  farthest  limb  was 
observed ;  the  sum  or  difierence  wiU  be  the  apparent  distance.    But  to  the  observed  dis- 

•  Or  by  mutdptyifig  hy  4  •exagerinmlly,  la  the  maiin«r  directed  In  the  note,  p«g«  134. 

t  When  the  sum  exceeds  34  hoursj,  yoa  must  subtract  34  hours  and  add  one  to  the  day  of  the  month ; 
and  when  the  time  to  be  subtracted  U  greater  than  the  apparent  time,  the  latter  must  be  Increased  bj  34 
luMirs,  and  one  day  taken  from  tba  day  of  the  month,  conformable  to  the  nsual  roles  of  additfam  and 
tidnractloii.  If  the  chronometer  need  in  taking  the  observaUoo  be  reguiated  to  Oreenwicb  time,  this 
part  of  the  catculatlon  wiU  t>e  unMcessary,  because  the  reduced  time  at  Greenwich  will  be  given  dfrecC- 
ly  by  the  chronometer. 

X  TheM  eorrectioQs  rmj  be  fovnd  easily  withont  the  table,  by  saying,  as  13  hours  are  to  the  rediieei 
time,  (r^ecting  IS  hours  when  )t  exceeds  12)  so  is  the  diilerence  of  serai-diameter  or  parallax  for  13 
hours  to  the  corresponding  correction.  If  the  reduced  time  rasnot  be  found  aecontefy  in  tbe  tabic,  yoa 
■rast  use  tbe  nearest  nanoers  which  wiU  in  general  be  sufiieienllT  neoiFMe. 

$  These  altitudes  are  suppoeed  to  be  taken  at  sea  by  a  tore-obserration ;  and  the  appUcatkm  of  (he 
above  numbers  will  give  the  apparent  altitudes  corresponding  to  observations  taken  on  the  deck  of  a 
•common  sized  vessel  (where  the  dip  Is  about  4  or  5)  to  a  snlBcient  degree  of  accuracy :  if  the  observer 
was  40  or  50  feet  above  tlie  water,  T  or  3'  might  lie  taken  from  these  altitudes.  Tbe  propriety  of  us&ng 
these  numbers  wilt  appear  by  considering  that  every  wave,  by  raising  tlie  sliip  above  the  level  of  tke 
eeo,  wiU  alter  the  dip.  and  thai  an  oror  of  1'  or  3*  in  the  altitudes,  wilfin  general  cause  bat  a  sumU  erver 
In  the  result  of  the  calculation  of  a  lunar  observatfon,  so  that  for  all  practical  purpoees  the  above  aumbOB 
mav  lie  esteemed  as  sufficiently  exact.  It  may  also  be  observed,  that  the  error  arising  from  this  iouree 
wiU  not  generally  be  greater  than  that  arising  from  neglecting  the  equations  depending  on  the  spheroi- 
ds form  of  the  eiurtk  and  on  the  density  and  tempersture  of  the  air ,  equations  which  are  almoil  alwaiyt 
aesiected 

u  any  one  wishes  to  obtain  tbe  apparent  altitudes  strictiy,  he  must,  from  tbe  observed  altaDdes,ti 
tlieilip  of  the  borlxon  taken  from  Table  XCILand  add  or  subtract  (he  semi -diameter  of  the  obJ4 
cording  as  the  lower  or  upper  limb  was  observed. 
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l«Mt  qf  lAc  JHn  ami  mMn't  mareti  Umibs^  add  their  true  ieiui>diiiineten  ;  the  fliim  wQIbe 
die  oMroil  dfrtflwff 

TVae  pceipuat^oiis  are  oecessury  in  eTery  method  of  woridng  a  lunar  obaenratioii. 
ne  moet  noted  methods  are  those  of  Dunthome,  Borda,  Bfaakelyne,  Rio«,  WitcheD^ 
Ljoah  &c.  and  improvements  thereon  by  Tarious  authors. 

Dunthome's  and  similar  methods,  hafe  one  great  advaotace,  in  not  being  liable  to  a 
variety  of  cases  -,  but  those  methods  are  tedious,  when  tables  of  logarithms  to  minutM 
only  are  used,  by  reason  of  the  great  exactness  required  in  proportioning  the  logarithma 
to  srconda.  This  is  obviated  in  the  excellent  methods  published  by  Bios  and  Stausburj, 
but  they  rMpAire  large  and  expensive  tables,  and  on  that  account  are  not  in  very  general 
«ie.  Witcheirs  and  Lyon's  methods  do  not  labour  under  the  inconvenience  of  requiring 
laige  tabiea,  nor  do  they  require  any  particular  notice  of  the  seconda  in  firnUng  the  log. 
sines  and  log.  tangents,  but  these  methods  are  embarrassed  v?ith  a  variety  of  caaea : 
jometimea  the  correctiona  are  additive,  sometimes  subtractive,  and  learners  find  a  difR- 
cohy  in  rj^tly  applying  them.  To  remedy  this,  a  method  was  published  in  the  6rst  edi- 
tion of  this  work,  in  which  two  corrections  were  constantly  additive,  two  snbtfactivo, 
•nd  one  small  correetion  was  additive,  when  the  distance  waa  leas  than  9CP,  but  sub^rae- 
five  when  above  90^. 

This  method  waa  Airther  improved  in  the  Appendix  to  that  edition,  by  means  of  foiar 
new  Tables,  which  are  inserted  in  this  edition,  and  numbered  XVII.  XVIII.  XIX.  and  XX. 
by  means  of  which  the  work  ia  considerably  shortened,  and  ail  the  corrections  rendered 
additive.  This  method  will  now  be  given,  after  making  a  few  remarks  on  the  manner  of 
Caking  fkt  corrections  and  logarithms  from  these  new  Tables. 
^  Tables  XVH.  contains  a  correction  and  logarithm  to  be  used  vrhen  the  moon's  distance 
from  a  atar  is  observed,  and  Table  XVIII.  is  a  similar  one,  to  be  used  when  the  moon"* 
distance  from  the  son  is  observed.  Both  these  Tables  are  so  extended,  that  no  propop- 
tkmal  parts  are  necessary  in  taking  out  the  correctiona  and  logarithms,  except  the  alti- 
tude of  the  Sun  or  Star  is  less  than  7^  SCK,  and  at  such  altitudes  an  observation  is  liable 
to  error  on  account  of  the  uncertainty  of  the  refraction :  so  that,  in  using  these  tables,  it  la 
aaffidently  accurate  to  find  the  number  nearest  to  the  given  altitude  m  the  aun  or  afar* 
and  make  use  of  the  corresponding  correction  and  logarithm.  Thus  if  the  star'a  alti- 
tnde  is  IX^  %5\  the  nearest  number  in  Table  XVII.  is  IS^  %4',  corresponding  to  which 
are  correction  55'  46^',  and  logarithm  1.3161. 

TaUe  XIX.  contains  the  correctiona  and  logarithms  oonesponding  to  the  moon's  hori- 
zantal  parallax  and  altitude,  both  being  found  at  the  aame  opening  of  the  book.  The 
comctiona  for  aeoonda  of  parallax  and  minutea  of  altitude,  are  easily  taken  out  by 
maaaa  of  TaUea  A,  B,  C,  placed  in  the  margin.  The  method  of  finding  these  corxec- 
liona  IS  {^ven  at  the  bottom  of  the  Table  ;  they  are  always  additive. 

Bealdeathe  two  logarithma  taken  frpmTid^  XVII.  (or  XVIII.)  and  XIX.  this  new  rule 
vequirea  Only  four  logarithms  to  be  taken  firom  Table  XXVII.  to  four  places  of  figures, 
and  to  the  nearest  minute,  it  being  in  general  unnecessary  to  proportion  for  the  seconds. 

We  shall  now  give  the  rule  for  correcting  the  distance,  and  shall,  for  brevity,  use  tl» 
word  sine,  secant,  and  co-secant,  instead  of  log.  sine,  log.  secant,  and  log.  co-secant  re- 
spectively, and  the  same  win  be  observed  in  the  second  and  third  methods  of  eorreeting 
tl»  distance. 

8koiie$t  method  </  emreeting  the  Jippareni  Ditttmee  qf  the  JHoenfrom  the  Sun,* 

Add  the  apparent  distance  of  the  moon  tnm  the  sun,  to  their  apparent  altitudes,  and 
vote  the  hJfsiimu  The  diflerence  between  the  half  aum  and  the  appareni^ttaiance,  call 
thefirtt  rewmmder  ;  and  the  diflerence  between  the  half  sum  and  the  lun's  apparent  al- 
titode,  can  the  eeeind  remmnder. 

Twkt  from  Table  XXVII.  the  following  logarithma,  which  mark  beneath  each  other  in 
two  colomna,  vis.  the  sine  of  the  apparent  diatance  to  be  marked  in  both  colomna,  the 
eo  accaat  of  the  second  remainder  to  be  marked  alao  in  both  colomna,  the  aeeant  of  the 
ftnt  femainder  to  be  plaeed  in  the  first'oolumn,  and  the  aeeant  of  the  half  aum  in  the 
aecond  column,  f 

Eater  Table  XVIIL  (or  Table  XVII.  if  a  atar  waa  used)  and  take  out  the  coirectiOB 
correaponding  to  the  aun'a  altitude  (or  star's  :)  talw  also  flrom  the  aasM  Table  the  eor- 
K»oiiding  logarithm,  whidi  place  in  column  1st. 

EnUr  Table  XIX.  vrith  the  moon's  apparent  altitude  and  horizontal  parallax,  find  the 
cMneaponding  correction,  which  place  under  the  former  correction,  and  the  logarithm, 
wHseh  place  m  column  8d. 

•  Thu  nilp  if  ibe  amcM  thai  for  eorrectlnff  the  difUnce  of  the  mooa  fkom  a  star,  empt  In  rHMliag 
•lar  fer  MHS  and  tukng  Table  XVIL  Instead  ofTable  XYHK  If  ibe  dittaoce  of  the  pwon  firai  a  planet  b 
wed,  te  psialUK  maj  eenctally  t«  oec Iccted,  ooiulderiDg  it  ••  a  fixed  star,  and  wing  l^ble  XVIL 
However,  if  the  ploiwt^f  borUmUal  parailaa  U  known,  the  oormpondlng  conreetlsn  of  the  dlsCaaca 
mnr  be  feand  aenrlv  as  fotlbws : 

Add  lomliflr  the  1st  corractkm  and  the  cor.  Tab.  XVII.  eall  tbo  sum  8.  Tafca  tha  dMfertBca  btlwssn 
8  and  60^sm1  to  Ito  prop.  iog.  add  the  prop.  loc.  of  double  of  tho  planet's  horiioatal  paMttlaz,  and  thn 
arilhawtlal  conplenieot  of  the  leg.  found  in^Ekble  XVU.  the  sun  (fleeting  10  in  the  index)  will  be 
<be  arap.  log.  of  u>e  sooffht  eonractaon,  which  if^o  be  mdded  to  the  coniniied  distanee  If  8  Js  !•«  than 
«r,ManWraeSirfif  SexocedW.   Bee  note  pace  169  fbr  aa  axampte  of  this  rule. 

»  Rfjcdtof  always  the  fem  in  the  indices. 
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Hie  sum  of  the  four  logarithms*  of  column  1st.  will  be  the  proportionfti  iogariChm 
of  the  first  correction,  and  the  sum  of  the  logarithms  of  column  second*  will  be  the 
proportional  logarithm  of  the  second  correction ;  these  corrections  being  found  in  Ta- 
ble XXII.  are  to  be  placed  under  the  former  corrections. 

Enter  Table  XX.  and  seek  in  tbe  side  column  the  nearest  minute  of  the  carrection  of 
T^le  XIX.  opposite  thereto  and  under  the  distance  in  the  column  marked  Table  XIX. 
will  be  a  nuni^er  of  seconds  which  resenre.  Enter  the  Table  again,  and  find  at  the 
sides  the  nearest  minute  to  the  sum  of  the  correction  of  Table  XIX.  and  the  second  coi>> 
rection  opposite  to  this  sum  and  under  the  distance  in  the  column  marked  Table  XIX^ 
,  -{-Sd.  Cor.  will  be  a  number  of  seconds ;  the  difference  between  this  and  the  former 
reserved  number  of  seconds  will  be  a  correction  to  be  placed  under  those  already  found. 
Then  by  adding  all  these  ccNTcctions  to  the  apparent  distance,  decreased  by  2^^  the  trim 
distanee  will  be  obtained  neariy.  f 

To  determine  Ike  Longitude  from  the  true  distmce. 

If  the  true  distance  of  the  observed  objects  can  be  found  in  the  Nautical  Almanac,  in 
either  of  the  pages  VIII.  IX.  X.  XI.  of  the  month,  opposite  to  the  given  day,  or  to  ihal 
which  immediately  precedes  or  follows  it,  the  time  will  be  found  at  the  top  of  the  page. 
If  the  true  distance  cannot  be.found  in  the  Nautical  Almanac,  take  out  the  two  distance*, 
one  of  which  is  the  next  greater,  and  the  other  the  next  less,  than  the  true  Sistance  -,  tak* 
the  difference  between  these  two  distances,  and  also  the  difference  between  the  distance 
.  which  stands  first  in  the  Nautical  Almanac  and  the  true  distance.  Then  the  Propor- 
tional Logarithm  of  the  former  difference  (Table  XXII.)  being  subtracted  from  the  prop, 
log.  of  the  latter  difference,  the  remainder  will  be  the  prop.  log.  of  a  portion  of  time  t^ 
be  added  to  the  time  standing  over  the  first  distance  in  the  Nautical  Ahnanac,  and  the 
sum  will  be  the  true  time  at  Greenwich.  The  difference  between  this  time  and  the  ap- 
parent time  at  the  ship  turned  into  degrees  and  minutes  by  Table  XXI.  will  be  the  tnift 
longitude  of  the  ship  from  Greenwich  at  the  time  of  observation,  and  the  longitude 
will  be  East  if  the  time  at  the  ship  be  greater  than  that  at  Greenwich,  otherwise  West.} 

To  exemplify  the  preceding  rules  there  will  now  be  given  six  examples  of  correcting 
(he  apparent  distance  by  this  new  rule,  in  which  examples  we  shall  also  include  the 
preparation,  and  the  determination  of  the  longitude  from  the  true  distance. 

EXAMPLE  I. 

Suppose  that  on  the  2d  of  January,  1820,  sea  account,  at  6'  past  midnight,  apparent 
time  m  the  longitude  of  121^  3(V  £.  by  account,  the  observed  distance  of  the  farthest 
limb  of  the  moon  from  the  star  Aldebaran  was  47°  43^  63",  the  observed  altitude  of  the 
star  50°  35^,  and  the  observed  altitude  of  the  moon^s  lower  limb  7(P  35'.  Required 
the  true  longitude  ? 

Preparotton* 
Bern  aecoont  Jao.  2,  is  by  N.  A.  Jan.  id.  I2h.  6' 
Long.  121°  30'  E.  in  time         8     6 

Reduced  time,  Jan.  1,  4     0 


>  S.  D.  Jan.  If  nooD        1^  ^1     ^    hor.  par.  Jan.  ],  noon  £k«  25   :fc  obs.alt £$  aH^ 

midn.        14  49  midn.  54  I7        sub. -4 

Vlflfemwe  2  Piffereoce  8    i|c  app.  ah • 50  SI 

Table  XI.  1  Table  XI.  S    ^obtaluLL. T9^%S' 

DlfTerence        14  50  >  hor.par.  54  22  «dd                 12 

Aog.  Tab.  XV.  15  >  app.  alt  70  47 

>    S.  D.         15    5  Ob6.Dist  si:    JF.L.  4r»4«'fi8" 

^  S.O.sab.  15   & 

App.Dia«.5|c     ])  47   9Sl4« 

*  Rejecting  alwajs  the  tens  in  the  indicet. 

t  Tht  diflunee  obuined  by  thi«  nde  is  not  perfectly  correct,  »ince  several  nnali  corrections  must  be  ap- 
plied  to  obtain  the  true  distance  to  the  nearest  second,  vie.  (!)  The  refraction  taken  from  TaUe  XIT. 
which  was  made  ttse  of  in  consrnictlnje  Tables  XTII.  XVUI.  and  XIX.  outht  to  be  corrected  for  the 
dUTerent  heights  of  tbe  Barometer  and  Thenmometer,  as  directed  in  page  108.  (^  A  correction  santtt  be 
applied  for  the  spheroidal  flfore  of  the  earth.  And  (3)  a  very  small  correction  equal  to  tbe  fourth  correct 
tlmi  of  Witchell^s  method.  glTen  in  nage  62  of  the  Appendix  of  the  second  edition  of  the  Requisite  T^* 
bles  of  Uaskeiyne,  must  also  be  appUed.— ^Rut  to  notice  aU  these  corrections  tvonid  Increase  the  oalcula^ 
tioa  vei7  muds  and  tbe  remit  of  a  single  observation,  in  which  all  these  things  were  noticed,  wouM 
orobablv  not  be  soaecumte  as  the  mean  of  t>vo  or  three  obserratlons,  taken  at  different  times  of  tbe  day> 
in  which  these  corrections  were  neglected,  and  the  time  necessary  to  take  and  woiiithe  latter  (rtMerra- 
tions  wouM  not  be  moeh  greater  than  to  work  a  single  obsesration,  in  which  all  the  compcUons  wer» 
noticed. 

X  It  may  be  necessary  t9  observe,  (bat  if  tbe  times  at  tbe  ship  and  Greenwich  fall  on  dIfiSerent  days  tb^ 
MHt  day  te  to  be  reckoned  the  greatest,  though  tbe  hour  of  the  day  may  be  the  least ;  thus  I7ih  dev 
llimir  h  to  be  esteemed  arrentcr  than  iBth  dav  22  houg^  uiymzeu  uy  ^.^  ^^^  ^  ~i  i^ 

*■»  .  O 
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To  JM  th0  trut  d^aUmce, 


App.  Dat.  47  34 
SApP-AH.  fiOSI 
^Ap|>.Alt.    70  47 

Sftm  168  52 

iSum 
App.0at, 


Col.  2d. 

9.868) 

aSfiM 

4  fOiB  84'*  26'     !«€.  IJSUSS 

Table  XUL  log.«        .2269 

I  Oor.  1  39"     P.  L.  2i)86o|2  Cor.  7'  50"  i>.  I.     ].»l£ 


Col.  1st. 
tine  '  9.8681 

2  Ren.  3d"  B5'  co-m  0.25S4 
I  Rcoi.  S6  32  tec  00969 
Table  XVa.     loff.    1.8676 


Apn.  Disc  lc8i  2^45 
Table  XVII. 
Table  XIX.i 
Cor.  1. 
•;or.  2. 
Table  XX 


rnie  diuancp|         47  A  4^ 


169 


£48 

£»  14 

42  08 

2  2^ 

7  dO 


^Snm 
*App.Aft. 

2aEeiii. 


33  5*i  Xg  find  the  kingUude. 

o       ,     ft 

True  distance 47  24  49 

Dist.  by  N.  A.  at  3h .46  56  11 


Diflerence 


28  38        P.  L.  795?  1 


Di8l.byN.  A.      at  3h.  46  56  11 

at6h 43  23  59 


Diffijjrcnce 1  27  48        T.  L.  3118 

0  58  42        P.  L.  4866 
add    3 


Time  at  Greemviqh 3  58  42 

Time  at  ship 12    6 

Longitude  in  time 8    7  1S=:131^  49'  E.  from  Greenwich. 

EXAMPLE  II. 

Suppose  that  on  the  £Oth  September,  1820,  sea  account,  at  7h.  jZd'  ^y, 
p.  M.  apparent  time,  in  the  longitude  of  166°  30'  W.  by  account,  the  ob- 
served distance  of  the  nearest  limb  of  4he  moon  from  the  star  Alitares  was 
;ilo  s'  18%  the  observed  altitude  of  the  star  12^  S4',  and  the  obserred  altl- 
rude  of  the  moon's  lower  limb  £0<^  S6'.     Required  the  tnie  longitude  ? 

Preparation. 


Sea  account  S«pt.  20,  is  by  the  K.  A.  Sept.  ISd.  7b.  ^S'  43". 
. ,      Long.  iSa^*  30'  W.  in  lUne  II      & 


Bedoced  time  SepL  19 


18    29  43 


^obe.jyi. 


4 


H  6- 0.  Sept.  19,  mido.  16  dd    ]>  hor.  par.  Sei4.  I9,niiila.     0647     9|capp.a)t 12  30 

Sept.  SO,  Boon    16  4^  Sept.  20,  noon      61    9     ])  olii.  ale.  L.  L. SO  26 

SI/Tereoce  5  Sifl*erence  16  add  12 

Table  XI. 
>  bar.  par. 


UMfi  XI. 


9    '  ])  A^p,AJt SX»  CB 


Sum 
Aup.  Table  XV. 

]»S.D. 


60  d6     Ota.  DIM.  II  9k  If.  I.  81  05  IB 
H  6.  D. 16  4S 


App.Di8t^)^. 


,  81  SO 


*  Tliis  ].og.t=:iog.  Table  XIX.  2260-f-Log.  Table  O  9b=236S. 

^  Tbis'ccrr^Corr.  Table  XIX.  41'  49"+OofT.  Table  A  ly+Corr.  Table  U  6":=42'  OC". 

X  If  In  this  case  the  ot^Jpct,  liutead  of  being  Uie  fixed  star  Airtarea,  fa»d  been  •  planet,  wboee  faorisoQlal 
Mmtlax  Is  20",  the  correction  nf  diftance  arliiDg  frma  thli  parallaz,  might  be  foand  by  the  nllc  la  the  note 
paf  e  167.  Thus,  ibc  sum  of  the  Oerr.  Tab.  XVll.  (W  M")  and  Oor.  1  iV»')  is  9^9V  4V'.  S«Mliag  £0" 
the  prop.  log.  of  ibe  renuiader  0"  43"  it  2^4000,  the  prop.  log.  of  the  doubly  horixoplil  oar.  ^'  U  t«IM. 
The  «rUh.  eomp.  log.  Table  XVH.  la  8.1324.  The  nwaof  thcae  three  logi.  Crejecdnf  fiTln  Ae  Index)  Is 
3.9688  equal  to  the  prop.  log.  of  12"  the  required  oorreedoo,  M^tmthf  fnus  <f>  Hlf  4Sf'  iHM^  l9tiBri, 
becius*  a  exceeds  Btf  and  U  tviould  ai«refbr«  lK¥i»ine  4T»  24'  07.» 

2         •  uiyiuz^u  uy*^0#gle|> 
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LUNAR  OBSERVATIONS. 


To  find  the  true'  ^Ustanee. 


Ii^ 


line  9.9950 

;pik  Alt     12  90te  Rem.  44*  44'  Oo^  aiMS 

-  ' I  Hem.  24  06    Sec   a0896 

Table  XVII.     Log.  1.3194 


App.  DisL 
:4c  Appw  Al 
DApp-Ait.     20  38 


I  Sum 
1  Rem. 
2Eein. 


]f4  2fi 
St  14 
24  6 
44  44 


1  Cor.  6' 86"    P.I.  1.MG5 


some  9.9950 

Mine  0i>lfi85 

^  ram  £7*14'   Sec  02666 

Table  XIX  Log.*  .1868 

2Ck)r.i4'fi6"P.L.  "  60» 


To  find  the  Umgiiude, 


App.  DJit.  kn  2s79  s6  6l 

Table  XVn.  &S  47 

TU>le  XIX.t  5  09 

Cor.  1  6  39 

Oor.S  44  6$ 

Table  XX  » 

TnwdiitBaoe  n  ll  M 


Traediftaiice 81  11  51 

Dist.  by  N.  A.  at  18h. 80  57  2S 


Dii&ience  . 


14  t3       P.  L.  1.09^4. 


Dlst  by  N.  A.  at  I8h;. 80  57  28 

ataih 82  50  17 


DifTcreiice 1  52  49       P.  L.     2029 

P.  L.     8945 


Add. 


0  22  57 
18 


Time  at  Greenwidi 18  22  57 

Time  at  ship.. 7  23  45 

Longitude  in  time 10  59  12=1640  48'W. 


EXAMPLE  IIL 

Suppose^  on  April  2&th  18S0,  atSh.  A.  M.  sea  account,  in  the  |ong;itud&  of 
166^  £.  by  account,  the  observed  distance  of  the  nioon*s  ferthest  limb  from 
Antarea  was  76°  52'  1 5",  the  observed  altitude  of  the  star  tSP  34',  the  i^bserv- 
ed  altitude  of  the  moon's  lower  limb  17©  59'.    Required  the  true^ongitude? 


Preparation. 

Sfia.  account  April  25,  or  l^  M.  A.  April  24th 
Long.  1660E.  .        .       .        . 


14fa 
II 


Reduced  time 

D'8  6.  D.April  24,  HOOD      tf  51" 
mido.    14    53 


April  24tli 


S    56 


Siflerence 
Table  XI. 

£iam 
Aiiff.Tab.XV. 


14    51 

5- 


])*5  Ilor.  Par.  noon 
mldn. 


Table  XI. 


54'  23" 
54   31 


9)C  Obl.  AM. . . . . 

BUb. 


AltL.L. 


28«>34' 

4 

23    SO 

17    59 
12 


D.Hor.  Far.       54    25       >  App- Alt. 


Sub.  ^S.D.      14    56 


Obi.  Dbt.        760 
Sub.  ^-8.D. 


ar  15" 
14  56 


^ 


To  find  the  true  distanee. 


App.Di8t.         76    17  59 


Arav  JMsl. 
p  Ap.  Aft. 
'som 


1  Rem. 

2  Rem. 


7ti 

17 

.  23 

SO 

.  18 

11 

117 

58 

58 

50 

17 

18 

*  35 

29 

(;^i.  1st. 

sine  a9874 

211ftin.  3S0  29'  co-ie-  0.2362 
1  Rem,  170  i8'  sec  a0201 
Table  XVII.  log.    1.5794 

1  Cor.  2  42"  P.  L.   1.8231 


Co!.  2d. 

same  9.9874 

same  0.2362 

itam580  59'  sec.   0.2879 

Table  XIX  log.^       2432 

2  Cor.  31'  40"  P.  L.  0.7547 


App.Dist.le»  2s=74 
Table  XVn. 
Table  XIX§ 

1  Cor. 

2  Cor. 
Table  XX. 


17  19 

57  SO 

10  51 

2  42 

31  40 


True  distance 


76   00    45 


•  This Loff.==Log.  Table XIX  1883+Corr. Table  C  5=1 888. 
1  This  0otr.=s0orr.  Table  XIX  5^  5"-fOorr.  TWMe  A  2"+Corr.  Table  B  2"=^}'  9". 
X  ThIs.Lof  .:£!««.  Table  XIX  2426+Gorr.  Tab.  C  6=2432. 
,  *  TbU  CorrjaOoir.  TaWe  XIX  IV  l9"-H;or|.  Tab.  ^32"+Corr.  Tab.  B  0"=10'  51' . 

uiyiuzed  by  Google 


LUNAR  OBSERVATIONS. 

To  find  Hu  tnu  UmgUude,     ^ 


True  distance  76°  00^45'' )  ivj^.-.--.  oo  ry  iq// 
By.N.A.dirtanceat3h.    76  00  57  | glJ^n" fs?^ 6? 


add 


Oh.  0^24" 
3 
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P.  L.  2.9542 
P.  L.     3011 


P.  L.  2.6531 


Time  at  Greenwkh    3    0  24 

Time  at  Ship  14  ^  .  , 

Diflmnceislong.intime  10  59  36=164^  M'  E.fromGceenfrKh. 


EXAMPLE  IV. 
Suppose  that  on  the  31st  October,  1820,  sea  account,  at  about  Ih.  P.  9(. 
in  the  longitude  of  75^  W.  by  account,  the  following  observations  of  tlie  sun 
^d  moon  were  taken.    Required  the  true  longitude  ? 


PreparaHtm. 


lime  per  watch. 

0  <[       N.  L. 

Observed  Alt. 
0  L.  L. 

Observed  Alt. 
])  L.  L. 

Oh. 
0 

58'      6" 
69     8 

0  10 

1  4 
1    53 

68^  43'   49** 
43    18 
48    47 
42    20 
41    66 

45^    67' 
52 
48 
44 
39 

17*^  18' 
17      9 
16    59 
16    48 
16    36 

5)  5 

0    90 

14    10 

240 

84    50 

App. 

0      4 

time 

68    42     50 
0S.  D.     16      9 
J  S.  D.     14    63 

45     48 
add           12 

16    58 
add             12 

% 

69     13    53 
App.Dist 

"      46      0 
App.  Alt.  0 

17     10 
App.  AU.  ]) 

Sea  account  31  Oct.  or  N.  A.  Oct.  30d.      Ih.    O'    4" 
Long.  75°  W 5 


Reduced  time  Oct. 
3)  S. B.Oct  SO, noon  ....  14' 50" 
midnight..  14  48 


t)ifrennce  . 
TaMeXL 


.  30d.      6h.  ncvcurly. 
D  Hor.  Par.  Oct.  30,  noon    64'  2l* 
mldn.  54  13 


Difference 
Table  XL 


14    49 
4 


Aug.  TaUe  XT. 


3)S.P 14    53 


J>  Hor.  Par. 54    17 


To  fijud  thi  true  iUtaicfi. 


App^Dist. 

0  Ap.  Alt 
jTAp-AIl 

flum 

1  Rem. 


€B  14  Sine  BJSfm 

46    0  3 Rem. »°  13- cot.  0.461  r 
17  10  I  Rem.  8    2  sec 


faille  XVIJL  log. 
1S3  24 

66  I2^  Cor.  52* 
8 
30  12 


I  •am  66  12  lec 


a9ioerA| 

a46lB 
OSMi 


TM>ls  XlX-t 


1.8848  Tufeie  SIX  loff.* 
P.  Ii.      IsiM  2  Coir.  15'  14"  P.  L.  I.0f»4|tirf>to  XX. 


a4»  1  Cor. 
-2  Cor. 


True  dittanre 


IS  4^ 
so  It 
iOfia 
•    « 

15  M 

22 


68  40  21 


•  Tlib  U^^=Log.  Tub.  XIX  2454+Cor.  Tab.  G  9=3457^ 

t  This  0«fr.ssGonr.  Tth,  XIX  IV  ]2"'fG«r.  Tab.  A  «r'4Corr.  Tkb.  B  0":.stO'  «&:;., 


dogle 

0 


172 


To  find  ihe  true  UmgUttde: 


0'     6"   P,£. 
Difforenee  1    21    18     P.  L. 


True  distance    68°  40*   28^),..-  ^d 

ByK.A.  Dirt.  at6b.      68    40    ««   ( Difference  (F 
By  N.  A.  Dist  at  9h.      67    19 

Oh.   0'   13" 
add       6 


345? 


P.  L.    2.91X)1 


Time  at  Greenwich 6      0    13 

Time  at  Ship 10      4 

Diilerence  is  long,  in  thne  5      0      9^75°2'W.fi'om€iTeemricfi'. 


EXAMPLE  t. 

Suppose  that  on  the  5th  May,  1S20,  sea  account,  at  about  4h.  4'  P.  M«  in 
the  latitude  of  30°  1'  S.  and  in  the  longitude  of  1^  E.by  account^  the  foT- 


lowing  observations  of  the  sun  and  moon  were  taken. 
Ipn^itude?  *  . 

Preparation. 


Sun's 
Mean 

Index  errors 
Cor.*  Index  errors 


Required  the  trUe 


f    Observed  Dist. 
!     0  ]>    N.L. 

Observed  Alt. 
0  L.  L. 

.Observed  Alt.    l 
D's  u.  r. 

,  101^  42^  35 " 
41  30 
40  22 

14^  63' 
15    21 
15    49 

41^  58'    ♦ 
34 
4 

S)   124  27 

46      3 

96 

101     41  29 

—    3 

15    21 
--      3 

41     32 

-f      8 

101     41  26 
0  S.   D.    15  52 
])    S.   D.    16  14- 

15     18 
add             12 

41     40 
sub.            20 

102     13  32 
..  App.Dlst. 

15    30 
©  App.  Ait 

41    20    ^ 
1>  App.  Alt. 

Sea  account.  May  6,  or  N.  A.  May  4d.  4h.  4' 
Longitude  1"^  £ 4 


Redoced  time 

May  4d.  4h 

.  58' 
.  58 

^  S.  D.  May  4,  noon  16'   3" 
midnight   16    6 

>  Hot.  Par.  noon  ••., 
midnight  ... . 

Diflfeience  ••••.•••••• 

48C' 
58 

Difierence «.          3 

• 

Id 

3 

TMb  XI 1 

Table  XI 

D  Hot.  Par, '. 

16    4 
Aqg.  Table  XV ^      10 

58 

51 

>S.  D 16  14 

Am.  lE&t     l(g  U 


s 


Alt.    ]5  90  2Reni.Mo3' co-tCb 


App.  Alt   41  30 


flam  160    4 

i  S«m  A  79  S3 

ifC  Rem:  132  43 

».  Rem.  64   1 


To  find  the  true  distmyce. 


1 118111.32  42  lee. 
Table  XVULIof. 


1.4387 


1  Oar.  6' 43"  P.L.    1.457P 


9.9800 

04M3 

0.08601  sum  790  S3'  sec 

%bl«  XIX.  log. 


9.990Q 

0.0482 

0.7407 

1961 


2  Cor.  19'  12"  P.  L.    .9730 


Ap.  Die.  less  S±=100 
Table  XVIIL 
Table  XIX. 
ist  Cor. 
2d.  Cor. 
Table  XX. 


is  St 
58  4S^ 

18  S5 
543 

19  n 

IS 


True  dirtance       IDi    s^    s 


Digitized  by  VjOOQIC 
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TofivdtktiqipantatimmmiinielmgUBie. 


0CaiteeCA]fitude»     15*  ST 

ULsffSlllp  90       1     M^Dt 

Patar  Distaueet  ld6     4    co^secant 


a063M 
0.0)730 


TrwdlilHMt    *         101*.53'    d' 
ByN.A.iltt.atl^    Itt   20     6 


.  ^am 


ItklfSttin 
UtirSom— AlUtude 


75    46    e»4iiie^ 
60    19   6iD« 


9^9071 
9.33891 


By  N.  A.  disc,  ai  ah.    K»    86     6 
6h     iOO    47    98 


Swn 
AfijiBFeBt  Gme  4b.  3'  32"  sine 


2)19.40946 


9.7047S 


DiflvlWiOS 


83    $  r.E. 


1    37    27    P.IL. 
P.  I. 


'lb.  r  3' 

9 


7SS1 


4686 


Time  tf  OrMBwkb       4    I    3 
Time  at  Ship  4  .  8  82 

Umgiuida  io  tima  2  28338*  3r  E.  iwm. 

[Oreeawtefi. 
EXAMPLE  VI. 
Soppoae  that  on  the  8th  of  February,  18£0,  sea  accottnt,  at  about  Sh.  36'  /L.  M.  in 
the  ionptude  of  81^  W.  frooH  Greenwich  by  account,  six  distances  of  the  sun  and 
moon's  nearest  Umbs  were  obserred  by  a  circle  of  reflection  to  be  464*^  W  18*  the 
corresponding  limes  and  altitudes  being  as  in  the  following  Table.  Required  the  ttii^ 
loogjitnde? 

PreparaHon. 


ilpparent  tune  per 

Obserred    distance 
0   ([   N.  L. 

Obserred  Alt. 
©  L.  L. 

Obserr^jd  Alt. 
D  U.L. 

&L  33^   34" 
34    36 
36    18 
36    36 
37'    4 
39      8 

Sum  of  the  dis- 
tances taken 
from  the  cff- 
cleat'theend 
of  the  obser- 
▼atioDs. 

340. 

34 

34 

34 

34 

35 

1' 
13 
81 
31 
39 

3 

61°    47' 
61      35 
61     ^7 
61      17 
61        9 
60      45 

6)          36      0 

464^  l&    12" 

806 

48 

368        0 

8     36     0 
Afp.  time 

77    81    48 
0  S.  D.    16    14 
D  8.  D.    n    56 

34 
add 

88 
18 

61      80 
sub.                 80 

77    53    58 
App.  Dtst. 

34 
©  App.  Alt 

40 

61        0 
D  App.  Alt. 

Fak  8»  aea  aeeoont,  or  by  N.  A.  Feb. 

fiedaced  time     Feb. 

^'B  d.  D.  Feb.  7,  midnight        15'  36" 
Feb.  8,  noon  15  43 

Difference  7 

TaUe  XI.  6 


7d.  80h..  36^ 
1      84 

7d.  88h. 

^'sHor.  Par.  Feb.  7,  midnight    67'   9' 
Feb.  8,  noon  67  37 


Difference 
Table  XI. 


23 


Aug.  Tab.  XV. 
^'8  S.  D. 


Ap.i3t 
A^AII. 

gum 


isi.lcn. 
ait  Ben. 


178  84 

•8  47 

8  n 

as  7 


15  56    ' 

ike  (rue  disiance. 


Tofind 


Tftb.XVIII.Los. 
I  Oor.2'  28"  P.L. 


1.8684 


D'sHor.  Par.        57  38 


tV   ii  tine  8.900S(  same 

34    4Q2Rem.£S^  7^  co-fei0.102E  same 

61      0|l  Ham.  8  6B  lec     ()j0053  ^  gum    86«  47'  see. 
1.7702  Table  XIX  Log|. 


9.9902 
0.102 
1.25(W 
2026 


Ap.  Dirt.  IcM  2=76     fitf    Air     * 


2C»r.5'r' P.L.        1.5464 


fable  XVllI. 
Table  XIX§. 
isi.  Oor. 
2d.  Cor. 
Table  XX. 


68    44 

92  ao 

2    26 

o      t 
18 


Troe  f  lirtaoce         77  92    47 


*  The  conaet  aliitoda  Is  foand  by  subtractiMr  the  refractlou  3  from  the  apparent  alUlude  16»  9ff. 
?  IWFalw  Dtenwe  Is  faaad  by  adding  the  l^linatlon  16«  4'  N.  (cormpondiog  to  the  reduced  timO 
t«9QB. 


;TUiloc«.aor.  TahlaXIX.2Dt6-flADg.rab.C9=2025.  ^^       ^, 

5  T»ib  Oarr^<corr.  Table  XtX  »:'  T'+Corr.  Tab.  A  i3"-fCrtrr.  Tob.  B  0"r-3Ci' 


5jy>uy  ^ 


.Ogle  . 


174  I.UNAR  OBSERVATIONS. 

To  find  the  fme  UmgUude. 
ByN.ADlstFeb.y,«lh.    78      3    41   >Diffe„nce   1    38      9   P.  L.     SW8 


Feb.  8,  Oh.    76    31     32  V 


111.   (K  «2"  P.  L.      4745r 

add    21 


.    Tirae  at  Greenwich  22      0    82 

Time  at  Ship  20    36 

DiiT.  is  Long,  in  time  1    24    22x=21^  S'  W.  from  Greenwich. 

$icond  method  ofjiiiding  ike  irtu  distance  of  the  Moon  Jrmn  ik^  Stpi  or  a  Star, 

From  the  sun's  refraction  (Table  XII.)  tuke  his  parallax  in  altitude  (Table  XIV.)  tAe 
X^mainder  will  be  the  correction  of  the  sun\s  altitude. 

The  star's  refraction  (Table  XU.)  is  the  correction  of  its  altitude. 

From  the  proportional  logarithm  of  the  moon^s  Horizontal  Parallaz*  increasing  t^e 
index  by  10,  take  the  sine  of  the  moon's  apparent  zenith  distance  (Table  XXVII.)  the 
remainder  will  be  the  prop.  log.  of  the  parallax  in  altitude,  which  must  be  found  in  Table 
XXII.  and  the  moon's  refraction  (Table  XII: )  subtracted  therefrom,  the  reokainder  will 
be  the  correction  of  the  moon's  altitude.! 

Add  together  the  apparent  distance  6f  the  sun  and  moon  (or  star  and  moon)  and 
their  apparent  zenith  distances  (or  complement  of  their  apparent  altitudes)  and  note  the 
'  htdf  sum  of  these  numbers :  the  difference  between  the  half  sum  and  the  moon's  appK- 
reot  zenith  distance  call  the  first  remainder-  ;  and  the  difference  between  the  half  sum 
and  the  sun's  (or  star's)  apparent  zenith  distance^call  the  aecogatd  remaindir.  -« 

To  the  constant  log.  9.6990  add  the  co-secant  of  the  half  sum  and  the  sine  of  the 
apparent  distance  (both  taken  from  Tabic  XXVII.)  the  sum,  rejecting 20  from  the  index, 
will  be  a  reserved  iogmiihm. 

To  the  resenred  logarithm  add  the  sine  of  the  sun's  (or  star's)  apparent  xenith  dis- 
tance,  the  co-secant  of  the  first  remainder  (both  taken  from  Table  XXVIL)  and  the 
prop.  log.  of  the  correction  of  the  sun's  (or  starts)  altitude  (Table  XXII.  ]  tb»sum,  re- 
jecting 30  from  the  index,  ^rillbe  the  prop.  log.  of  the  first  covreetion  to  be  fiihnd  in  Ta- 
ble XXIl. 

To  the  reserved  logarithm  add  the  sine  of  the  lAoon's  apparent  zenith  distance}  the 
co-secant  of  the  second  remainder  (Table  XXVII.)  and  the  prop.  log.  of  the  correction 
of  the  moon's  altitude  (Table  XXIL)  the  sum,  n^ecting  30  from  the  index,  will  be  the 
prop.  log.  of  the  second  cmrectioHf  to  be  found  in  Table  XXll. 

Then  to  the  apparent  distance  add  the  correction  of  the  moon's  altitude,  and  the  first 
correction,  and  subtract  the  sum  of  the  second  correction  and  the  eorrectioii  of  thesim'S' 
altitude,  the  remainder  will  be  the  corrected  distance. 

Add  60'  to  the  correction  of  the  moon's  altitude,  and  60'  to  the  difference  between  the 
oorrection  of  the  moon's  altitude  and  the  second  correction ;  find  both  these  sums  in  the 
aide  column  of  T^ble  XX.  and  in  either  of  the  vertical  columns,  under  the  corrected 
distance,  find  the  seconds  corresponding,§  the  difference  of  these  two  numbers  ivill 
be  a  number  of  seconds  to  be  added  to  the  corrected  distance  when  less  tham 
90^,  but  subtracted  when  above  90°,  the  sum  or  difference  will  be  the  true  distaoce. 


*  Instead  of  finding  the  moon's  horizontal  pantllax  from  the  Nautical  Almanac,  we  may  fimltbeprcw 
ponionai  lopullhm  thereof'  In  tlie  same  paee  of  rbe  month  of  that  M'ork.  Thus  if  we  would  work  Ex- 
ample IIL  preceding,  by  thin  rule,  we  might  take  oat  the  logrs.  5198  and  3187,  instead  of  t]ie  Horl  Par. 
M'  VS"  sod  d4'  31",  ancf  obtain  by  means  of  Tabie  XL  the  sought  Iof.  5195  without  referring  to  1k- 

j  Alt  these  corrections  may  lie  found  bv  means  of  Tables  XVII.  XVni.  and  XIX.  Thus  the  correc- 
tion of  Table  XVII.  subtracted  from  60  minutes,  will  give  the  correction  of  the  sues  aliilude.  The  eor> 
rectton  of  Table  XVIir.  subtracted  from  60  minutes,  wiU  i^ive  the  correaion  of  the  eun*s  altitude.  The 
correction  of  Table  XIX.  subtracted  from  Sar  AS"  will  give  the  correction  of  the  moon's  alUtude.  Fec^ 
haps  the  use  of  these  Tables  in  this  and  in  the  following  method,  would  not  be  inctmvenient. 

t  TbisloKarithm  was  found  before,  in  calculaiinv  the  correction  of  tlie  nioon*s  altitude. 

9  Observing  to  take  both  nuralirrs  t'l-om  tbo  same  vertical  cobmn  It  mav  Ite  observed  that  the  inim- 
bfers  in  oie  of  the  columns  of  Table  XX.  of  tbi«  collection,  are  the  same  as  those  of  Table  XIX.  af  edl- 
lion  ?,and  the  numbers  In  the  other  coiumn  difler  18"  from  the  former^  but  the  numbers  in  thcsUl« 
column  of  Table  XIX  differ  60*  from  those  In  Tabta  XX.  so  thai  in  usin?  Tkihle  XIX  edition  lal.  it  H 
uflitecesssfry  to  add  60'  to  the  correuton  of  tlie  moon's  altitude  and  the  fir»t  correction  i  tUs  renders 
ihnt  Table  rather  more  convenient  in  this  second  method,  than  Table  XX  of  this  colkdlun. 
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EXABIPLE — {the  same  as  Example  I.  precedifigJ) 

Sflp^ose  the  apparent  dittance  of  the  centre  of  the  moon  from  the  star  Aldcbaran 
iras  47^  3^  48",  the  apparent  altitude  of  the  star  50^  31',  the  apparent  altitude  of  the 
noon's  centr*  70^  47*,  and  the  proportional  logarithm  of  the  moon^s  horizontal  parallax 
5199.    Required  the  true  distance  of  the  moon  from  the  star?. 

go*    0'  90*    0'    Hor.  Pur.  P.  Lor.  ia£i99 

>  App.  Alt.  70    47     :4c  Ap.  AIL        50    31      >  Z.  D.  19«  IS'  diie         05174         i|C  Refiac.  AT 

>  tat,  Bte.  19    IS     i^  Zen.  Dist.   99    23  IT  64  T.  L.      LOOt? 

>RerracUon  ....  20 

Cor.  1>  Alt n    34 

Am.  BM.  4V  M'    CmMUot  log 9.6890 

>Z».l>iiL  It    IS     iSum   53*    8' co^ec      .    .    .      J0.0969 

iZM.Dbt.         S9    S9     Dist      47    34  sine     ....       &86«1 

Sam  106    16     Reserved  Loff.  9.6640    Reserved  Log.     .       .     9.6640 

i  6am  ^     8     >k  Zen.  Dist  SQO  29'  sine    .      .      9.8034     ])  Zen.  Dist  19*  13'  sine  9.5174 

]>  Zen.  DlsL  19    IS     1  Rem.  33  56  co^c     ....       a2534    2d.  Rem.  13  39  co^ec.     08871 

Irt.  Rmb.  38    55     ^  Cor.  0'  47"  P.  L 2.3613     ]>  Cor.  IT  34"  P.  L.        1.0106 

Halfsam  tt     9      tOor.  129P.L 2.0B21    2d.  Gor.  37  18  P.  L.  0.8101 

^Zcn.Dkt       .39   39  

:d.  Ban.  IS   39  Apparent  distfuicc     ....    47*  33*  48" 

..^  <  First  Correction       .       .       1    29 
^"°  i  Cor.  1>  Alt       .       .       .17   34 

K..K    J  M.  Cot.  27'  19"  ?  47    52    51 

^"*-   {cor.*Alt47    i    '  28      5 

Correcfed  distance       .  47    24    46 

Currection  Table  XX.  1 

True  distance       .  47    24    47  dURering   2"  from  the 


"^  We  shall  ii«|w  give  a  third  method  of  correcting  the  apparent  distance,  beio|;  an  im- 
protemeDt  on  WitcbsU's  method,  which  was  published  in  the  former  edition  of  this 
tntk.  This  improvement  was  ma^  in  consequence  of  a  suggestion  from  a  gentleman 
einiientty  distinguished  for  his  mathematical  acquirements,'^  that,  by  a  small  variation 
in  tke  ealculatioh,  the  number  of  cases  might  be  lessened :  .and)  upon  examination,  it 
was  found  that  by  making  other  alterations,  the  number  of  cases  might  be  farther  de- 
fl'i  Mud,  apd  the  manner  of  applying  the  corrections  rendered  move  simple.  The 
method  thus  improved  is  as  follows. 

Tkard  method  of  finding  the  true  distance  of  the  Moon  from  the  Sun  or  Star. 

From  the  Sim's  refraction  (Table  XII.)  take  his  parallax  in  altitude  (Table  XIY.) 
the  remainder  will  be  the  correction  of  the  sun^s  altitude. 

Hie  star's  refraction  is  the  correction  of  its  altitude. 

Frmn  the  proportional  logarithm  of  the  moon's  horizontal  parallax,  increasing  the 
index  by  10,  take  the  co-aine  of  the  moon's  apparent  altitude  (Table  XXVII.)  tSo  re- 
mainder will  be  the  proportional  logarithm  of  the  moon's  parallax  in  altitude ;  from 
wUcb,  svbCraeting  the  moon's  refraction  (Table  XII.)  the  remainder  will  be  the  correc- 
tion of  tke  moon's  altitude,  f 

1.  Add  together  the  apparent  altitudes  of  the  moon  and  sun  (or  star)  and  take  the 
half  sum  ;  subtraet  the  lesser  altitude  from  the  greater,  and  take  the  half  difference ; 
\hea  add  together 

The  tangent  of  the  half  sum, 

The  co-tangent  of  the  half  difference. 

The  tangent  of  half  the  apparent  distance. 

The  sum,  rejecting  90  in  the  Index,  will  be  the  tangent  oi  the  angle  A,  which  musi 
be  sought  for  in  Table  XXVII.  and  taken  out  less  than  90^  when  the  sun's  altitude  is 
Ie»  than  the  moon's,  otherwise  greater  than  90^. |    The  differente  of  the  angle  A, 


*  Tbe  lale  Cbirf  Justice  Persons. 

f  Tbesc  correcftinH  imy  be  fonnd  by  Tables  XVlC  XVtII.  XIX.  as  was  shown  in  tho  oots  to  thb 
ieeoad  nctbod,  page  174. 
t  Every  eo-tengest.in  Table  XXVIL  cohesiioiula  to  two  aDglc?,  one  ereaCcr  than  900, (be  otlGhr  less. 
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and  half  tlie  i^parent  disUuce,  m  to  be  called  the  first  mgle,  and  their  sum  the  sectaid 
angle. 

2.  Add  together  the  tangent  of  the  first  angle. 

The  co-tangent  of  the  sun  or  star's  apparent  altitode. 

The  prop.  log.  of  the  eorrection  of  the  sun  or  star's  altitude. 

The  sum,  n^ecting  20  in  the  index,  will  be  the  prop.  log.  of  the  first  correction. 

Or  the  refiraction  (Table  XII.)  coiTesponduig  to  the  first  angle  or  its  supalementy'ivill 
be*  the  first  correction  nearly ;  particularly  if  the  altitude  of  the  sun  or  star  be  great,  and 
the  first  angle  be  near  90^. 

3.  Add  together,  the  tao^nt  of  the  second  angle, 

The  co-tangent  of  the  moon's  apparent  altitude, 
The  prop.  log.  of  the  correction  of  the  moon's  altitude, 
The  sum,  rejecting  20  io  the  index,  will  be  the  prop.  lo^.  of  the  second  correction. 

4.  The  first  correction  is  to  be  added  to  the  apparent  distance  when  the  first  angle  Is 
less  than  90°,  otherwise  subtracted ;  and  in  the  same  manner  the  second  correction  is 
to  be  added  when  the  second  angle  is  less  than  90^,  otherwise  subtract^.  By  appljring 
these  two  corrections,  we  shall  &tain  the  corrected  distance  or  third  on^/e. 

5.  Add  60^  to  the  correction  of  the  moon's  altitude  and  to  the  second  correction  ; 
find  both  these  numbers  in  the  side  eolomn  of  Table  XX.  and  in  either  of  the  vertical 
columns,'*'  under  the  third  angle,  find  the  numbers  corresponding ;  the  difference  of  these 
two  numbers  will  be  a  number  of  seconds  to  be  addbd  to  the  third  angle  when  less  than 
90^,  but  subtracted  when  above  90^,  the  sum  or  difference  will  be  the  true  distance. 

Thus  it  appears  that  the  first,  second  and  third  corrections,  depend  on  the  first,  seeoafl 
and  thUrd  angles  respectiTely ;  jfeUhsr  of  those  angles  be  less  than  90^  the  corresponding 
eorreetion  wm  be  additiee :  but^  more  than  90°,  subtraetioe.  This  rule  being  onifona 
for  applying  all  three  corrections,  makes  it  more  easy  to  be  reBembered. 

EXAMPLE— ((&e  same  as  Exmnpk  I.  preceding.) 

Suppose  the  apparent  distance  of  the  centre  of  the  mi^n  from  the  star  Aldebaran 
was  47^  dS'  48^,  the  apparent  altitude  of  the  star  50^  31',  the  apparent  altitude  of  the 
moon's  centre  70^  47',  and  the  proportional  logarithm  of  the  moon's  horizontal  ptiaBax 
6199.    Required  the  true  distance  of  the  centre  of  the  moon  Irom  the  star? 


]>  App.  AlUfP  4r 

tan. 

co-l. 
UO. 

tan. 

tan. 
co-t. 
P.L. 

P.  L. 

un. 
co.t. 
'  P.L. 

P.L. 

ia28003 

m 

10:74781 
9.64415 

Hot.  Far.  P.  L.  10i£l9e 
>  App.  Alt,  70°  47' w.     04174  4c  BeC  47 

sum    ..  121    18  Half  Sam  G0«  S8' 

i>iCr    .  .  SO  leibifDir.  to    a 

UalfOlsL   23    47 

ir  54"  p.  L.      1.0025 
20     ^BefncAioa 
17  34    car.  ^All^ 
lacar.sda       .       .               42 

Angl9  A     T7     3 

10.64198 

47  SI  ao 

DiflRfr.  U                 1st  Angle    63    22 
*:Ap.Alt,  fiO    SI 
Cor.*  AIL           47" 

laisuz 

9.9I5S 

2.3613 

Cdcor.  iub.        .       .           9   44 

a<l  Angle    .        .        .    47    24    46 
ad  cor.       .       .       .                 1 

First  Corp.         42 

2.4058 

True  distanee    .       .   47    24    4? 
Die  2"  from  the  foriMr  melhofl. 

Sum  U  second  Angle               lOO  £6 
hApp.Alt.70   47 
Cor.  ^  Alt.       17'  S4 

10.7140 
&«423 
1.0106 

6«conU  cor.        9  44 

i.2(;b3 

ir  the  star's  altitude  bad  been  greater  than  the  moon's,  the  angle  A  would  have  bec'K 
102^  51'.  The  first  angle  in  this  example  is  63^  22^  and  the  refractioa  (Table  XH.) 
coi:rcaiponding,  is  43",  which  is  nearly  equal  to  the  first  correction. 

Mtibod  of  takmg  «  Jjmar  Observation  by  one  observer. 

Three  observers  are  required  to  make  the  necessary  observations  for  determluiog 
the  longitude ;  one  to  measure  the  distance  of  the  bodies,  and  the  others  to  take  the 
altitudes.    In  ease  of  not  having  a  sufficient  number  of  insfmraents  or  observers  to 


bers  mttft  be  takon  from  the  nme  vertical  cohimn,  as  wm  observed  in  (lie  neta  t«  tlie 

&econd  nwUuHl}  aM  the  Oiber  rtttarks  bf  Oiat  note  am  aitplicabie  to  tliis  method. 
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take  tlte  alCHudAs  it  has  been  cufltomaTy  to  calculate  them  ;  there  being  given  the  la- 
titude of  the  place,  the  apparent  time,  the  right  ascensions  and  the  declinations  of  tiie 
4>bjeeli.  These  calculations  are  long,  when  an  altitude  of  a  star  is  to  be  computed, 
and  much  more  so  when  that  of  the  moon  is  required  ;  and  a  considerable  degree  of 
•oevtfiy  IB  fe<|uiiied  in  finding,  from  the  Nautical  Almanac,  the  moon's  right  ascension 
and  declination,  which  must  be  liable  to  some  error  on  account  of  the  uncertainty  of 
the  ahip*8  longitude.  The  following  method  of  obtaining  those  altitudes  is  far  more 
sunple,  and  sufficiently  accurate.  This  method  depends  on  the  supposition  that  the 
ahitndes  increase  or  decrease  uniformly. 

Before  you  measure  the  distance  of  the  bodies,  take  their  altitudes,  and  note  the 
times  by  a  watch,  then  measure  the  distance  and  note  the  time  (or  you  may  measure 
a  numfaer  of  distances,  and  note  the  corresponding  times,  and  take  the  mean  of  all  the 
times  and  distances  for  the  time  and  distance  respectively)-— alter  you  have  measured 
the  distances,  again  measure  the  altitudes,  and  note  ^e  times  :  Then  from  the  two 
observed  altiliides  «f  either  of  the  objects,  the  sought  altitude  of  that  object  may  be 
fo«nd  in  the%»llowing  manner  : 

Add  togetiier  the  proportional  logarithm  (Table  XXII.)  of  the  variation  of  altitude* 
of  the  ofa|ect  between  the.  two  times  of  observing  the  altitudes,  ajid  the  prop.  log.  of 
the  time  elapsed  hetween  taking  the  first  altitude  and  measuring"  Ihe  distance  ;  from 
the  sum  sahtoact  the  prop.  log.  f  of  the  time  elapsed  between  observing  the  two  altitudes 
of  that  object ;  the  remainder  will  be  die  prop.  log.  of  the  correction  to  be  applied  to 
the  first  altitude,  additive  or  subtractive  according  as  the  altitude  was  increasing  or 
deereastng  ;  to  the  altitude  thus  Corrected;  apply  &e  correction  for  dip  of  the  horizon 
and  semi-diameter  as  usual. 


EXAMPLE. 

Suppose  the  distances  and  altitudes  of  the  sun  and  moon  were  observed  as  in  the 
following  Table  :  It  is  required  to  find  the  altitudes  at  the  time  of  measuring  the  mean 
distance? 


rinc. 

««.^«., 

4  so 

5  30 

««»0'  or 

0  90 

1  90 

«Us.     i     4      » 

40    0    40 

Thue. 
2h.  20. 
6 


.10 


Tbne.       Alt. 
2h.  2in.  aOs. 
7        0 


40«20' 
99    12 


ao 


7ar.      >  *s  alt. 
TIbw  ifll.  obs.  > 
kof  diM. 


7238 


^^Jiitaf**''5«  6 


Ul-ob 
Time  umo  ub«. 


DUTercQcs 


P.L. 


Elapwd  time  bHween  the 
two  obw  nrations 


CoirecUon  of  alt. 
Bab.  finom  sun's  1st.  alt. 

Alt.  0's  L.  L.  at  time 
oTthsnv 


cftxr    p.  L-    'n49 

40    20 


^  90  W 


Thus  aft  the  tune  3h.  4'  30^',  the  mean  observed  distance  of  the  sun  and  moon*s  neac- 
«sC  lioriis  was  40°  (K  40^',  the  altitude  of  the  moon's  lower  Hmb  9lo  6^,  and  the  altitude 
of  tte  sun's  lower  limb  3S0  50^ ;  these  altitudes  most  be  corrected  for  dip  and  semi- 


»TahlsXXa.ison|rci 
riewith 


f  OraddIlsaritbaMtlealso«plenieDt,nsctecttaiff  lOlathtladea 
'   A  a 


as  &r  as  a»,  andlf  the  variaiion  of  altitude  uxorrd  that  quaoti^,  you 
and  aecoiids,  Instead  of  dMrccs  and  niintttes,  ami  the  convctton  of 

la  oMst  be  sailed  dagraes  awl  ^miaolas  respaetlrdy. 

,  nsctecttaiff  10  la  tht  hMftea  of  the  Mun. 
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In  UUs  manner  1  have  often  obtained  the  altitude*  in  mueb  leaa  time  than  they  eould 
hare  been  obtained  by  other  calculations. 

The  same  method  may  be  used  for  finding  the  sun's  altitude,  when  taking  an  azimufli, 
by  nothag  the  times  of  taking  the  observations  by  a  watch,  and  taking  two  altitudes, 
the  one  before,  the  other  after  the  observation,  and  proportioning  die  altitudes  as 
above. 

Any  person  who  wishes  to  calcnlate  strictly  the  apparent  altitudes,  may  proceed  ac- 
coftUng  to  the  following  rules. 

Tke  ^parent  Unu,  the  slup'a  latitude  and  Umgitude,  and  the  staCt  dectmoHcn  gwet^  to  find 
the  t^jtparent  attitude  of  hit  centre^ 

RULE. 

With  the  apparent  time  from  noon,  enter  Table  XXIIF.  and  from  the  column  of 
riaing  take  out  the  logarithm  corresponding,  to  which  add  the  log.  co-sine  of  the  latip 
tude,  and  the  log.  co-«ine  of  the  sun's  declination  ;  their  sum,  rejecting  20  in  the  index, 
Will  be  the  logarithm  of  a  natural  number,  which  being  subtracted  from  the  natural 
co-one  of  the  sum  of  the  declination  and  latitude,  when  they  are  of  different  names, 
or  the  natural  co-sine  of  their  difterence  when  of  the  same  name,  will  leave  the  natu- 
ral sine  of  the  sun's  true  altitude  at  the  given  time.  The  refraction  less  parallax  being 
added  to  the  true  altitude,  will  give  the  apparent  altitude. 

In  general  it  will  be  near  enough  to  take  out  the  refrattion  only  from  Table  XII.  and 
neglect  the  parallax. 

EXAMPLES. 

Required  the  true  altitude  of  the  sun's  centre,  in  lat  49°  57'  N.  and  long.  75^  W. 
July  26, 1820,  at  6h.  66m.  SOs.  in  the  morning,  sea  account  ? 

App^tiae 

TifflefromnooB  A     S    ao  iu  loe.  in  col.  of  rising 4.8785t 

UUtuds  49   set    ON.  its  loff.  cosine      . MOW 

Stdlo.  at  that  dma        I9    26     OK.  iulpg.^o-sins 0^459 

naLaomber 45872  Ms  log.  s4j681A6 

filAi«aoa  ao   Si  nat  oo-dae 86148 

Traealt  2Sf^  4S'  aat.sifla 40216 

Bafractfam  2 

App-alt.  »    47 

EXAMPLE  IL 

DVhat  will  be  the  true  altitude  of  the  sun's  centre  in  the  latitude  of  39°  SO'  N.  and 
the  longitude  of  40°  50^  W.  November  26, 1820,  at  3h.  21m.  308.  apparent  time  in  the 
afternoon,  sea  account  ? 

H.  U.  8. 

App^  tlDia  firom  nooa       3    21    00  Its  lor.  ia  coL  of  risLar 4.58800 

Latitude  88   90     ON.  loff.  oo-ilne      .    . 8.88844 

IS        20   58    08.  log.  co-dae a91054 

nat.  auiaber 26181  its.lag.ts  4.41788 

00    12  oaLoo-slae 49687 

l^as  ah.  '      IS  «  aat.  line 29516 


H. 

M. 

8. 

12 

0 

0 

6 

36 

90 

App^alt  IS   40  • 

The  apparent  (tm^  ih*  latitude  and  longitude  given,  to  find  the  apparent  otHtude  if  a 

fixed  atar, 

RULE. 
Turn  the  longitude  into  time,  and  add  it  to,  or  subtract  ft  from,  the  apparent  tine* 

*  The  apjaafeat  ttaia  nast  b*  tskcn  (as  asoal)  oae  day  Ims  than  the  tea  accoant,  aad  the  boon  masi 
bereekoDedfromao(iBtoaoooiBattBMriealsocoettloBnroBilto21  It  mayaltnt}eohserTed,thaiir  the 
obeenrer  be  famished  with  a  ehroeoneisr,  rcfalated  to  mean  Greepwich  time,  tbli_pwrt  of  tlie  operadoa 
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it  tht  aUp,  aceovding  u  the  longitude  if  west  or  east,  the  sum  or  diflerence  win  be  tlie 
time  at  Greenwich. 

Find,  in  the  Nautical  Atmanac,  the  sun's  right  ascension  for  the  noon  preceding  the 
time  at  Greenwich,  and  add  thereto  the  correction  taken  from  Table  XXXI.  corres- 
ponding to  the  hours  and  minutes  of  the  time  at  Greenwich,  the  sum  will  be  the  sun'f 
right  ascension,  which  being  added  to  the  apparent  time  at  the  ship,  will  gi?e  the  right 
oieension  of  the  mtridian,  r^ecting  24  hours  when  the  sum  exceeds  24  hours. 

Find  the  star's  right  ascension  and  declination  in  Table  VIH.  for  the  year  1820,  and 
correct  them  for  the  years  elapsed  since  that  time,  by  means  of  the  annual  Tariations 
giren  in  the  same  table,  and  you  will  obtain  the  star's  right  ascension  and  declination  at 
the  time  of  obsenration.^ 

The  diilerence  between  the  star's  right  ascension  and  the  right  ascension  of  the  iiieri» 
dian,  will  be  iht  dUtmee  qfthe  ttarfrmn  the  meridim. 

Find  in  the  cohimn  of  rising  of  Table  XXIII.  the  logarRhm  conoponding  to  the 
star's  distance  firom  the  meridian,!  and  add  thereto  the  log.  eo-sine  of  the  latitude  of 
the  ship,  and  the  log.  co-sine  of  the  declination  of  the  star,  the  sum,  rejecting  20  in  the 
index,  will  be  the  logarithm  of  a  natural  number  (Table  XXVI.)  which  subtrscted  from 
the  natural  co>sine  (Table  XXIV.)  of  the  sum  of  the  declination  and  latitude  when  of 
different  names,  or  the  natural  co-sine  of  their  difference  when  of  the  same  name,  will 
leare  the  natural  sine  of  the  star's  true  altitude* 

The  refraction  being  added  to  the  true  altitude  will  give  the  apparent  altitude. 

EXABIPLE. 

What  was  the  apparent  altitude  of  Aldebaran,  at  Philadelphia,  April  It,  1820,  •«» 
aeeount,  at  5h.  57m.  18s.  in  the  aftemoen,  apparent  time  f 

In  Table  VIII.  the  right  ascension  of  Aldebaran  for  1820,  Is  4h.  25m.  S6s.  and  the 
rariation  for  3|  months  is  1''  to  be  added  because  the  time  is  after  1820 ;  henee  the 
riffht  ascension  at  the  nren  time  4h.  25m.  378.  The  declination  of  the  star  for  1820  is 
Ib^  8^  N.  its  variation  for  ^  months  being  neglected. 

H.  M.  a. 
Apparent  time  by  N.  A  April  11,.. .  5  57  18 
Longitude  750  y  W 5    0  36 

Tune  at  Greenwich,  April  11 10  57  54 

•'s  R.  A.  April  11,  at  noon,  by  N.  A.      1  19  28     ' 
Var.  for  lOh.  57'  54''  by  Table  XXXI.  1  41 

4'sR.  A.  attimeofobs 1  21    9 

Apparenttlme  5  57  18 

R.  A.  Mer 7  18  27 

3|C'sR.A.    4  25  37 

♦'s  dist  from  merid 2  52  50       Its  log.  in  eol.  rising 4.43318 

Utitude  of  Philadelphia  39^  ST  N.  ^  coSe....  9.88457 

slCs declination 16      8  N.  co-sine....  9.98255 


r^  «.    .«     nat  number       19966  Its  lag.  4.30030 

Difference 23    49      nat  eo-sine       91484 

,      %     ■ 

Truealtitode 45    39      nat  sine  71518 

Refraction 1 

Apparent  altitude 45    40 


Rcted  for  abemtkm  and  dusuIob,  are  lo  be  wed  m  nfktr  aiove  seewaie. 
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180  LUNAR   OBSERVAflONS. 

The  t^pparaU  Hme,  mud  Ike  laiiiitde  «uf  longitude  of  the  ship  ghen,4o  find  the  opfMrmf 
altitude  of  the  moori't  centre. 

Turn  the  longitude  into  time  (by  Table  XXI.)  and  if  in  west  longitude  add  it  to,  but 
In  east  longitude  bubtract  it  from  the  apparent  time^  at  the  ship,  the  sum  or  difierence 
will  be  the  time  at  Greenwich. 

Take  the  sun's  right  ascension  out  of  the  N.  A.  for  the  preceding  noon  at  lireen- 
wicfa,  and  add  thereto  the  correction  taken  from  Table  XaXI.  corresponding  to  the 
hours  and  minutes  of  the  time  at  Greenwich,  the  sum  will  be  the  sun's  right  ascension, 
which  being  added  to  the  apparent  time  at  the  ship,  will  givb  the  right  ascension  of 
the  meridian,  rejecting  24  hours  when  the  sum  exceeds  i4  hours. 

Take  from  the  N.  A.  the  moon's  right  ascension  and  declination  for  the  time  imne- 
diately  preceding  and  following  the  time  at  Greenwich,  and  proportion  for  the  time  at 
Greenwich,  by  means  of  STable  XXX.  and  you  will  obtain  the  moon's  right  ascension 
and  declination  at  the  time  of  observation. 

Turn  the  moon's  right  ascension  into  time  (by  Table  XXI.)  and  the  difference  be* 
tween  that  time  and  the  right  ascenMon  of  the  meridian,  will  be  the  moon's  distancef 
from  the  meridian  ;  with  which  enfer  table  XXIII.  and  take  out  the  corresponding  lo- 
garithm from  the  column  of  rising,  and  add  thereto  the  log*  co-sine  of  the  latitude  of 
the  ship,  and  the  log.  co-sine  of  the  deoiination  of  the  moon,  the  sum,  rejecting  20  in 
the  index,  will  be  the  logarithm  of  a  natural  number  (Table  XXVI.)  which  subtracted 
ftt>m  the  natural  co-sine  (Tabic  XXIV.)  of  the  sum  of  the  declination  and  latitude  when 
of  different  names,  or  the  natural  co-sine  of  their  difference  when  of  the  same  name,  will 
leare  the  natural  sine  of  the  moon's  true  altitude ;  from  which,  subtracting  the  correction 
corresponding  to  the  altitude  in  Table  XXIX.^  there  will  remain  the  apparent  altitude 
nearly. 

EXAMPLE. 

What  was  the  moon's  apparent  altitude  April  29, 1820,  sea  account,  at  7h.  55m.  68s. 
P.  M.  in  laL  42^  34'  S.  long.  65"  7'  30"  W.  from  Greenwich  ? 


April  29,  sea  account  is  April  28  by  N.  A.  at ^    55    62 

Long.  65^  7^  30"  W.  in  Ume  . . 


H.  M.    S. 

7,  56     62 

Long.  65^  7^  30"  W.  in  Ume 4  20    30 

App.  time  at  Greenwich - 12  16    22 

Sun's  Rt  ascen.  April  28,  at  12h.  16"  22'' P.  M.  by  N.  A 2  24    44 

Apparent  time  at  the  ship 7  55    52 

Rig^t  ascension  of  the  meridian K)  20    36 

]^ 's  right  ascension  in  time 14  48    20 

)^ 's  distance  from  the  meridian 4  27    44 

Coiresponding  to  which  in  the  col.  log.  rising  is 4.78404 

Latitude 42^34^8.                                                            co-sine  9.86717 

J^  >s  decUnatkMi  ...  20      OS.                                                          eo^sine  9.97299 

natrnnn.      42092                      log.  4.68420 
Difierence  ..••••.  29    34             nat  co-sine  92343 

>'s  true  alt  30*10  nat  sine        50251 

Cor.  Table  XXIX.  48 

>*sApp.  alt 29    29 


•  TbeoppvemtlmektolwooaDiedfrwniMontoaooB^asdlrecfcdintbejmcedhirB^ 

tWhm  the  cU«aMt«M0edslSh.3f«Mimst  cater  tsbtoXXm.  with  the  dBBMriiceVcwMii  tf«l  dii- 

Cinosuid  24  boon. 
i  IB  ttricniMi  jou  oaght,  iansnd  of  this  eorrectioB,  to  ose  ,«h«  correetloii  «f  tfre  nieon*t  alHttide,  estv 

anpoBding  to  hsr  apparmc  aMmdtittd  horlnMal  pa^dtos. 
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TO  FIND  THE  LONGITUDi:  BY  ECLIPSES.  Ul 

To  find  the  Longitude  hp  the  EcUpeu  qfJvpUer^e  SateUUe^. 

*n«  eclipses  of  the  satelliteB  tre  given  in  page  III.  of  the  montb  of  the  Ntatieml 
Almanac  for  mean  time  at  Greenwich.  There  are  two  kinds  of  these  eclipses — an  Im* 
wtertkn,  denoting  the  instant  of  the  disappearance  of  the  satellite  by  entering  into  th^ 
sliadow  of  Jupiter,  and  an  fmerstan,  or  the  insfanC  of  the  appeanmcc  of  the  sateltite  in 
coining  from  the  ahadow.  The  inuoenbns  aad  emtfakms  gencraly  hAppon  when  the 
aateUite  Is  at  some  distance  Irom  the  body  of  Jupiter,  except  near  the  opposition  of  Ju- 
piter to  the  sun,  when  the  satellite  approaches  near  to  his  body.  Before  the  opposition 
they  happen  i>n  the  west  side  of  Jupiter,  and  afWr  the  opposition  5n  the  east  side ;  but  if 
an  astronomical  telescope  is  used  which  reverses  the  olyects,  the  appearance  will  be 
directly  the  contrary.  The  configurations,  or  the  positions  in  which  Jupiter*s  satellites 
appear  at  Gi«enwich,  are  laid  down  every  night,  when  visible,  in  page  XH.  of  the  month 
of  the  Nautical  Almanac. 

Am  those  eclipses  happen  almost  daily,  (he^r  ftfford  Ae  most  ready  neans  ef  dcter^ 
ndBing  die  longitude  of  places  on  land,  and  might  also  be  applied  at  aea,  if  the  observa- 
tions could  be  taken  with  sufficient  accuracy  in  a  ship  under  sail,  which  can  hardly  be 
doBOp  since  the  least  motion  of  a  telescope  which  magpifies  snffifiwitty  to.  make  these 
ehservations,  would  throw  the  olyects  out  of  the  field  of  view. 

As  theae  eclipses  are  given  in  the  Nautical  Almanac  in  mean  tijne»  it  is  necessary  te 
regulate  jour  watch  to  mean  time  ;*  this  is  easily  obtained  from  the  apparent  time  by 
applying  to  the  latter  the  equation  of  time  taken  from  the  Nautical  Almanac,  by  adding 
or  subtracting  according  to  the  directions  in  the  column  from  whence  the  equation  was 
taken ;  hence  the  error  of  a  watch  with  respect  to  mean  time  may  be  ascertained. 

The  watch  being  thus  regulated,  you  must  then  ftnd  nearly  the  time  at  which  the 
eclipse  wJU  begin  at  the  place  of  observation ;  this  may  be  done  as  follows :  Find  from 
the  Nautical  Almanac  the  time  of  an  immenioa  or  emenion,  and  apply  thereto  the  Ion* 
gitude  turned  into  time,  by  adding  when  in  eaet,  but  subtracting  when  in  west  longiCude, 
the  sum  or  difference  will  be  nearly  tiie  mean  time  when  the  eclipae  is  to  be  observed  at 
the  given  place.  If  there  be  any  uncertainty  in  the  longitude  of  the  place  of  observation, 
you  must  begin  to  look  out  for  the  eclipse  at  an  earlier  period ;  and  when  the  eclipse 
begins,  you  must  note  the  time  by  the  watch,  and  after  applying  the  correction  for  the 
error  of  the  watch,  if  there  be  any,  you  will  have  the  mean  time  of  the  eclipse  at  the 
place  of  observation  ;  the  difference  between  this  and  the  time  in  the  Nautical  Afananar, 
bihig  tuned  into  degrees,  IrtU  be  the  longitude  from  Greenwich. 


EXAMPLE. 

Buppoee  that  on  the  tlst  of  August,  1820,  sea  account,  in  the  longitude  of 
127^  5  V  W.  by  account,  an  immersion  of  the  first  Satellite  of  Jupiter  was  ob- 
senred  at  7h.  12m.  829.  P.  M.  mean  time.    Required  the  longitude? 

ByN.A.in»MrBien Aug.  20th.    15h.  47' 52" 

Bjobserv.  Ai«.  21,  seaaceountyOrbyN.  A. Aug.  90th.       7    12  32 

Longitude  in  time • •       8    35  20 

whidi  tamed  into  degtees  gives  128*^  SO'  W.  for  the  longitude  of  the  place  of  obser- 
vation. 

To  find  the  Longititde  by  Edipse  of  the  Moon,  . 

The  determination  of  the  longitude  by  an  eclipse  of  the  moon  is  perform- 
ed by  comparing  the  times  of  the  beginning  or  ending  of  the  eclipse,  as  also 
the  times  when  any  number  of  dibits  are  eclipsed,  or  men  the  earth's  shadow 
begins  to  touch  or  leave  any  remarkaUe  ^ot  on  the  moon's  face ;  the  difftr- 
eoce  of  time  between  the  like  observatioDs  made  at  different  places,  turned 
into  d^^^es,  will  be  the  difference  of  longitude  of  those  places. 

When  the  bc|;inning  or  end  of  an  eclipse  of  the  moon  is  observed  at  any 
place,  the  longitude  of  that  place  may  be  easily  found  by  comparing  the  time 


w  III  UwAlnuBCfpiiblisbcdbHbrvlSOS,  the  apporenf  tine  ©f  Oie  edIpKt  w«i  given  hMt«d  of  ih* 
■iMM  fiflte. 
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i8£    TO  FIND  TEA  LONGITUDE  BT  A  CHRdNOMErftER. 

of  obseiration  with  the  time  given  in  the  Nautical  Almanac,  for  tiie  diffeiV' 
ence  between  the  ohserved  time  of  beginning  or  ending,  and  the  time  given 
fn  the  Nautical  Almanac,  will  be  the  ship's  longitude  in  time,  which  may  be 
turned  into  degrees  by  Table  XXI.  Thus  if  the  beginning  of  an  eclipse  of 
the  moon  wtts  observed  March  30,  18£0,  sea  account,  at  9h.  59|fm.  the 
time  by  the  N.  A.  being  March  29  or  March  SO,  sea  account,  at  5h.  IBfm. 
their  difference  4h.  4Sm.  is  the  longitude  of  the  place  of  observation  ==70^ 
45',  which  is  east  frpm  Greenwich,  because  the  time  at  the  place  of  observa- 
tion is  greatest. 

To  Jmd  the  Dmgitude  by  a  perfect  ivme-keeper  or  chroMJnUer.* 

It  was  before  observed,  that  if  a  chronometer  could  be  made  in  so  perfect 
ft  manner  as  to  move  uniformly  in  all  places,  and  at  all  seasons,  the  longitude 
might  easily  be  deduced  therefrom,  by  comparing  the  time  shown  by  the 
chronometer,  regulated  to  the  meridian  of  Greenwich  (or  some  other  known 
meridian)  with  the  mean  time  at  the  place  of  observation.  For  the  difference 
of  tiiese  times  would  be  the  difference  of  longitude  between  that  meridian  and 
the  place  of  observation.  The  moderate  price  of  good  chronometers  now, 
in  comparison  with  their  values  many  years  since,  together  with  the  various 
improvements  in  their  construction,  have  caused  this  method  of  determining 
the  longitude  to  be  much  more  used  within  a  few  years,  than  it  was  when  the 
first  editions  of  this  work  were  published:  we  shall  therefore  explam  more 
fully  the  use  of  this  instrument,  and  the  methods  of  regulation. 

If  a  chronometer  is  to  be  used  on  a  voyage,  it  must  be  adjusted,  and  ite 
rate  of  going  ascertained,  before  sailing.  This  may  be  done  by  taking  alti- 
tudes of  the  sun  or  some  other  heavenly  body,  and  finding  therefrom  the 
appartnt  time  of  observation,  by  any  of  the  methods  before  given  in  pages 
1^4 — 161.  To  this  time  must  be  applied  the  equatum  of  Sme,  found  in 
^page  II.  of  the  month  of  the  Nautical  Almanac,  or  in  Tabk  IV.  A  (reduced 
to  the  moment  of  observation  by  means  of  Table  VI.  A)  by  adding  the 
equation  to,  or  subtracting  it  from,  the  apparent  time,  according  to  the 
directions  given  in  or  at  the  top  of  each  column  of  the  table,  the  sum  or 
difference  will  be  the  mean  imt  of  observation,  being  the  same  time  as  would 
be  shown  by  a  chronometer  whose  motion  is  perfectiy  uniform.  Comparing 
this  mean  time  of  observation  with  the  time  by  the  chronometer,  shows  how 
much  it  is  then  too  fa;»t  or  too  dow  for  the  meridian  of  the  place  of  obser- 
vation ;  and  by  repeating  the  operation  on  a  future  day,  the  rate  of  going 
may  be  ascertained.  If  it  is  found  to  gain  or  loH  a  few  seconds  or  parts  m 
a  second  per  day,  that  allowance  must  be  made  on  all  future  observations 
at  sea.  Thus,  if  on  the  1st  of  June,  1 824,  at  5h.  10m.  20s.  by  the  chronome- 
ter, the  mean  time,  deduced  from  an  observation  of  the  sun's  altitude,  was 
5h.  12m.  40s.  the  chronometer  would  then  be  too  slow  by  the  difference  of 
those  times  2m.  20s.  and  if  on  the  21st  of  June  following  the  time  by  the 
chronometer  was  4h.  15m.  d5s.  when  the  mean  time  was  4h.  18m.  17s.  the 
chronometer  would  then  be  too  slow  by  the  difference  of  those  times  or  2m. 
42s.  and  the  rate  would  have  varied  in  20  days  from  2m.  20s.  to  2m.  42s. 
which  is  a  difference  of  22  seconds  in  20  days,  being  IjV  seconds  per 
day,  and  this  rate  must  be  allowed  on  all  future  observations  at  sea,  until 
a  new  regulation  can  be  obtained,  at  some  place  whose  longitude  is  known. 
It  is  best  to  have  a  considerable  number  of  days  interval  between  the  two 
observations  for  fixing  the  rate,  by  which  means  it  may  be  determined  to 
tenths  of  a  second,  the  absolute  error  of  the  observations  being  reduced  in 
finding  the  daily  rate,  by  dividing  by  the  number  of  days.  Thus  if  the 
above  difference  of  22  seconds  had  been  erroneous  28.  and  the  true  value 
tOs.  the  daily  rate  would  be  one  second  instead  of  Is.l,  varying  only  one 
tenth  of  a  second,  notwithstanding  the  observations  on  which  the  rate  was 
established,  contained  an  error  of  2  seconds. 

TlH^  OhronouiMen  mort  eelebmir^  for  norreetnew  are  Urow  luade  bj  Mr.  Frendu  liondon,  And  ibr 
fcy^JA.ttK»  LADD,  Mo.  SO  WaU-ftrNt,  New-Yort,  wto  utodMBloiiilf  imdentnds  thy  v«lu>Me 
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HtTing  regulated  a  chronometer,  in  the  manner  first  mentkmed,  at  aplaca 
whose  longitude  from  Greenwich  is  known,  it  is  easy  to  find  how  much  it » toa 
hst  or  too  slow  for  the  meridian  of  Greenwich,  hy  allowing  for  the  difference 
of  meridians.  Thus,  if  the  above  mentioned  obserration  of  June  1,  was  made 
in  place  in  74^  west  longitude,  corresponding  in  Table  XXL  to  4h.  96m.  the 
chronometer  on  that  day  would  be  too  %low  for  Greenwich  time  by  the  siia 
of  4h.  56m.*  and  2m.  20s.  or  4h.  58nl.  20s.  In  general  it  will  be  full  as  simple* 
when  thus  regulatii^  a  chronometer,  at  a  place  whose  longitude  is  known,  to 
reduce  at  once  the  mean  time  at  the  place  of  observation  to  the  meridian  of 
Greenwich, 'by  adding  the  longitude  if  west,  wbtraeting  if  east,  the  sum  or 
difference  will  be  the  mean  time  of  observation  upon  the  meridian  of  Green- 
wich, the  difference  between  this  and  the  time  given  by  the  chronometer, 
shows  how  much  it  is  too  fast  or  too  slow  for  Greenwich  nuan  tone.  Thus  by 
adding  the  longitude  4h.  56m.  to  the  mean  time  of  the  above  observation  5h. 
12m.  40s.  the  sum  lOh.  8m.  40s.  is  the  mean  time  at  Greenwich,  from  which 
subtracting  the  time  by  the  chronometer  5h.  10m.  20s.  the  remainder 
4h.  58m.  2O9.  is  what  the  chronometer  is  too  alow  for  Greenwich  time,  as 
was  found  before. 

The  chronometer  having  been  thus  regulated  to  Greenwich  time,  and  the 
daily  rate  of  its  goinj;  ascertained,  if  thb  rate  should  remain  unaltered,  the 
time  at  Greenwich  will  be  known  by  it,  at  any  moment  at  sea,  and  if  at  that 
moment  by  any  observation  of  the  sun,  moon,  planet  or  a  fixed  star,  Uie  op- 
parmt  time  be  found  bv  any  of  the  methods  explained  in  pages  154—161,  and 
thoflKon  time  at  the  ship  deduced  therefrom,  by  applvmg  the  equation  of 
time,  as  above  explained,  then  the  difference  between  this  mean  time  at  the 
ship,  and  the  mean  time  at  Greenwich  shown  by  the  chronometer,  will  be 
the  longitude,  which  may  be  turned  into  degrees  and  minutes  by  Table  XXI. 
We  shall  explam  by  a  few  examples  the  preceding  remarks.  ^^ 

EXAMPLE  I. 

Wishing  to  regulate  a  chronometer,  is  a  pUee  whose  latitnde  is  51^^  SO'  N. 
and  longitude  n4P  £.  from  Greenwich,  I  observed  Oct.  10,  1824,  at  8h. 
21m.  A.  M.  sea  account  per  chronometer,  the  altitude  of  the  sun*s  lower 
limb,  by  a  &ir  observation  19^  32',  the  correction  for  semi-diameter,  parallax 
and  dip  being  12'.  It  is  requhred  to  find  the  errror  of  the  chronometer  for 
wean  tune  at  Greenwich  ? 

The  apparent  time  of  this  observation,  computed  as  in  Example  I.  page 
158,  is  8h.  7m.  Os.  A.  M.  corresponding  to  Oct.  Bd.  20h.  7m.  9s.  by  the  Nau- 
tical Almanac.  From  this  subtract!  the  longitude  114^  turned  into  time 
7b.  36m.  by  Table  XXI.  the  remainder  Oct  9d.  12h.  81m.  9s.  is  the  aj^po- 
tad  time  at  Greenwich.  Now  by  Table  IV.  A,  the  equation  of  time  for 
Oct  9d.  at  noon  is  tub.  12m.  44s.  with  a  daily  wcnatt  of  16s.  and  this  in 
Table  Vl.  A,  under  16s.  and  opposite  to  I2h.  31m.  Bs.  gives  9s.  to  be  added 
to  12m.  44s.  (because  it  is  increanng)  the  sum  12m.  53s.  is  the  equation  of 
lime,  whicb  by  the  teble  is  subtractive  from  the  appartnt  time  at  Greenwich 
Oct  9d.  12h.  31m.  9s.  to  obtain  the  meoft  time  at  Greenwich  Oct.  9d.  12h. 
18m.  1j6s.  If  the  mean  time  at  the  plact  of  observaiUm  is  required,  it  would 
ht  found  by  subtracting  the  equation  of  time  12m.  536.  from  tiie  apparent 
«ime  at  the  place  of  observation,  8h.  7m.  9s.  and  it  would  therefore  be 
7h.  54m.  168. 

EXAMPLE  II. 

May  10,  1824,  at  5h.  30m.  P.  M*  sea  account  per  chronometer,  in  latitude 
33^  54',  in  a  place  whose  longitude  was  known  to  be  17<^  30'E.  from  Green- 
wich, the  altitude  of  the  sun^s  lower  limb  by  a  fore  observation  was  15^  45^ 
the  correction  for  dip,  parallax  and  Bemi-diameter  being  12'.  It  is  required 
to  find  the  error  of  the  chronometer  for  mean  time  at  Greenwich,  and  at  the 
place  of  observation  ? 


t  £.^  ^■^I*^.l^.b?«"  *H^  It  ^'Po^  V^  I^CM  nbtnic«Te< 


Vtte  loittitwie  iMd  beea  «Mt,  It  would  bv 
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n«  apparent  thne  of  tlris  obeerration,  eomputed  as  iri  Example  II.  page 
196, 18  May  9d.  5h.  S4m.  iMi.  by  the  Nautical  Almanac*  From  this  sub- 
tract^ tbe  Imigltude  IT^  Sff,  turned  into  time,  Ih.  10m.  by  Table  XXI.  the 
rMuinder  May  9d.  4h.  S4m.  268.  is  the  (^ffpamU  time  at  Oreenwlcb,  By 
Table  TV.  A,  the  equation  of  time  for  jfay  9th.  at  nooft  is  tub.  3m.  48s.  with 
a  daily  inerease  of  9b.  and  this  in  Table  VI.  A«  under  8s.  and  opposite*  4h. 
C4m-  £08.  is  Is.  wliich  added  to  3m.  488.  (because- it  is  increasing)  gives  tlie 
equation  of  tlnie^  at  the  moment  of  observation,  s«6.  8m.  488.  Subtracting 
this,  aeeording  to  the^rection  in  Uie  table,  from  th6<ippareMt  time  at  Ofeen- 
wich  May  9d.  4h.  £4m.  268.  leaves  the  mean  thfoe  at  Chreeifwich  May  9d.  4b. 
sum*  87s.  Subtractinp  the  same  equation  9m.  40s.  fmm  tiie  qpp(i»^Mf  time  at 
the  place  of  observation  5h.  84m.  tGs.  giVes  the  mean  time  at  the  place  of 
obeervation  dh.  80m.  878.  The  difference  between  the  mean  time  at  Green- 
wich 4h.  SOm.  87s.  and  the  time  by  tiie  chronometer  5h.  80m.  is  Ih.  9m.  288. 
which  is  the  time  the  chronometer  is  too  fast  for  Oreen wich  mean  time. 


EXAMPLE  III. 

Suppose  that  July  27, 1820,  sea  account,  the  apparent  time  was  foimd  by 
an  altitude  of  the  sun  to  be  Ih.  5'  8''  P.  M.  when  by  a  watch  well  regidated 
to  mean  Oreenwich  time,  the  time  was  4h.  9'  B"  p.  M.  Required  tiie  k>ng< 
ttudt? 

Apparent  time Ih.   5'  9" 

EqoatiMiartinMsid 6    8 


MsantiiiieatpiMBofobienratiaa  1 
Time  p^  watch. ••.»»•• 4 


16 

8 


t  Diflereaoe  in  long. d    51  52=429  58^  W.  the  longitude 

being  wesc,  because  the  time  at  Greenwich  is  tke  greatest. 

EXAMPLE  IV. 

Suppose  that  May  14,  1820,  sea  account,  the  apparent  time  was  found 
by  an  altitude  of  the  sun  to  be  4h.  8*  5"  P.  M.  when  the  time  by  the  watch 
was  2h.  p.  M.  the  watch  being  too  slow  for  mean  Greenwich  time  11'  9^. 
Required  the  longitude  f 


Apparent  time 

Equstioa  of  time  sub.. 


4h.  3" 
3 


6" 
56 


Time  per  watch 
Watch  enw  add 


b.O'O* 
U  9 


if  ean  time  at  place  of  obserr.     3 
Time  at  Greenwich 2 


59 
11 


9f.m. 
9 


Time  atiSieenwich   2  II  9  p.m. 


MffersBce  of  longitude. 


1    48      ObST^CKB. 


EXAMPLE  V. 
Si^EKpose  that  on  June  14,  1820,  sea  account,  in  a  place  whose  longitude 
from  Oreenwlcb  waa  known,  a  number  of  ob|6rvatioa8  were  taken  to  ascer- 
tain  the  going  of  the  watch ;  and  it  was  found  that  on  that  day  it  was  1(V 
too  slow  for  mean  Oreenwich  time,  and  lost  time  2"  per  day ;  and  that  on 
July  14,  1820,  sea  accouHt*  the  time  per  watch  was  6h.  0'  6''  P.  M-  when,  by 
an  observed  altitude  of  the  sun,  the  apparent  time  was  Ih.  16'  10''  P.  M. 
Required  the  longitude  7 


Apparenttime Ih.  16'  10"' 

Bquation  of  time  add 5    22 


EiTor  of  watch,  June  14, O'  10^  alow 

SOdaysatS'' 1      0    alow 


Maaatimoatplaoeofobser.    1    81    32 
Time  at  Greenwich 6     1    16 


toogitude  . 


.4   39    44=1 


ErrorJu]jl4, 1  10 

Time  per  waloh 60  6 

Tune  at  Greenwich 6    1  16 

69^  56'  W. 


*  Thb  to  to  be  «Uei  if  the  ihipt  loefitade  ii  »t«. 
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TO  A£fitJI«A.T£  A  CHR0N05IETE.II. 

2P0  regiittU  a  Chwhometer  6jf  Lunar  OhscrvaHoiii> 

It  aometimes  happens  that  a  chronometer  is  by  accident  suffered  to 
down  when  at  sea,  in  which  case  it  can  be  regulated,  by  means  of  a  ^1 
number  of  lunar  observations,  which  must  be  taken  with  the  greatest  c; 
and  with  objeets  on  different  sides  of  the  moon.  These  observations  ma^ 
made  en  the  same  day,  or  on  several  successive  days,  finding  by  each 
» servation  how  much  the  chronometer  is  too  fast  or  too  slow  for  Greenv^ 
time,  and  taiung  the  mean  result  for  tlie  error  at  the  mean  tune  of  ob 
vation. 

BXAVPLE  I.  f  EXAMPLE  R  EXAMPLE  W, 

IISO.  m.%\    18IS.  m.  s.|  iei7. 

April  &   Too  fast  1st.  obft    2  13  April  30.  Too  slow  Ut.  ob»    I  19iAug.d.  Too  Mow  Isl.  ob9^ 

2d.  utM^      2  08      -     21.  ai.  o!«.   1  21  „    6.  Too  f«»l  2a.  o»)s  -\ 

Sd.  ob«.   t  2C  „    «.  Too  t\ow  &!,  obs.- 

n   ^.  TtoCnt  41b.  ot».-f 

»)   «! 


Sd.ob«.      2  OS 
r     T»    '  4Ch.  oba.    i  JO 

€)    36 

Meslfi  error        ...29 


ChroL  too  Jlow  Apra  71,         f  22  f 

1911110.  too  iloir,  Avf  •  7 


la  the  kust  example  some  of  the  observations  made  the  chronometer 
slow,  and  others  too  fast ;  thfse  arc  marked  with  iUfferent  stgns'+  and 
the  sum  is  to  be  found,  noticing  the  signs  in  the  algebraical  manner 
taught  in  tlie  introduction  to  4h&  appendix  of  this  work. 

It  haaUxUly  been digewKted  tluit  chrvnomcttn  gentrallygo  faster  on  hoard 
vessel  theoi  tMen  on  shore  ;  this  variation  has  been  sometimes  found  tc 
as  much  as  14  seconds  per  day,  though  in  genpral  not  more  than  1  or  S 
GOtdfl*  It  is  suspeoled  that  thia  arises  from  tha  attraction  of  the  iron  in 
vessels,  the  chronometer  having  acquired  a  small  degree  of  magnedsm. 
remedy  this  inconvenience  it  has  been  recommended  to  keep  tJie  chrono 
ters  always  in  the  s^me  place  on  b«ard  the  ship,  and  to  regulate  tht»m  w 
thus  placed,  before  leaving  the  port,  or  by  means  9(  lunar  observations 
ter  tlie  above  manner)  when  at  sc.i.  Thus,  in  the  first  of  tlie  above  ex 
pies,  the  chronometer  was  2m.  Os.  too  fast  for  Greenwich  time  April  9,  l 
auppose  now  by  a^  set  of  lunar  observations  made  April  30,  IS:^,  it  was  f<Q 
to  be  fast  2m.  30s.  the  variation  would  be  £i9«  in  21  days,  which  is  1  sec 
per  day-  for  the  acceleratioaof  the  chronometer. 

It  has  also  been  found  that  chronometers  {nneraJly  train  by  an  increai 
density  of  the  air,  ai^d  lose  by  a  decrease  of  density*  The  fifing  of  gum 
board  a  vessel  will  sometimes  alter  the  rate  of  going,  unless  the  instrun 
be  wefl  suspended,  or  held  in  the  hand  during  the  firing.  Any  suddcr 
will  sometimes  alter  the  rale.  The  imperfection  of  the  oil  used  will  a 
sometime  inipair  the  instriunept*  Finally,  the  mechanism  used  to  cor 
the  change  of  temperature  of  the  air  may  not  do  it  completely,  and  s< 
error  niay  arise  from  this  source.  Notwithstanding  these  various  cai 
of  error,  it  i^  wonderful  to  observe  how  accurately  some  of  tl 
chronometers  perform  their  office. 

To  find  ike  Longitade  hy  a  Variation  Chart, 

In  the  year  1700,  Dr.  Halley  proposed  to  find  the  longitude  by  a  i;l 
he  published,  onivhich  the  lines  of  the  variation  of  the  compass  were  drai 
*  and  sinc«  that  time  several  similar  charts  ha\'e  been  published  for  the  » 
purpose;  but  the  difiiculty  ofdeteriuining  the  variation)  combined  with  \ 
er  causes,  will  probably  prevent  this  method  from  being  tufficiently  accu 
to  be  generally  useful. 

The  method  of  using  this  chart  is  as  follows  :  On  the  parallel  of  latit 
which  you  are  in,  find  the  observod  variation,  and  that  point  will  be 
place  of  observation. 

A  chart,  on  which  the  Ikies  of  the  dip  of  the  magnetic  needle  are  nii 
ed,  n)igbt  be  used  ia  the  same  manner  for  determining  the  longitude. 
B  b 
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PROBLEMS  USEFUL  IN  NAVIGATION. 

PROBLEM  I. 

Ctmating  tdong  shorty  J  smo  a  cape  of  land  heparing  .V.  JV*. 
£.  and  ^fter  sa^ng  W,  Jf.  W,  80  imfM,  U  hort  JV*.  £.  hy 
B,    Rtqwrtd  Hu  dukrnce  of  the  ship  from  the  cape  at  Mft 

BY  PROJECTION. 
Describe  the  compass  £.  S.  W.  and  let  iU  centre  A  repre- 
sent Uw  place  of  the  ^ip  a^  the  fint  station  ;  draw  the  W. 
N.  W.  line  AB  equal  to  SO  miles,  and  B  will  represent  the 
second  station.  Draw  the  N.  N.  £.  line  AC,  of  an  indefi- 
nite length,  and  the  line  BC  parallel  to  the  N.  £.  by  £..  line 
of  the  compass ;  the  point  of  intenection  C  will  repr^eent 
the' place  of  the  cape ;  and  the  distance  BC  being  measored 
win  be  found  36  miles,  and  AC  30  miles. 

BT  LOOABITHlftS— (bj  Case  1.  ObL  Trig.) 

The  diflTerence  between  N.  N.  E.  and  W.  N.  W.  is  8  iKHnts  or  90^.  therefdre  BAC 
is  *a  right  aosie ;  also  the  difference  between  '  the  N.  E.  by  E.  and  N.  N.  E.  is  3 
points=?«ngle  ACB  and  the  difference  between  the  N.  E.  by  B.  point  and  the  point 
opposite  to  W.  N.  W.  is  5  points,  equal  to  the  angle  ABC. 

To  find  the  dbtiuiee  BO. 
As  si.  me.  ACB  S  poiati  v.  ep.  OLSaaOS 

Is  to  tiM  distance  AB  90        .       .  1^08 

8o  b  sine  angle  BAG  8  poiais  10.00000 


TotbediiiMu:eBC96.0 


To  find  the  distance  AC. 
As  sine  AOB  8  points  ar.eo.    . 
Ist»tlMdl«|uioeAB20         .       .        ,    IJOtOB 
Qo  b  doe  vni^e  ABC  5  points  9.91905 


l,6a«!9       To  the  disluee  AO  39J» 


xxmiA 


onom«lrf ,  duragh  they  mi^t  btve 
*^'*'  '    nonetiy,  because  &  aag^ 


The  ahmre  sphitioDa  are  by  aase  {.  Oh 
been  done  in  this  ezara)ple  by  case  II.  of  % 
BAC  is  a right-angte.  /*»  .,• »-.  ;..^>  ♦ 

If  the  bearings  of  the  middle  point  C  o&acclfland  (or  any'^iemaikable  peak)  bad  beeit 
tahen  and  determined  in  this  manner,  you  might. h&m^  ftfMjM  the  same  time  tiie  limit 
of  the  dimensions  of  the*  island,  by  measuring  wj^th  a^-quAdx^t  nr  sextant,  held  in  a  ho- 
rizontal position,  the  anguhir  distances  between  that  mid^i(uiit  and  the  extremes  of 
the  island.  For  by  drawing  the  fines  ADE,  .AQF«\making,fiDe  Mpgles  DAC,  QkC,  widi 
AC  equal  to  the  angular  distances  observed  at' A  r^mit  in  the  HIto  na&ner  by  drawiiig 
the  Kaes  BDG,  BEF,  mnidng  angles  with  BC  eq«M  to  thfllv^^'*  y 
aogubr  dirtanees  observed  at  B,  you  w^tild  6bti|iB  the^quad-*  ^  w)i,, 
ritaleral  figiire  DEFG,  within  which  the  island  is.  to  be  '• -;  * 
plaoed.    If  similar  obaerrations  could  be  procun«ratlI,.thex  o 

would  in  general  take  off  the  comers  at  D  and.F  ;  and  db-  -  ^  ' 
Nervations  at  I,  would  generally  take  off  the'  corneni  at  E 
and  6  ;  and  by  observing  the  projecting  points  ahd  c^iYcs 
^in  the  island,  whUe  sailing  round  it,  and  dr&wiAg  a  figure 
conlhrmaUe  thereto  within  the  limiting  spe(^  ^^u^  found, 
the  Ibrm  and  dimensions  of  the  bland  may  be  c^fcvned  to.  a 
eonsiderable  degree  of  accuracy.    ..  '  *     -'  ' 

PROBLEM  U. 

Idling  at  sea,  I  mw  two  heaSHgnds  whose  hearirtg  .from  ont'onoihiT  by  tie 
chart  was  W,  by  N.  and  E.  hv  S.  a^d  distance  15  miles ;  the  westernmost  bore 
from  me  S»  S.  W.  and  the  easternmost  5.  Ei^/  E.  Reauired  my  distance  fiaim 
endiofthem?  '         .  ^  J  H  :f 

BY  PROJECTION. 

D^w  the  compass  N.  £.  S.  W.  and  throui^ 
the  centre  A,  draw  the  E.  by  8.  line  AR,  the 
S.  S.  W.  Une  AB,  and  the  S.  E.  by  E.  line 
AC,  and  continue  the  two  latter  indefinitely, 
but  upon  the  former  AR  take  ADslS  miles ; 
through  D  draw  DC  parallel  to  AB,  to  meet  ^  | 
AC  in  C,  end  draw  CB  parallel  to  AD.  ' 
Then  A  will  be  the  p]«ee  where  the  head- 
laads  B  and  C  were  observed ;  and  the  dis- 
tance AB  of  the  westenunost  headland  be- 
ing measured,  will  be  found  to  be  5,8  miles, 
and  the  distance  AC  of  the  easternmost  head- 
IiTnd  15  miles. 
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BY  LCGARITHMfi. 

'Between  the  S.  8.  W.  line  AB  and  the  8.  E.  by  E.  line  AC,  are  7  p<dlitB^ 
<=  <  BAC ;  and  between  the  S.  E.  by  E.  line  AC,  and  the  E.  by  8.  line  AD 
are  4  points  s=  <  CAD  =  <  ACB  (because  AD,  BC  are  parallel)— therefore 
ACB+BAC:=9  points,  and  since  all  ihret  .^eles  ACB,  BAC,  ABC  are 
equal  to  16  points,  the  angle  ABC  is  al^  equal  to  7  powt,^  therefore  (hy  art. 
.99  Geoin.;  the  sides  AC,  CB  are  equal,  being  opposite  to  tii«»  ^nw^  angles 
ABC,  BAC.  If  these  angles  had  not  been  equal,  ^  side  AC  in%k»vv«,^ 
^n  calculated  in  the  same  manner  as  we  shall  oofHaJculate  the  side  AB. 


TlUs 
^uid,fcc 


To  find  the  ade  AB. 

Km  Mse  BAC  7  potnU  co.  ar.  O.00S43 

b  to  BC  15  Biilet  1.17e09 

SoksiiieACBSpoinU  9.99884 

To  AB  6.85  0.76786 

.  or  the  fint  maj  be  lued  for  finding  the  distance  of  a  iliipfirom  any  1^^- 
taldng  ber  depwtiire  from  the  land. 


PROBLEM  III.      . 

Tv90  aAm  ml  /rsm  tktmm^pmt,  me  Bails  N.  £.  4  E.  16  mikt,  the  other 
mdlM  torte^  to  mUe$,  and  then  finde  that  the  first  hears  N.  N,  W.  gequinii 
ihe  mOttrshnj^s  course^  and  the  mstanee  between  the  two  MfS  ? 

BY  PROJECTION. 

Draw  the  compass  ESW,  and  let  its 
centre  A  represent  the  port  sailed 
from  ;  draw  the  N.  E.  h  £-  line  ABs= 
16  miles,  and  through  B,  the  line  BC, 
Ijarallel  to  the  N.  N.  W.  line,  and  con* 
linue  it  indefinitely ;  take  CO  miles  in  _. 
your  compasses,  and  putting  one  fo6t  in  ^  , 
A,  describe  with  the  other  an  arch  cut- 
luigthelineBCinCandjoinAC.  Aen 
B  will  be  the  place  of  the  first  ship,  C 
that  of  the  second,  and  AC  the  course 
steered  by  the  second  ship,  which  will 
he  nearly  £.  S.  E.  h  E.  and  BC  the  distance  of  the  ships  17jl  miles. 

BY  LOGARITHMS.  ' 


The  coucse  from  B  to  C  is  8.  8.  E.  (opposite  to  N.  N.W.)  and  from  B  t» 
A  is  8.  W.  4  W.  (opposite  to  N.  E.  ^  E.)  the  differenee  between  these  bear- 
iim  IS  61  pomt8=s730  7's:the  angle  ABC  ;  haying  this  angle  and  the  sides 
AB,  AC,  tne  other  angles  and  sple  may  be  found  by  Cases  II.  and  III.  of 
Oblique  Trigonometry  as  follows  : 

To  flod  tte  dlituic«  of  tb0  lUpi  BO. 


Tofinitheuigtoe. 
AftfkeiMtACSOniln 
IttodnoABO  78*  r 
fio  b  iMt  AB  16  bOm 


ISOfOfi 

sMUtn 

lJ(Mifi(b«  Mua  \2af^A'  teiiu  cobtrictcd  fraoB  ltOoi«Rfe« 

. ,^ 


Aad  tbo aofle  Osstfo  VT  loifceaagte  B79»r, 

«  sum  129^4'teir        '*     -   .-        -— . 

Uie  augte  OAB  b^  i 


To  tlM  Mgles  0    49*  57' 
TorN.M  W.wM  S2    SO 


fun  BMka  N.  72  27  W.tko  bMriOf  of  A 
froB  0,  whraee  the  eoonc  of  th«  ship  from  A 
towwdi  0,  h  S.  72«  27'  E.  or  B.  S.  E.  k  E. 
nensif. 


ang.A 


Is  to  the  side  AG  20 


a88986  So  is  doe  OAB  66**  M' 


To  Um  side  BC  17.5  miles 


114M2 
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rB»Bum^  esEj^vL  m  N4Vt04aB)9»$> 


'Too  siap$  sail  from  ike  same  jmU  one  iV.  /T.  30  mi/es,  und  the^  oii/tr  N-  ijl 
ly  N.  40  miles.  Required  the  bearing  aruf  distaacfi  of  iU  skips  from  -erzei  other  / 


BT  PROJTECTTOJf. 


B^Tav  die  *-^^V^^^  NESW,  and  let  its  ccntreA 

40  miles,  join  BC,  whicn  will  be  the  bearing  and  dis-..- 
*  '   •  ■  ■         —  -      -       -         -11"  J 


le^      - 

Tne   port  sailed  fVom  ;  dra'W  the  N.  W. 
80  miles,  anjft^he  N.  E.  by  N.  line  AC= 
lent 


tance  *of  the  two  ships.    Whence  the  bearing  will* 
be  found  to  be  W.  S.  >V.  i  W.  and  £he  distance  45.1 
mjfeft  nearly. 


BY  LOGARITHMS  (by  Cases  IV.  and  V.  Obi  Trig.) 


Jletween  the  N.  W.  line  AB  and  the  N.  E.  by  N.  fi«e  A€,*diere  are  t 
points=:angle  BAG,  half  the  supplement  of  which  to  180O  is  50^  d7ii'=ha]f 
sum  of  the  angles  C  and  B. 


•    To  ind  the^uiglefl. 
AsiamOfABvnd  AC.TOk^ar.co* 8.154901^1 
Is  to  their  diaerence  10  1.00000  H 

Sx>if  tang.  ^  sum  angles  50^  37^'  .  iO. 08583 


9    584       9.24073 


60    30 
40    45 


To-fimi  the  cKstuMc  AC. 
siweaagteB  WP  aor  ar.  «o.   -QMm 
I  tcfide  AC        40  lMSf» 

So  is  sine  angle  A  78    45  9.99157 


To  the  distance  BC  45.1 


1.6539^ 


To  tan.  4  diff* 

8iini=uig)eB 
Diir.=ai^  C 

To  the  angle  C  =400  45',  add  the  comrsc.  from  C  to  k:=%S^  45',  the 
sum  is  lAP  SO',  which  is  the  bearing  of  B  from  Cj  viz.  S.  74°  80'  W.  or  W- 
».  W.  4  W.  nearly. 

PROBLEM  V. 

Two  forts  hear  from  each  other  E.  by  N.  and  W^  by  S.  distance  400  wUs  ; 
a  ship  from  the  easternmost  sails  northerly  450,7  miles,  another  from  the  fcgstem- 
most  sails  900  miles,  and  meets  the  first.  Required  the  course  ^ff^red  by  each 
ship  ? 

BY  PROJECTIOiX. 

JDK^Yf  tbe  cpxi^pass  ^SW,  and  let  the  cen- 
tre .B  represent  the  westernmost  port ;  draw 
the  E..  by  N.  Jinc  BDr=;4O0  miles,  and  D  Will 
be  the  easternmost  port ;  with  SCO  in  your 
cOmpao^es  and  one  foot  in  B,  describe  an 
arch ;  with  4^0,7  in  your  compasses,  and  one 
fbot  in  D,  describe  another  arch  cutting  the  W  ^ 
former  in  C  ;  join  DC,  BC.  Then  BC  will  '  * 
be  the  course  sailed  by  the  westernmost  ship, 
aiod.JDC  the  course,  sailed  by  the  eastern- 
most. 
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BT  LOGiOUTHMS. 


To' find  the  angk  CBD 

ByTJieo-lY.    Trig, 
pi  vide  tbe  tmnfte«60D  loto  iwo  ligliT-anpled 
irJNiigiPs  by  oiniiM  of  Ike  perpeiKticubur  CA,  aod 


bbect  BD  la  R.  th4>n 
JILm  the  baw  BD  400  wr.  ro. 
Is  to  tbe  mm  of  BC.  CD, 
So  is  dUr.  of  BC.  cy,    . 

To  twiee  A  • 

Bnlfar  A  a     . 
tBOsBas    .       . 


73M 

i5a7 


7.S9791 
&87547 
2  17P.1J 


28S.t        2.4&lfi2 


141.4 
300 


ff-lsBA 


68.6 


As  bjrpot.  DC  300 
Is  to  radius  90° 
bo  is  AB  58.6        ^ 

To  eo-sioe  CBD  78<»  41' 


ni»  in  the  triMfle  AOB. 


2.47712 

10XXWOO 

J.76790 


By  Theo.  V.  Trig. 
CD=4fia7 
BD=400 
BCrrSOO 


log.  «r.  CO. 
log.  «r.  €0. 


fla]rsfiin89('22' 

2 


ffiim 
oo^ne 


7.59794 
7.6^89 


2.7509S 
tj09S69 


19.77644 


DoQbM  is  78  44=rAiiirlo  OBfil.     Rsviag  foond 
this  Migle,  ve  nav  find  rMier  of  the  «llwn  ikm,    ^ 
To  liod  Htc  Ukg]e  COB. 

A9CD450.7ar.ro 7J46II 

Is  to  sine  CBD  78*  44'          .       .  9.S9I55 

SoisBCaOO Z47712 


Tot 


I CDB  40»  45' 


9.tl479 


As  tlie  angle  CBD  is  78^  44'  or  7  points  nearly,  and  the  course  from  B  to  D 
is  E.  by  N.  the  course  from  B  to  C  must  be  north.  The  course  from  D  to 
B  being  W.  by  S.  or  W.  11^  15'  S.  and  the  angle  BDC=40O  45'  the  bearing 
of  C  from  D  must  be  W.  £9^  SO'  N.  because  40^  45'— 11°  iy«=:a9<^  »'. 


PROBLEM  VL 

Coasting  along  shore,  J  saw  two  headiandSi  the  first  hare  from  me  N»  E.  ^ 
second  E.  N^E.-'-^fler  saUing  E.  by  S.,  10  miles,  the  first  hort  JV.  hv  J5.  and 
the  second  N,  E.  hy  N.  Required  the  bearing  of  the  two  headlands  from  each 
aUur^  and  their  dmanee  ? 

Draw  the  compass  NESW,  and  let 
its  cettiKe  A  represent  the  place  of  the 
ship  at  the  fifst  station ;  draw  tbe  E. 
by  S.  line  ABs  10  miles,  and  B  will  be . 
the  place  of  the  ship  at  the  second  sta- 
tion ;  diaw  the  N.  £•  line  AC,  and  the 
E.  N.  £.  line  AD ;  through  the  point  B 
diaw  the  Imes  BC,  BD  parallel  to  the 
N«  by  £.  and  N.  E.  by  N.  Ikies,  and 
the  points  C  and  D  where  they  mter- 
seet  tlie  lines  drawn  from  A  to  tbe 
same  headlands  will  be  the  points  re- 
prMOHtifig  tikean  respectively ;  join  the 
poiats  C  and  D ;— then  will  CD  be  the 
disUnee  of  the  two  iieadlands,  and  a  line  drawn  through  A  parallel  to  CD 
ivyi  represeot  the  bearing  of  those  places  from  each  other  on  the  compani^. 


BY  LOGAUXTHMS. 
In  llie  triangle  ABO,  \(-e  have  all  the  ang-Ies  and 
(be  Bide  AB  to  find  BC.  For  lb<^  bearings  of  B 
and  C  from  A  are  E.  by  8.  and  M.  E.  ibc  dilTfr- 
edce  being  5  polnts=BAC  :  and  tbe  hearings  of  B 
and  A  from  G,  are  8.  hy  w.  and  ».  W.  tlie  differ- 
ence being  8  points  equal  to  the  aitgle  ACB. 

To  find  tbe  side  BC. 
As  sine  of  ACB  3  pts.  or.  eob        .  0.25526 

Is  to  the  side  AB  10     .  .  1.00000. 

So  is  sine  angle  BAG  5  pis.  .        .       *J.9]  9  5 

to  BC  14.97 1175l! 


In  tbe  triamde  ABIX  we  i>a?e  all  the  m^lesapd 
tlie  side  AB  to  find  BD.  i  Or  tb<;  bfarittgs  of  U 
and  A  from  D,  are  8.  W.  t'V  8.  and  W-  8-  W-  tlie 
tilfferpnce  being  8  poimsssBD A ;  and  the  bctir- 
ings  of  B  and  D  from  A,  are  E.  by  8.  ocd  E.  N.  £.  ' 
the  dlflVrenre  being  alio  3  points,  equal  to  tlte 
angle  BAD }  thwifore  tbe  a.  le  BADasBDA. 
aiKl  (6y  art.  89  Gcom.)  BI>sAB=.10  miles.  •  U 
these  anglfs  bad  not  been  equal,  we  mlftbt  hate 
calciilaicd  tbe  iide  BD  in  the  same  manner  ns 
BC. 


Now  in  the  triangle  CBD  we  have  BD=:10,  BC==  14.97,  and  tlie  angle 
CBD=220  ao',  for  the  bearings  of  C  and  D  from  B  are  N.  by  E.  and  N.  E. 
by  N.  differing  ^  points  or  £2^  30' ;  hence  wp  may  find  the  other  angles  and 

side  CD  a.s  in  cnsf.  IV.  Ohl.  Tri;,^• 

» 
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To  fiod  the  Kiigrles  BCD,  BBC. 
;tosaiaorBG,BD24^ar.co.      .       .      8.60!258 
la  to  their  dOR  4^         ...     069686 

0otatukha.siiiii.op.ane-''>^tf        •    10.70194 

Totang.idiff.       .       .     45      1  104)0028 

8mn  is  angle  BDC=         1S3    46 
SUT.  b  angle  BCI>=r  S3    44    or    oeariy    3 

pti&nu,  and  as  the  bearii^u  of  B  fipom  C  to  6.  by  W. 
the  bearing  of  J>  from  G  must  be  S.  8.  E. 


ToiadtkadlMtBttCS^ 

Assineanff.BCOaaB44'ar.co.  . 
U  to  side  BO  10  .  .  • 
8o  b  sine  angle  i;BD  9S»  aV 

To  ttia  dltlaace  OD         9,19 


9^9^ 


PROBLEM  Vn. 

Being  96  fathoma  from  the  bottom  of  a  totter,  T 
hmwnUd  line  drawn  from  my  eye  waa  15°  lO'. 
mt  2im  ? 


its  aUUudt  atoe  the 


BX  FRUJEGTION. 

Draw  the  horizontal  line  AB=96  fiatboins,  and 

perpendicnlar  thereto,  tb«  line  BC  ;   make  the^ 

«n|^BAC=£l5o  10'  and  draw  AG  to  cut  BC  In  G,  ' 

then  wUI  BC  be  the  height  of  the  towev  SB  &- 


BY  LOOAK|TBX& 

Airadias90*       .     \. 
96  fat 


b  to  the  diat.  AB 

So  Is  lang.  angle  A  IBP  iV 

To  the  height  BC  36^ 


iSOgf 


When  an  object,  whose  eleration  a1)ove  the  hdrizon  is  to  be  determined^ 
b  at  a  very  great  distance,  it  will  be  necessary  to  notice  the  correctiDn  am* 
ing  from  the  curvature  of  the  earth  and  the  refraction,  and  apply  that  cor- 
rection to  the  height  estimated  by  the  above  method;  Thus  if  the  ancubr 
elevation  of  a  mountain  whose  .base  was  more  distant  than  the  limit  of  the 
visible  horizon,  was  observed  by  an  instrument  of  reflection ;  the  ajmroxi- 
mate  height  must  first  be  obtained,  as  in  the  preceding  example,  aod  then 
the  correction  of  that  approximate  height  for  Uie  curvature  of  the  earth,  re- 
fraction,  and  dip,  must  be  calculated  by  the  following  rule,  and  added  to  that 
heights  the  sum  will  be  the  true  height  above  the  level  of  the  sea. 

Rule.  Find  in  Table  X.  the  number  of  miles  corresponding  to  the  hei|^t' 
of  the  observer  above  the  level  of  the  sea,  and  take  the  difference  between 
that  number  and  the  distance  of  the  mountain  from  the  observer  in  statate 
miles ;  with  that  difference  enter  the  same  table  and  And  the  height  in  feet 
cc^rresponding,  which  will  be  the  correction  to  be  added  to  the  approximate 
height  to  obtain  the  true  height  of  the  mountain  above  the  level  of  the  aea., 

Example.  Suppose  the  distance  was  3£  statute  miles  (or  168960  feet) 
ahd  the  observed  altitude  1^  2',  the  observer  being  18  feet  above  the  level  of 
the  sea.   Required  the  height  of  the  mountain  above  the  same  level  f 


As  radius     .... 
Is  to  distance  16B960  log. 

So  is  elevation  l«  2*  tang. 


lOXMOOO 

5J33TJ9        Dist.  of  mountain 
8:26616         Tab.  X.  18  feet 


Approx.  height  9048 
Correction  398 


log. 


Diflerence 

Con-esponding  Corr.  TaK  X. 


tfam       3446    is  the  tnie  iicight  above  tUe  level  of  the  sea. 


Digitized  by  VjOOQlC 


PEOBLEMS  US6PUL  IN  ffAVIGATION.  19I 

PROBLEM  Vm. 

Smimg  towards  Capt-Cod^  I  dmovtred  the  light-houK  just  aj^psaring  {« 
the  horizon^  my  eye  being  elevated  £0  feet  above  the  sea  ;  it  is  requtred  to  find 
ike  ^stance  of  the  Ught-kouse^  supposing  it  to  be  elevated  200  feet  above  Hit 
smjact  of  ike  sea  7 

The  solution  of  this  problem  depends  on  the  uniform  curvature  of  the  sea, 
by  means  of  which  atl  terrestrial  objects  disappear  at  certain  distances  from 
the  obserrer.  These  distances  may  be  computed  by  means  of  Table  X.  in 
irhich  the  elevation  in  feet  is  given  in  one  column,  arxl  the  distance  at  which 
it  is  Tisible,  is  expressed  in  statute  miles  in  the  other  column.  If  the  place 
from  which  you  view  the  object  be  elevated  above  the  horizon,  you  must 
add  logielftcr  ike  distances  comaponding  to  the  height  of  the  observer  and  the 
height  of  the  object^  the  sum  will  be  the  greatest  distance  at  which  that  object 
is  visible  from  the  observer. 

In  the  present  example  the  height  of  the  observer  was  W  feet,  and  ihtr 
hei|^t  of  the  object  SUO  feet. 

In  Taiile  X.  opposite  SO  feet  is    5,82  miles- 
200  feet       18,71 


Distance  24,63  statute  miles  of  about  69^  to  a  de- 

gree, the  distance  in  nau^l  leagues,  of  20  to  a  degree,  being  about  7. 

PROBLEM  IX. 

A  Mon  being  on  the  nudn-top-gaUant-mast  of  a  man  of  mzr,  200  Jket  abof)e 
&e  vfoter^  sees  a  100  gun  ship  she  had  engaged  the  day  before,  hull  to ;  how  far 
ijotrt  t&ote  ships  distant  from  each  other  7 

A  ship  of  100  guns  or  a  first  rate  man  of  war,  is  about  60  feet  from  the 
keel  to  the  rails,  from  which  deduct  about  20,  leaves  40  for  the  height  of  her 
quarter-deck  above  water.  Now  a  ship  is  seep  hull  to  when  her  uppcv 
irmto  just  appear. 

In  Table  X.  opposite  200  feet  stand         18.71 
40  feet'  8.37 

Distance  27.08  miles. 

PROBLEM  X. 
Vpm  adng  the  flash  of  a  gim,  /  counted  90  seconds  by  a  watch  before  I 
ietad  Uienport :  How  far  was  that  gun  from  me^  supposing  that  sound  moves  at 
tktmtt^  \l4ft feet jffer  second? 

The  veloeitjr  of  hght  is  so  peat,  that  the  seeing  of  any  act  done  even  a 
number  of  miles  ^stance,  is  mstantaneous ;  but  by  observation  it  is  found 
that  aouid  moves  at  the  rate  of  1142  feet  per  second,  or  about  one  statute 
JBttfle  IB  4S  seconds  ;  consequently  the  number  of  seconds  elapsed  between 
seeing  the  fash  and  hearing  the  report,  being  divided  by  4.6  will  give  the 
^fafiincy  in  statute  miles.  In  the  present  example  the  distance  was  about  6^ 
mlkSf  because  80  divided  by  4,6  quotes  64  nearly. 

PROBLEM  XI. 
To  find  ike  difference  between  the  true  and  apparent  directions  of  the  uind. 

Suppose  that  a  ship  moves  in  the  direction  CB  from  C 
to  B,  while  the  wind  moves  in  its  true  direction  from  A  to 
Bv  tile  effect  on  the  ship  will  be  the  same  as  if  she  was  at  rest 
^nd  the  wind  blew  in  the  direction  AC  with  a  velocity  re- 
presented by  AC,  the  velocity  of  the  ship  being  represent- 
ed hrf  BC.  In  this  case  the  angle  BAC  will  represent  the 
^[fibrence  between  the  true  and  apparent  directions  of  the 
whid, ;  the  apparent  being  more  a-head  than  the  true,  and 
tbft  lasler  the  vessel  goes  the  morea-head  the  wind  will  ap- 
pear to  be.  We  must,  however,  except  the  case  where  the 
wind  is  directly  aft,  in  which  case  the  direction  is  not  altered. 

It  is  owing  to  the  difference  between  the  true  and  appa- 
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As  AB        27     miles 

log.  ar.  c^ 

log.  sine 

Is  to  BOA     7^  points 

•So  is  BC       7    miles 

log. 

VJt  PROBLEMS  USEFUL  IN  NAVIGATION- 

rent  directions  of  the  wind,  that  it  appejirs  to  shift  its  direction  by  tacking 
ship  ;  and  if  the  difference  of  the  directions  be  observed  when  on  different 
boards  (the  wind  on  both  tacks  being  supposed  to  remain  constant,  and  the 
vessel  to  have  the  same  velocity  and  to  sail  at  the  same  distance  from  the  wind) 
the  half  difference  will  be  equal  to  the  anj^le  BAG  ;  by  knowing  which,  to- 
gether with  the  velocity  of  the  ship  BC,  and  the  angle  BCA,  we  may  obtain 
the  true  velocity  of  the  wind  ;  or,  l)y  knowing  the  velocity  of  the  wind  and 
of  the  ship,  and  the  appai^nt  direction  of  the  wind,  we  may  calcalate  the 
difference  between  the  true  and  apparent  directitms  of  the  wind. 

Thus  if  the  velocity  of  a  ship  represented  by  BC  be  7  miles  per  hour, 
that  of  the  wind  represented  by  AB  27  miles  per  hour,  and  the  angle  of  the 
vessers  course  with  the  apparent  direction  of  the  wind  BCA =74  points ; 
the  difference  between  the  true  and  apparent  directions  of  the  wind  weiild 
be  obtained  by  drawing  the  line  BC=7  miles  taken  from  any  scale  of  equal 
parts  and  making  the  angle  BCA =7^  points,  then  with  an  extent  equal  to 
a7  miles,  taken  from  the  scale,  and  with  one  foot  in  B  describe  an  arch  to 
cut  the  line  AC  in  A,  join  AB ;  then  the  angle  BAC  being  measured,  will  be 
the  sought  differenccbetween  the  true  and  apparent  directions  of  the  wind. 

BY  LOGARITHMS.  ' 

9.99790 
0.84510 

To  BAC     14^^57'  log.  sine  9.41164 

So  that  in  this  case  the  difference  between  the  true  and  apparent  directions 
of  the  wind  is  about  1^  points,  and  by  tacking  3hip  and  sailing  on  the  other 
board  as  above  mentioned,  the  wind  would  appear  to  change  its  direction:^ 
aboVe  S^  points. 

IfROBLEIVI  XJL 

To  measttre  the  height  of  a  moutitain  by  mttms  of  the  heights  of  two  haromtters 
taken  at  the  top  and  oottom  of  the  fitouittom. 

Procure  two  barometers  witli  a  thermometer  attached  to  each  of  them, 
in  order  to  ascertain  the  temperature  of  the  mercury  in  the  barometers,  and 
two  other  thermometers  of  the  same  kind  to  ascertain  the  temperature  of 
the  air.  Then  one  observer  at  the  top  of  the  mountain,  and  another  at  the 
bottom,  must  observe  at  the  'same  time  the  heights  of  the  barometers  and  the 
thermometers  attached  thereto,  and  the  heights  of  the  detadied  thermo- 
meters, placed  in  the  open  air,  but  sheltered  from  the  sun.  Having  taken 
these  observations,  the  height  of  the  upper  observer  above  th«  lower  maj 
be  determined  by  the  following  rule,  which  is  adapted  to  a  scale  of  £nglift\\ 
inches  and  to  Fahrenheit's  thermometer. 

Rux£.  Take  the  difference  of  the  logarithms  of  the  observed  heighfB  o\ 
•the  barometer  at  the  two  stations,  considering  the  first  four  figures,  exclusive 
of  the  index,  as  whole  ^lumbers,  tlve  remainder  as  decimals  ;  to  this  diflor- 
ence  must  be  applied  the  product  of  the  decimal  0,454,  by  the  differeiice  ot 
the  altitudes  of  tlie  two  attached  tliermometers,  by  subtracting  if  the  ther- 
mometer was  highest  at  the  lowest  station,  otherwise  adding  ;  the  sum  or 
difference  will  be  the  approximate  heigiit  in  English  fathoms.  Multiply  tUi> 
by  the  decimal  0,00244,  and  by  the  difference  between  the  mean  of  the  Itvn 
altitudes  of  the  detached  thermometers  and  3£^,  the  product  will  be  a  ror- 
rection  to  be  added  to  the  approximate  height  w^hen  the  mean  altitude  o\ 
the  two  detached  thermometers  exceeds  320,  otherwise  subtracted  ;  the,  sum 
or  difference  will  be  the  true  height  of  the  upper  above  the  lower  obs;cl"^*'  • 
in  English  fathoms,  which  multiplied  by  6  will  be  the  height  in  fact. 

EXAMJPLE. 

Suppose  the  following  observations  were  taken  at  the  top  and  botloni  of  ^ 
mountam.   Required  its  height  in  fathonli^  ? 
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195 


Attached  thenn.  Detached  therm* 
Obs.  at  lower  station  57^  ^o 

Upper  station  43  42 


Barometer. 

29,68  inch.    log.  14724,6 
25,28  log.  14027,8 


Bifierence 


14 


Mean  49 

82 

Difference 
Q,454X14 

Approx.  height 
690,4X17X0,00244 

Height  in  fath. 

606,8 
6,4 

Diff.    17 

690,4 
28,6 

719,0 

MENSURATION. 

PKOBLEM  I. 

T\fjmd  the  area  of  a  ParalUlogram. 
RULE. 

MULTIPLY  the  base  by  the  perpendicular  height,  the  product  will  be 
the  area* 

NoTK.  If  both  dimensions  are  given  in  feet,  inches,  kc.  the  product  will 
be  the  area  eiypressed  In  square  feet,  square  inches,  &lc.  respectively ;  if  one 
of  tile  dimensions  be  given  in  feet  and  the  other  in  inches,  the  product  di- 
vided by  12  will  be  the  answer  in  square  feet ;  if  both  dimensions  are  given 
in  inches,  the  product  will  be  square  inches,  which  divided  by  144  will  he  the 
answer  in  square  feet.  The  same  is  to  be  understood  in  finding  the  area  of 
other  surfaces. 

Example  I.    Suppose  the  base  DB  of  the  rectin-  J^ 
g^lar  parallelogram  ACBD  is  7  feet,  and  the  perpen-      p 
dicularBC  d  feet;  required  the  area?    The  product     I 
of  the  base  7  feet  by  the  perpendicular  3  feet  gives     | 
the  area  21  square  feet. 


Example  II.  Suppose  ACBD  is  a  board  whose  -mJ 
length  DBIs  22  feet  and  breadth  BC  is  14  inches;  required  the  number  of 
square  feet?  The  product  of  the  base  22  feet  by  the  breadth  14  inches  is  908, 
tius  divided  by  12  gives  25  square  feet,  the  sought  area. 

Example  III.  If  DB  be  25  inches  and  BG  20  inches ;  required  the  area 
in  square  feet  ?  The  product  of  the  base  25  inches  by  the  perpendicular  20 
Indies  gives  500,  which  divided  by  144  gives  the  area  3,47  or  3  ^  square 
feet. 

Example  IV.  Given  the  base  AD  of  the 
oMme  angular  parattelogram  ABCD,  equal 
to  SO  feet,  and  the  perpendicular  height  BE 
15  feet;  required  the  area  of  the  parallelo- 
^^ram  ?  Multiply  the  base  30  feet  by  the  per- 
pendicular 15  feet;  the  product  450  is  the  ^Z^ 

arc;^.  in  square  feet.  £ 

PROBLEM  II. 

To  find  the  arta  of  a  7}rkmgU* 

Rcx^e.    Multiply  the  base  by  half  the  perpendicular  height,  and  the  pro^ 

U^t  ivin  hfL  the  hrMfc  vmimrMl. 

Cc 
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duet  win  be  the  area  required. 


IH  MENSURATION*. 

ExAMPLiK.  Given  the  base  AC  30 
feet,  and  the  perpendicular  DB  20  feet, 
required  the  area  of  the  triangle  ?  The 
base  30  multiplied  by  half  the  pefpendi- 
cuTar  10  gives  the  area  300  square  feet. 


PROBLEM  III. 
To  find  the  area  of  any  irregular  right-lined  figure. 

Rule.  Reduce  the  figure  to  triangles  by  drawing  diagonals  therein ;  then 
find  the  area  of  each  triangle,  and  the  sum  of  them  will  be  the  area  of  the 
proposed  figure.     Or,  instead  of  "^ 

Unding  the  area  of  each  triangle 
separately,  you  may  find  at  one 
operation  the  area  of  two  trian- 
gles having  the  same  diagonal  by 
multiplying  the  diagonal  by  half 
the  sum  of  the  perpendiculars  let 
fall  thereon. 

Example.     Required  the  area 
of  the  figure  ABODE,  in  which 

£C=rdd  feet,  EB=:£2  feet,  and  E  — 

the  perpendicular  AF=:13  feet,  BG=14  feet,  and  DH=:12  feet?  The  dia- 
gonal EB,  22  feet,  multiplied  by  half  the  perpendicular  AF,  6.5  feet,  gives 
the  area  of  the  triangle  AEB,  143  square  feet;  and  the  diagonal  EC,  33  feet, 
multiplied  by  half  the  sum  of  the  perpendiculars  BG  DH,  13  feet,  gives  the 
area  of  the  figure  BCDE,  429  feel ;  this  added  to  the  triangle  AEB  148  feet,' 
gives  the  whole  area  572  square  feet. 

PROBLEM  IV. 

To  find  the  area  of  a  circle. 

Rule.  Multiply  the  square  of  the  diameter  of  the  circle  by  the  quantity 
0.7854,  and  you  will  have  the  sought  area. 

Note.     Instead  of  multiplying  hy  0.7854  rj 

you  may  multiply  by  11  and  divide  by  14,  the  ^.----^^ 

cjuotient  will  be  the  area  nearly.     This  quan- 
tity .7854  represents  the  area  of  a  circle  whose 
diameter  is  1.    The  circumference  of  the  same 
circle  being  3.1416  nearly.     The  proportion  of  -p. 
the  diameter  to  the  circumference  is  express-  -^  \ 
ed  in  whole  numbers  by  the  ratio  of  7  to  22 
nearly;  or  more  exactly  by  113  to  S55.» 
EXAMPLE. 

Required  the  area  of  a  circle  ABCD,  whose  

diameter  BD  is  10.6  feet  ?  A 

The  diameter  10.6  multiplied  by  itself  and  by  .7854  rives  the  sought  area 
88.247544  square  feet.  J  b  o 

PROBLEM  V. 

To  find  the  area  of  an  Ellipsis  or  Oval. 
Rule.    Multiply  the  longest  diameter  by  tiie  least,  and  the  product  by 

-  -  *         ____^^_^^____ 

M  Jj  ^^^.h!?^!!*^  mnembrivd  ^  obMirlng  that  if  the  am  three  odd  nomhen  1, 3,  ^  Me  re- 
^^^f'^i^^^^S^SSO't.lL'^^'?,^'!'^  "*  *«""*  of  whlch.,»a.  the  ^ 
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.7854,  this  last  product  will  be  the 
area  required. 

Exampue.  Required  the  area  of 
an  Ellipsis  or  Qval  ABCD,  whose 
longest  diameter  AC  is  12  feet,  and 
the  shortest  diameter  BD  10  feet  1 

The  product  of  the  two  diameters 
is  12X10=1^0,  this  multiplied  by 
.7854  gives  the  sought  area  94.2480 
squjtre  feet. 

The  area  of  k  sector  of  a  circle 
may  be  found  by  means  of  the  whole  .  ^     . 

area  of  the  circle  obtabcd  in  Problem  IV.  by  saying,  as  360  degrees  is  to  the 
angle  contained  between  the  two  legs  of  the  sector,  so  is  the  whole  area  of 
the  circle  to  the  area  of  the  sector. 

There  are  various  regular  solids,  the  most  noted  are  the  followmg.--(l}  A 
Onfte,  which  is  a  figure  bounded  by  six  ^qual  squares.  (2)  A  Pwrallelepip^ 
which  is  a  solid  terminated  by  six  quadrilateral  figures,  of  which  the  opposite 
ones  are  equal  and  parallel.  (3)  A  Cylinder,  which  is  a  figure  fornocd  by  the 
revolution  of  a  rectafngular  parallelogram  about  one  of  its  sides.  (4)  A  ry- 
Ttanid,  which  is  a  solid  decreasing  gradually  from  the  base  till  it  comes  to  a 
point.  There  are  various  kinds  of  Pyramids  according  to  the  figure  of 
their  bases  :  thus  if  the  base  be  a  triangle,  the  solid  is  called  a  trumgular  pif- 
ramid;  if  a  parallelogram,  a  paralklogTamic  pyramid  ;  and  if  a  circle,  a  cir- 
cular pyramid,  or  simply  a  Cone.  The  point  in  which  the  pyramid  ends,  is 
called  the  Vertex,  and  a  line  drawn  from  the  vertex  perpendicular  to  the  base 
is  called  the  height  of  the  pyramid. 

PROBLEM  VI. 
To  find  the  solidity  of  a  Cube. 

*RuLE-  Multiply  the  length  of  a  side  of  the 
Cube  by  that  length,  and  that  product  by  the  jj 
same  length,  and  you  will  have  the  solidity  re- 
quired ;  which  will  be  expressed  in  cubic  feet  if 
the  dimensions  were  given  in  feet ;  but  in  cubic 
inches  if  the  dimensions  were  given  in  inches, 

Example.  If  the  side  AB  of  the  cube  of  6.3 
feet  \t  is  required  to  determine  the  solidity  ? 

The  product  of  6.3  by  6.3  is  39.69,  this  mul- 
tiplied again  by  6.3  gives  the  solidity  250.047 
cubic  feet. 

PROBLEM  VII. 
To  find  the  solidity  of  a  lUctanguUxr  Parallelepiped. 

Rule.     Multiply  the  length,  breadth  and  depth,  into  each  other 
product  will  be  the  solidity  required. 

Example.  Suppose  in  the 
parallelepiped  ABCDFGHE,the 
Jeogth  EF  is  36  feet,  the  breadth 
OF  16  feet,  and  the  depth  FD  A 
12  feet ;  it  is  required  to  find  the 
solidity  ? 

Tbe  product  of  the  length  36 
by  the  breadth  16  is  576^  this 
multiplied  by  the  depth  IS  gives 
the  solidity  6912  cubic  feet. 

PROBLEM  VIII. 

To  find  the  solidity  of  a  Cylinder. 
Rtjue.    Multiply  the  square  of  the  diameter  of  the  base  by  the  length 
and  this  product  by  the  constant  quantity  .7854 ;  this  last  product  will  »e 
the  solidity  required.  uyuzt^uuy  ^^^^^i^ 
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Example.  Requin^  the  solidity  of 
^  cylinder  ADHF,  whose  length,  HD 
is  19  feet,  and  diameter  of  the  hase  AD 
is  11  feet? 

The  diameter  11  multiplied  by  itself 
an4by  the  length  13  ^ves  1573,  which 
multiplied  by  0.7854  gives  the  solidity  in 
cubic  feet  1235.4342. 

PROBLEM  IX. 
To  Jiryl  tht  solidity  of  a  Grindstone. 

Grindstones  in  the  form  of  cylinders  are  sold  by  the  sUms  of  f4  inches 
diameter  and  4  inches  thick ;  the  number  of  stones  that  any  one  contains 
may  be  obtained  by  the  following  rule. 

Rule.  Multiply  the  square  of  the  diameter  in  inches  by  the  thickiieflsin 
inches,  and  divide  the  product  by  2304,  and  you  will  havo  the  number  of 
stones  required.  - 

Example.  Required  the  number  of  sUmts  in  a  grindstone  whose  diame- 
ter 13  30  inches  and  thickness  8  inches  ? 

The  square  of  the  diameter  36  is  1S96,  which  multiplied  by  the  thtdtness 
8  gives  10368.  This  divided  by  2304  gives  4.5  or  4|  stones,  the  solidity 
required. 

This  Problem  may  be  solved  by  means  of  the  line  of  numbers  on  Gun- 
ter's  Scale,  ih  a  very  expeditious  manner,  by  the  following  nde. 

Rule.  Extend  from  48  to  the  diameter,  that  extent  turned  overtwioe  the 
s^me  way,  from  the  thickness,  will  reach  to  the  number  of  stones  required. 

Thus  in  the  preceding  example,  the  extent  from  48  Q 

to  the  diameter  36,  turned  over  twice,  from  the  thick- 
ness 8,  will  reach  to  4.5,  or  4i,  which  is  the  number 
of  stones  sought. 

PROBLEM  X. 

To  find  tht  solidity  of  any  Pyramid  or  Cone. 

Rule.  Multiply  the  area  of  the  base  by  one  third 
of  the  perpendicular  height  of  the  Pyranud  or  Cone, 
the  product  will  be  the  solidity  required. 

Example  I.  If  the  Pyramid  has  a  square  base, 
the  side  of  which  is  4  feet,  and  the  perpendicular 
height  6  feet  ;  it  is  required  to  determine  the  so- 
lidi^? 

The  area  of  the  base  is  4  X  4ssl6  square  feet,  this 
multiplied  by  one  third  of  the  height  or  2  feet  gives 
32  feet  the  solidity  required.  ]Q 

Example  II.  If  the' diameter  of  the  base  of  a  cone 
be  10,6  feet,  and  the  perpendicular  height  30  feet;  it 
is  required  to  find  the  solidit}'  ? 

The  area  of  this  base  was  found  in  Problem  IV.  equal 
to.  88,247544 ;  this  multiplied  by  one  third  of  the  height 
or  10  feet,  gives  the  solidity  required  equal  to  882,47644 
cubic  feet. 

Having  obtained,  by  the  foregoing  rules,  the  number 
of  cubic  feet  in  any  body,  you  may  find  the  corres- 

Sonding  number  of  tons  by  dividing  the  number  of  cu- 
ic  feet  by  40,  which  is  the  number  of  cubic  feet  con- 
tained in  one  ton.     Thus  the  solidity  of  the  above- 
mentioned  cone  882,47544,  being  divided  by  40«  quotes 
$$,061686,  which  is  the  number  of  tons  in  that  cone. 
PROBLEM  XI* 
To  find  the  tannage  nf  a  s^p. 
By  a  law  of  the  congress  of  the  United  States  of  America^  the  tomiage 
dT  a  ship  is  to  be  fouad  In  the  following  manmn*.  ^  . 

uiyiuzeu  uy  xJvJvJSi  Iv^ 
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If  the  vessel  be  double-decked,  take  the  length  thereof  from  the  fore  part 
of  the  main  stem  to  the  after  part  of  the  stern-post  above  the  upper  deck  ; 
the  breadth  thereof  at  the  broadest  part  above  the  main  "ivales,  half  of  which 
breadth  shall  be  accounted  the  deptn  of  such  vessel ;  then  deduct  from  the 
lencth  three-fifths  of  the  breadth,  multiply  the  remainder  by  the  breadth, 
and  the  product  by  the  depth ;  divide  tnis  last  product  by  ninety-five,  and 
the  quotient  will  be  the  true  content  or  tonnage  of  such  vessel. 

If  the  vefisel  be  single-decked,  take  the  lencth  and  breadth  as  above  direct- 
ed, in  respect  to  a  double-decked  vessel,  ana  deduct  from  tlie  length  tiiree- 
fifths  of  the  breadth,  and  taking  the  depth  from  the  under  side  of  the  deck 
plank  to  the  ceiling  of  the  hold  ;  multiply  and  divide  as  aforesaid,  the  quo- 
tient will  be  the'true  content  or  tonnage  of  such  vessel. 

£xAHPi.e.  Suppose  the  length  of  a  double-decked  vessel  is  80  feet,  and 
the  breadth  £4  feet,  what  is  her  tonnage  ?  Three-filths  of  the  breadth  S4 
feet,  is  14.4  feet,  which,  subtracted  from  the  length  80  feet,  leaves  65.6. 
This  multiplied  by  the  breadth  24  feet  gives  1574.4,  this  multiplied  by  tlie 
depth  IS  feet  (half  of  24)  gives  188923i  which  divided  by  95  quotes  the 
tonnage  198.8. 

Carpenters,  in  finding  the  tonnage,  multiply  the  length  of  the  keel  by  the 
breadm  of  the  miun  beam  and  the  depth  of  the  hold  in  feet,  and  divide  the 
product  by  95 ;  the  f]^uotient  is  the  number  of  tons.  In  double«decked  ves- 
sels half  the  breadth  is  taken  for  the  depth. 


GAUGING. 

HAVING  found  the  number  of  cubic  inches  in  any  body  by  the  preceding 
rules,  you  may  thence  deternoine  the  content  in  gallons,  bushels,  &^c.  by 
dividing  that  number  of  cubic  inches  by  the  number  of  cubic  inches  in  a 
gallon,  bushel,  be.  respectively. 

A  wint  gallon,  by  which  most  liquors  are  measured,  contains  231  cubic 
inches.  A  beer  gaUon^  by  which  beer,  ale,  and  a  few  other  Kquors  are  mea- 
sured, contains  282  cubic  inches.  A  hu8htl  of  com,  malt,  &&c.  contains  21 50.4 
cubic  inches  :  this  measure  is  subdivided  into  8  gallons,  each  of  which  con- 
tains 268.8  cubic  inches. 

In  all  the  following  ruks,  it  will  be  auppoaed  that  the  dimetmons  of  the  hodjf 
are  given  in  inches^  and  decimal  parts  of  an  inch. 

PROBLEM  I. 

To  find  (he  number  of  gallons  or  bushels  in  a  body  of  a  cubic  form. 

Rvix.  Divide  the  cube  of  the  sides  by  231,  the  quotient  will  be  the  an- 
swer in  wine  gallons  ;  or  by  282  and  the  quotient  will  be  the  answer  in  beer 
gallons;  or  by  2150.4,  and  the  quotient  will  be  the  number  of  bushels. 

Example.  Required  the  number  of  wbe  nillons  contained  in  a  cubic 
cistern,  the  length  of  whose  side  is  62  inches  ?  Multiplying  62  by  itself  and 
the  product  again  by  62,  gives  the  solidity  258328  ;  which  divided  by  231 
gives  the  content  1031|  wine  gallons. 

PROBLEM  IL 

To  find  the  number  of  faUons  or  bushels  contained  in  a  body  of  the  form  of  a 
rectangular  Parallttep^ped'  See  the  figure  of  Problem  VII.  of  Mensuration. 

Rule.  Multiply  the  length,  breadth,  and  depth  together ;  divide  this  last 
product  by  231,  for  wine  ^lons  ;  by  282  for  beer  gallons  ;  and  by  2150.4 
for  bushels. 

Example.  Required  the  nuiqber  of  wine  gallons  contained  in  a  cistern 
ABCDFGHE  (see  fig.  Pirob.  VII.  of  Mensuration)  of  the  form  of  a  paral- 
lelepiped, whose  lengm  £F  i^  66  inches,  its  breadth  GF  35  inches,  and  its 
depth  FD  24  inches.  Multiplyidc  the  length  66  by  the  breadth  35  dves 
St310,  this  multiplied  by  the  depth  24,  gives  the  solidity  55440  ;  which  dr- 
vided  by  231  quotes  240  wine  gallon*.  '  ^,y, ,,,,  .^  ^^^^^^ 
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PROBLEM  III. 

To  Jind  the  numher  of  gallons  or  husheU  contained  in  a  lody  of  a  cyHndrical 

form. 

Rule.  Multiply  the  square  of  the  diameter  by  the  height  of  the  cylinder, 
and  divide  the  product  by  294.12,  the  quotient  will  be  the  number  of  wine 
fcallons  ;  if  you  divide  by  359.05  the  quotient  will  be  the  number  of  ale  gal- 
lons ;  and  if  you  divide  by  S738,  the  quotient  will  be  the  number  of  bushels. 

Note.  These  divisors  are  found  by  dividing  231,  282,  and  2150.4  by 
.7854. 

Example.  Required  the  number  of  wine  gallons  contained  in  the  cylin- 
der AFHD  (See  the  fig.  of  Prob.  VIII.  of  Mensuration)  the  diameter  AD  of 
its  base  being  26  inches,  and  length  HD  18  inches  ?  The  diameter  26  mul- 
tiplied by  itself  gives  676,  this  multiplied  by  the  length  18,  gives  the  solidity 
12168,  which  divided  by  294.12,  gives  the  answer  41  wine  gallons. 

PROBLEM  IV. 

To  find  the  number  of  gallons  or  bushels  containtd  in  a  body  of  the  form  of  a 
pframid  or  cone.     (See  figures  of  Problem  X.  of  Mensuration.) 

Rule.  Multiply  the  area  of  the  base  of  tlie  pyramid  or  cone  by  one- 
third  of  its  perpendicular  height ;  the  product  divided  by  231  will  give  the 
answer  in  wine  gallons  ;  if  divided  by  282,  the  quotient  will  be  the  number 
of  beer  gallons  ;  and  if  divided  by  2150.4,  the  quotient  will  be  the  number 
of  bushels. 

Example.  Required  the  number  of  beer  gallons  contained  in  a  pyramid 
DEFGK  (See-I^g.  Prob.  X.  Example  I.)  whose  base  is  a  square  EFGK,  a 
bide  of  which,  as  EF,  is  equal  to  30  inches,  and  the  perpendicular  height  of 
the  pyramid  is  60  inches  ?  The  square  of  30  is  the  area  of  the  base  900, 
this  multiplied  by  one-third  of  the  altitude  20,  gives  the  solidity  18000, 
which  divided  by  282,  gives  the  answer  in  beer  gallons  63.8. 

PROBLEM  V. 

To  find  the  numher  of  gallons  or  bushels  contained  in  a  body  of  the  form  of  a 
frustrum  of  a  cone.  (See  the  figure  below.) 
Rule.  Multiply  the  top  and  bottom  diameters  together,  and  to  the  pro- 
duct add  one- third  of  the  square  of  the  difference  of  the  same  diameters ; 
multiply  this  sum  by  the  perpendicular  height,  and  divide  the  product  by 
294.12  for  wine  gallons,  by  359.05  for  ale  gallons,  and  by  ^738  for  bushels. 

Example.  Given  the  diameter  DC  of  the  ^  ^ 
bottom  of  a  frustrum  of  a  cone  36  inches,  the 
top  diameter  AB=27  inches,  and  the  perpen- 
dicular height,  FE  50  inches.  Required  the 
content  in  wine  gallons  ?  The  product  of  the 
two  diameters  36  and  27  is  972  ;  their  differ- 
ence is  9,  which  squared  and  divided  by  3 
^ves  27  ;  this  added  to  972  gives  999,  which 
multiplied  by  the  height  50  gives  the  solidity 
.49950  ;  this  divided  by  294.12  quotes  the  content  in  wine  gallons  169. 

PROBLEM  VI. 

To  gauge  a  cask. 

To  gauge  a  cask,  you  must  measure  the  bead  di- 

^  ameters  FA,  DC,  and  take  the  mean  of  them  whe;n 
they  differ ;  measure  also  the  diameter  EB  at  the 
bung,  (taking  the  measure  within  the  cask)  ;  then 
measure  the  length  of  the  cask,  making  due  allow- 
ance f^rthe  thickness  of  the  heads.    Having  these 

.  dimMions,  you  may  calculate  the  content  in  gallons 
or  bushels,  by  the  following  rule. 


Digitized  by  VjOOQIC 


GAUGING.  19» 

Rttuc.  "Pake  the  difference  between  the  hiead  and  bung  diameters,  multi- 
ply this  by  .62  and  add  the  product  to  the  head  diameter,  the  sum  will  be 
the  mean  diameter ;  multiply  the  square  of  this  by  the  length  of  the  cask, 
and  divide  the  product  by  ^94. 12  for  wine  gallons,  by  359.05  for  beer  gallonsi, 
and  by  2738  for  bu^helfl. 

The  quantity  .62  is  generally  used  by  gangers  in  finding  the  mean  diame- 
ter of  a  cask  ;  but  if  the  staves  are  nearly  straight  it  would  He  more  accurate 
to  take  55  or  less  ;*  if,  on  the  contrary,  the  cask  is  full  on  the  quarter,  it 
would  be  best  to  take  .64  or  .65. 

Example.  Given  the  bung  diameter  EB=:94.5  inches,  the  head  dianicter 
FA=DC=30.7  inches,  and  the  length  59.3  inches;  required  the  number  of 
wine  gallons  this  cask  will  hold*?  The  difference  of  the  two  diameters  34.5, 
and  30.7,  is  3.8  ;  this  multiplied  by  .62  eives  2.4  nearly,  to  be  added  to  the 
head  diameter  30.7  to.  obtain  the  mean  diameter  33.1.  The  square  of  33.1 
is  1095.61,  this  multiplied  by  the  length  59.3  gives  the  solidity  64969.673, 
which,  divided  by  294.12,  quotes  the  content  in  wine  gallons  220.8.  ^ ' 

To  gauge  a  cask  by  means  of  the  line  of  nutnbers  on  Guntefs  Scale,  or  on 
the  calipers  used  by  gaugers. 

Make  marks  on  the  scale  at  the  points  17.15,  18.95,  and  52.33,  which 
numbers  are  the  souare  roots. of  294.12,  359.05,  and  2738,  respectively.  A 
brass  pin  is  generally  ftj^ed  oo  the  calipers  at  each  of  these  points,  which  arc 
called  the  gauge  pomts.  Having  prepared  the  scale  in  this  manner,  you  may 
calculate  the  number  of  gallons  or  bushels  by  the  following 

Rule.  Extend  from  1  towards  the  left  hand  to  .62,  (or  less  if  the  staves 
•  be  nearly  straight)  that  extent  will  reach  from  the  difference  between  the 
head  and  bqng  diameters,  to  a  number  to  the  left  band,  which  added  to  tlie 
head  diameter  will  give  the  mean  diameter ;  then  put  one  foot  of  the  com- 
passes upon  the  gauge  point — which  is  17.15  for  wine  gallons,  18.95  for  ale 
gallons,  and  52.33  for  bushels — and  extend  the  other  to  the  mean  diameter ; 
this  extent  turned  over  twice  the  same  way,  from  the  length  of  the  cask,  vill 
give  the  number  of  gallons  or  bushels  ^respectively. 

In  the  preceding  example  the  extent  from  1  to  .62  will  reach  from  3.8  Ito 
2.4  nearly,  which  added  to  30.7  gives  the  mean  diameter  33.1. 

Then  the  extent  from  the  gauge  point  17.15  to  33.1,  turned  over  twice 
from  the  length  59.3,  will  reach  to  220.8  wine  gallons. 

If  you  had  used  the  gauge  point  18.95,  the  answer  would  have  been  in  ale 
gallons ;  and  if  you  had  used  52.33^  tlie  answer  would  have  been  in  bushel^. 


SURVEYING. 

LAND  is  generally  measured  by  a  chain  of  66  feet  in  length,  divided  into 
100  equal  parts  called  links,  each  link  being  7.92  inches. 

A  pole  or  rod  is  16^  feet,  or  25  links,  in  length;  hence  a  square  pole  con- 
tains 2721  square  feet,  or  625  square  links. 

An  acre  of  land  is  equal  to  160  square  poles,  and  therefore  contains  435^0 
square  feet,  or  100,000  square  links. 

To  find  the  number  of  souare  poles  in  any  piece  of  land,  you  may  take  the 
dimensions  of  it  in  feet,  ana  find  the  area  in  square  feet,  as  in  the  preceding 
Problems ;  divide  this  area  by  43560,  the  quotient  will  be  the  number  of  acres: 
or  by  272.25,  and  the  quotient  will  be  the  number  of  square  poles.  If  th« 
dimensions  be  taken  in  links,  and  the  area  be  found  in  square  links,  you  may 
obtain  the  number  of  acrea  by  dividing  by  100000  (that  is,  by  crossing  off 

="" ■ ' ■    *^.A ' 


*  To  Ihe  example  to  Problem  V.  preceding  (wUch  mj  be  esteemed  of  the  half  of  a  Miftrad  with 
Ptavcs  oerfectly  straight)  the  mnlUpner  Is  only  4J.  For  this  multiplied  ^  8,  <Im  dUftrcnce  between 
AB  nod  DCf  prodiaoet  iJB  or  4.6  nearly,  which,  added  lo  97,  aod  the  fum  itS  squared,  mQltfplM  by  60 
and  dirided  by  994.12  quotes  1 69  {dlonli  nearly. 
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the  Ave  right  hand  figures ;)  and  the  number  of  square  poles  may  be  obtain- 
ed by  dividing  by  625. 

PROBLEM  I. 

To  Jind  the  number  of  acres  and  poles  in  a  piece  of  land  in  the  form  of  a  rect* 
angular  paraUeto^am. 

Rule.  Multiply  the  base  by  the  perpendicular  height,  and  divide  by  625, 
if  the  dimensions  were  taken  in  links,  but  by  272.25,  if  they  were  taken  in 
feet ;  the  quotient  will  be  the  number  of  ^oles,  which,  divided  by  160,  will 
give  the  number  of  acres. 

Example  I.  Suppose  the  base  DB  (see  the  figure  of  Ex.  I.  Prob.  I.  of 
Mensuration)  of  the  rectangular  parallelogram  ACBD  is  60  feet,  and  the  per- 
pendicular BC  25  feet ;  required  the  area  in  poles  ? 

The  product  of  the  base  60  by  the  perpendicular  25  gives  the  content 
1500  square  feet,  and  by  dividuig  by  272,25,  we  obtain  the  answer  in  square 
poles  5.5. 

PROBLEM  II. 

To  find  the  numler  of  acres  and  poles  in  a  piece  of  land  in  th£  form  of  an  ob^ 

lique-angular  parcUlelogram,    (See  the  figure  of  Prob.  I.  Ex.  IV.  of  Menr 

suration.) 

Rule.  This  area  may  be  found  in  exactly  the  same  manner  as  in  the 
preceding  Problem,  by  multiplying  the  base  AD  by  the  berpendicular  height 
BE,  and  dividing  by  625,  when  the  dimensions  are  teuten  in  links,  but  by 
272.25  when  taken  in  feet ;  the  quotient  will  be  the  answer  in  poles,  which 
divided  by  160  will  give  the  answer  in  acres. 

Example.  Suppose  the  base  AD  is  632  links,  and  the  perpen^cular  9£^ 
326  links ;  required  the  number  of  poles? 

Multiply  the  base  632  links  by  the  perpendicular  326  links,  the  product 
206032  divided  by  625,  gives  the  answer  in  poles  329. 

PROBLEM  III. 

^  find  the  number  of  acres  and  peks  in  apiece  of  kmd  of  a  triangular  form. 

Rule.  Multiply  the  base  by  the  perpendicular  height,  and  divide  the 
product  by  1250  when  the  dimensions  are  eiven  in  links, but  by  54^5  when 
they  are  given  in  feet ;  the  quotient  will  be  tne  answer  in  poles. 

Note.  Instead  of  dividing  by  1250,  you  may  multiply  by  8,  and  cross  off 
the  four  right  hand  figures. 

Example.  Given  the  base  AC  (see  fig.  of  Prob.  II.  of  Mensuration)  equal 
to  300  feet,  and  the  perpendicular  BD  150  feet ;  required  the  area  in  poks  ? 

Multiply  the  base  300  by  the  perpendicular  150,  the  product  45000,  divided 
by  544.5,  quotes  the  answer  in  poles  82.6. 

PROBLEM  IV. 

To  find  the  number  of  acres  and  poles  in  a  piece  of  land  of  anjf  irregular 

rigkt'Hned  figurt. 

Rule.  Find  4he  area  as  in  Problem  III.  of  Mensuration,  by  drawing  di- 
agonals, and  reducing  the  figure  to  triangles :  the  base  of  each  triaiq;le  ming 
multiplied  by  the  perpendicular,  (or  bythe  sum  of  the  perpendiculars  ftilling 
on  it)  and  the  sum  of  all  these  products  divided  by  1250  when  the  dimen- 
sions are  given  in  links,  but  by  544.5  when  in  feet,  will  give  th^  area  of  the 
figure  in  peles. 

Example.  Suppose  that  the  piece  of  land  is  of  the  same  form  as  the  figure 
,  in  Prob.  III.  of  Mensuration,  and  that  EBsp22  feet,  ECa33  feet,  AFslS 
feet,  B6ael4  feet,  and  DH=:12  feet:  it  is  required  to  find  the  area  in  poles? 
r  The  product  of  EB  22  feet,  by  AF  13  feet,  gives  double  the  triangle  EAB 
286  square  feet ;  and  the  diagonal  EC  33  feet,  multiplied  by  the  sum  of  the 
^^.^^endiculars  B6,  DH,  26  feet,  gives  double  the  figure  BCDE,  858  square 
feet ;  the  sum  of  this  and  286,  divided  by  544.5  gives  the  area  2,1  or  ft^  pofes^ 
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Tofatd  the  conierU  of  a  Jidd  hy  Uie  Table  of  difftrence  of  Latitude  and  De- 

partuTe. 

This  method  is  simple  and  much  more  accurate  than  by  projection,  the 
boundaries  being  straight  lines,  whose  bearings  and  iengtlis  are  known.  The 
rule  for  making  these  calculations  is  as  follows. 

RULE. 

1.  Begin  at  the  western  point  of  the  field,  as  at  the  point  A  in  the  figtiVe- 
Prob*  ill.  of  Mensuration,  for  a  point  of  departure ;  and  mark  down  in  sucr 
cession  the  bearings  and  lengths  of  the  boundary  lines  AB,  B€,  be.  as  cours<<)i 
and  distances  in  a  traverse  table.  Find  the  corresponding  differrences  ot 
latitude  and  departure  by  Table  I.  or  II.  (or  by  logarithms)  and  enter  thejna 
in  their  respective  columns  N.  S.  E.  W.  as  in  the  adjoined  Table. 

ft.  Find  the  departures  or  meridian  distance^  of  the  points  B,  C,  kQ; 
from  the  point  A,  by  adding  the  departures  when  east,  but  subtracting  when 
west,  and  mark  them  respectively  against  the  bearings,  in  the  column  of 
meri^tian  distance. 

9.  Place  in  the  first 
line  of  the  column  M  the 
first  meridian  distance  16.1, 
and  in  the  following  lines, 
the  sum  of  the  meridian 
^stance  which  stands  on 
the  same  line  and  that  im- 
mediately above  it  Thus 
on  the  second  line  I  put 

5£.l  which  is  equal  to  the  .     . 

sum  of  16.1  and  36.0.    On  the  third  line  66.2=36.0+30.2,  &,c. 

4.  Multiply  the  numbers  in  the  column  M  by  the  differences  of  latitude 
in  the  same  horizontal  line,  and  place  the  product  in  the  column  of  are^ 
marked  north  or  south,  according  as  the  difference  of  latitude  is  north  or 
south.  Thus  in  the  first  number  in  the  column  M  is  16.1  which  multiplied  by 
the  corresponding  difference  latitude  10.1  N.  produces  the  north  area  162.61. 
The  second  value  of  M,  52.1,  multiplied  by  the  second  difference  of  latitude 
2.1  S.  produces  the  south  area  109.41.  The  third  values  66.2  and  19.1  B. 
ptoduces  the  south  area  1364.42.  The  fourth  difference  of  latitude  is  0, 
which  multiplied  by  the  fourth  meridian  distance  40.4  produces  0  for  the 
corresponding  area,  which  is  the  case  whenever  the  bearing  is  east  or  west,  &o. 

5.  Add  up  all  the  north  and  all  the  south  areas ;  half  their  difference  will 
be  the  area  of  the  field  in  square  measures  of  the  same  name  as  those  made 
use  of  in  measuring  the  lines,  whether  feet,  links,  or  chains,  kc.  Thus  the 
sum  of  all  the  north  areas  is  275.83,  the  south  1373.83  ;  their  difference  is 
1098,  half  of  which  is  549  square  feet  the  area  of  the  given  field. 

It  may  be  observed  that  the  bearings  and  lengths  of  the  boundary  lines  ifi 
this  example  are  not  exactly  the  same  as  those  in  Problem  III.  of  Mensura^- 
tioB,  wluch  is  the  reason  of  the  difference  in  the  area  above  calculated  and 
that  found  in  Problem  III.  by  dividing  the  field  into  tinangles. 

If  it  had  been  thought  necessary,  the  differences  of  latitude  and  departure 
might  have  been  taken  to  one  decimal  place  farther,  by  entering  the  table 
with  ten  times  the  length  19,  20,  kc.  and  taking  one-tenth  of  the  corres^ 
ponding  differences  of  latitude  and  departure. 

In  the  above  calculations  we  have  supposed  the  survey  to  have  been  made 
with  accuracy,  in  which  case  the  sums  of  the  differences  of  latitude  in  the 
cohmins  N.  S.  ought  to  be  equal  to  each  other,  also  the  sums  of  the  depar^ 
tires  in  the  columns  E.  W.    This  is  the  case  in  the  above  exampfc  .v:h€Pk 
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the  sura  of  the  Diff.  of  Lat.  is  1^1.2,  and  the  sum  of  the  departure  86.0 :  but 
it  more  frequently  happens  that  the  numbers  do  not  a^ree ;  in  which  case 
the  work  ought  to  be  carefully  examined,  and  if  no  mistake  can  be  found, 
and  the  error  is  great,  the  place  ought  to  be  surveyed  again ;  but  if  the  error 
be  small,  it  ou^ht  to  be  apportioned  among  all  the  differences  of  latitude 
and  departure,  m  such  manner  as  to  produce  the  required  correction  with  die 
least  possible  changes  in  the  given  numbers.  The  method  of  doing  Uiis  was 
cxplamid  by  me  in  the  fourth  number  of  the  Analyst,  in  answer  to  a  prise 
question  of  Professor  Patterson,  and  is  as  follows.  Find  the  error  in  lati« 
tude,  or  the  difference  between  the  sums  of  southmg  aad  Dorthing«  also  the 
sum  of  the  boundary  lineSi  AB,  BC,  Uc,  Then  soy,  as  this  sum  is  to  the 
error  in  latitude,  so  is  the  length  of  anjr  particular  boundary  to  the  correction 
of  the  corresponding  difference  of  latitude,  addltiYe  if  in  the  eoluma  whose 
sum  is  the  least,  otherwise  subtractive.  The  correctians  of  the  departure 
are  f^imd  by  the  same  rule,  eicept  changing  diff.  of  lat.  into  departure. 
Thus  in  the  adjoined  example,  the  sum  of  the  boiiadary  lines  is  161.6,  the 
error  of  latitude  is  0.10  and  of  departure  .08, 
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and  the  corrections  of  the  diff.  of  lat.  and  departure  are  found  by  tibe  foHtiw- 
ing  proportions : 


Lat. 

1GI6  :  0.10:;  40  ■.0it2* 
:  :  29  :0.0ft 
::96  :0A2 
::29.6:a02 
::31   :0it» 


1C.I6  :  04)8  :  :  40  ^0* 
!:28  :001 
::96  ;ai2 
;  :  2a6 :  OlOI 
: :  91     1  003 


The  first  correction  of  lat.  .02  is  to  be  added  to  the  first  latitude,  £8.f «, 
because  it  is  in  the  column  whose  sum  57.41  is  less  than  the  other  57.51,  so 
that  the  first  corrected  diff.  of  lat.  is  2&.d0.  The  second  is  the  difference  be* 
tween  £1.65,  and  the  second  correction  .02,  because  21 .65  is  In  the  greatest 
column,  the  corrected  value  is  therefore  21.63.  The  third  is  found  in  the 
same  manner  to  be  S5.86 — .02=35.84.  The  fourtii  corrected  difference  of 
latitude  is  simply  the  fourth  correction  .02  placed  in  the  cohimn  N,  because 
the  sum  in  that  column,  57.41  is  the  least  and  the  fourth  diff.  of  latitude  in 
the  original  table  is  0.  The  fifth  *is  the  sum  of  29.13  and  the  fifth  correction 
0.02,  making  29.15.  These  are  placed  in  their  proper  columns  in  the  cor- 
rected values.  In  a  similar  manner  the  first  departure  is  equal  to  the  sum 
of  28.28  and  tiie  first  correction  0.02,  which  is  equal  to  28.30.  The  second 
is  the  difference  between  H.50  and  the  second  correction  .01,  making  12.49; 
and  80  as  for  the  others,  taking  the  sum  when  the  departure  is  in  the  column 
whose  sum  is  the  least,  which  in  the  present  case  is  the  east,  and  the  differ- 
ence when  in  the  other  coUunn.  In  the  traverse  table  thus  corrected,  the 
sum  of  the  differences  of  latitude  is  57.47  in  both  columns,  and  the  sum  of 
the  departures  42.08.  Having  corrected  the  values  of  this  traverse  table, 
yon  must  find  the  meridian  oistances,  the  column  M,  the  north  and  south 
areas,  &^.  as  in  the  former  example. 
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lines  In  thia  ewmple  are 
(taken  to  Uie  ntmrtM.  decimal 


Ml  nearly  of  an  equal  lengUi  Uiat  Uie  correction  of  die  dif- 
dmal) la  a02  for  rueh  of  tbienm  tot  In  aencial,  they  wlB  be 
e  Mid  departure  may  be  made  mo  of  in  finding  tbcn  eor- 


%(iffH-ent.    Tbe  ttble  of  difference  of  laHiude  and  departure  may 

rec'Jons,  thus:  seek  In  ibe  table  tlU  the  firat  term  16141  (or  162) la  found  In  tbe  diatanct  cohiran  to  con> 
XTfji^M  to  tbe  second  term  .10  (or  10}  In  the  departore  colnmn,  thus  up}to»ite  tbe  tfatri  term  40.  25, 96, 
^K.  win  be  the  iooghi  correclhii.»,  as  is  evident 
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3UftV£YINa.  A^ii 

•  ■  In  i^rojectlng  a  auirev  of  thb  kind,  wb^re  there  is  a  small  error,  you 
must  plot  ojf  as  usual  the  boyndary  lines  AB,  BC,  €D,  &.c.  and  it  will  bf> 
foiiad  that  the  termination  of  the  last  line  £A  wDl  not  fall  exactly  in  the 
point  A,  but  will  be  at  a  point  near  it,  which  we  shall  call  a.  To  correct  this 
error  yoa  must  dlaw  through  the  points  B,  G,  D,  kc.  lines  parallel  to  aA, 
in  the  direction  from  a  to  A.  of  such  lengths  as  to  be  to  Aa,  as  the  distances 
of  those  points  respectively  from  A  (measured  on  the  boundary  ABCD,  fee) 
are  to  the  whole  length  of  the  boundary  Une,  through  these  points  draw  the 
corrected  lines  terminating  on  A.  Want  of  room  prevents  entering  into  far- 
ther explanation  of  the  subject. 

Tlie  manntr  of  surveying  Coasts  and  Harbours, 
From  what  has  been  said  m  the  preceding  problems,  the  intelligent  reader 
will  readily  perceive  the  method  of  surveying  a  coast  or  harbour ;  but  as 
this  is  an  important  subiect,  it  was  thought  proper  to  enter  more  fully  into 
an  explanation  of  the  difiPerent  methods  to  be  made  Use  of. 

n  take  a  draught  of  a  coast  in  sailing  along  shore. 

Having  brought  the  ship  to  a  convenient  place,  from  which  the  principal 
points  of  the  eoast,^  or  bay,  may  be  seen,  either  cast  anchor,  if  it  is  conve- 
nietit,  or  lie-to  as  steady  as  possible ;  or  if  the  coast  is  too  shoal,  let  the  ob- 
aerrationa  and  measures  be  taken  in  a  boat.  Then  while  the  vessel  is  sta- 
tionary, take  with  an  azimuth  compass  the  bearings  in  degrees  of  such  points 
of  the  coast  as  form  the  most  material  projections  or  hollows  ;*  write  down 
these  bearings,  and  make  a  rough  sketch  of  the  coast,  observing  carefully 
to  mark  the  points  whose  bearings  are  taken,  with  letters  or  numbers,  for 
the  sake  of  reference. 

1[%en  1^  the  Mp  or  boat  run  in  a  direct  line,  which  must  be  rery  carefully 
measored  by  the  log,  or  otherwise,  one,  two,  or  three  miles,  until  she  comes 
to  a  situation  firom  which  the  same  points  before  observed  can  be  seen  again 
with  quite  different  bearings :  then  let  the  vessel  lie  steady  as  at  the  former 
station,  and  abserve  again  the  bearings  of  the  same  points,  and  make  a  rough 
sketch  of  the  coast;  this  sketch  may  be  made  more  accurately  while  the 
▼easel  is  running  ^e  base  line. 

To  describe  the  chart  from  these  observations,  you  must  in  some  conve- 
ment  part  of  a  sheet  of  paper  draw  the  magnetic  meridian,  and  lay  off  the 
sereral  bearings  taken  at  the  first  station,  marking  them  with  their  proper 
letters  or  numoers ;  lay  down  also  the  bearings  taken  from  the  second  sta- 
tion. Draw  a  line  to  represent  the  sbip^s  run  both  in  length  and  course, 
and  from  that  end  of  the  line  expressing  the  first  station,  draw  lines  parallel 
to  the  respectiva  bearings  taken  from  that  end ;  also  from  the  other  end 
draw  lines  parallel  to  the  bearings  taken  at  that  end,  and  note  the  intersec- 
tion of  ettdk  pair  of  Imes  directed  to  the  same  point ;  and  through  these  in- 
tersections draw  by  hand  a  curved  line,  observing  to  wave  it  in  and  out  as 
near  as  can  be  like  the  tending  of  the  coast  itself.  Then  mark  off  the, 
variation  of  the  compass  from  the  north  end  of  the  magnetic  meridian  to- 
wards the  right  hand,  if  it  be  west,  or  towards  the  left  hand  if  it  be  east, 
and  drawtha  true  meridian  tlirough  that  point  and  the  centre  of  thecirck'. 

Against  ea/ch  part  draw  the  appearance  or  the  land  marked  in  the  sketches, 
distinguishing  the  rocky  shore,  highland,  beach,  be.  as  In  Plate  V.  or  XT. 
Thus  the  sand  beaehes  may  be  marked  as  in  Plate  XL  fig.  8,  and  the  rocky 
shore  as  in  fig.  9,  Uc  Put  in  the  several  soundings  at  low  water,f  in  small 
fi5ures,  distinguishing  whether  they  are  fathoms  or  feet ;  show  the  tinae  of 
high  water  on  the  full  and  change  days  by  Roman  figures,  and  tell  the  rise  of 
the  tide  in  feet.  The  direction  and  velocity  of  the  flood  tide  are  to  be  ob- 
served, which  may  be  done  by  heaving  the  log  when  the  Ship  or  boat  is  at 

♦  In  taking  the  bearings,  if  the  veasel  hoa  much  motion,  the  mean  of  fleveral  observa. 
tioM  shoatd  be  taken. 

f  If  the  totudings  were  not  taken  at  low  water,  they  may  be  reduced  thereto  by  a 
method  wbieh  will  be  explained  hereafter.  ^^  , 
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anchor,  and  the  direction  is  to  be  represented  by  an  arrow.  Put  in  a  com- 
pass and  a  scale  of  miles  or  leagues  such  as  the  vessel's  run  was  laid  down 
by ;  add  the  name  of  the  place,  and  the  latitude  and  longitude  as  true  as  can 
be  obtained. 

If  there  are  shoals  or  sands  on  the  coast,  let  them  be  taken  in  a  boat,  sail- 
ing round  them,  keeping  account  of  the  courses,  distances,  and  soundings.* 
But  to  put  them  in  the  draught,  the  observer  in  the  boat  must  take  the 
bearings  of  two  points  on  the  coast  (the  bearings  of  which  have  been  taken 
Irom  the  ship)  from  some  part  of  each  sand  or  shoal,  so  sailed  round ;  or« 
the  bearing  of  the  boat  at  some  part  of  the  shoal,  or  of  some  beacon  in  thart 
place,  must  be  taken  by  the  ship  at  each  of  the  stations  where  the  bearings 
of  the  shore  were  taken  from  tlie  ship ;  for  by  either  of  these  means,  one 
point  of  the  sand  being  obtained,  the  rest  of  it  can  be  laid  down  from  the  ob^ 
Berrations  taken  in  the  boat.  Rocky  shoals  may  be  marked  on  tlie  chart, 
«d  in  Plate  XI.  fig.  11,  and  sand  banks  as  in  fig.  10. 

If  the  coast  to  be  drawn  is  a  bay  or  harbour  winding  in  such  manner  that 
all  its  parts  cannot  be  seen  at  two  stations,  let  as  many  bases  or  lines  be  run 
and  measured  exactly  as  may  be  found  necessary,  observing  that  the  several 
distances  run  should  join  to  one  another,  in  the  nature  of  a  traverse ;  that 
each  new  set  of  objects,  or  points  observed,  should  be  taken  from  two  sta- 
tions at  the  ends  of  a  known  distance,  and  that  the  objects  whose  bearings 
are  taken  do  not  so  much  extend  beyond  the  limits  of  the  base  as  to  make 
angles  with  it  less  than  about  ^  or  i  of  a  point,  but  rather  reserve  such  objects 
for  the  next  measured  base  line  ;  forjjvhen  lines  lie  very  obliquely  to  one 
another,  their  intersections  are  not  easily  ascertained. 

If  any  particular  parts  of  the  harbour  cannot  be  conveniently  seen  from 
I'ither  of  the  stations,  take  the  boat  into  those  places,  and  having  well  ex- 
amined them,  made  sketches  thereof,  estimating  the  lengths  and  breadths 
*f  the  several  inlet£,  either  by  the  rowing  or  sailing  of  the  boat,  take  as  many 
bearings,  soundings,  and  other  notes,  as  may  be  thought  necessary ;  theo 
tnnex  tliesc  particular  views  in  their  proper  places,  in  the  general  draught. 

If  there  are  any  dangerous  sands  or  rocks,  besides  inserting  them  in  Uieir 
proper  places,  you  must  see  if  there  be  any  two  objects  asd&ore  (such  as  a 
church,  mill,  house,  noted  cliff,  &,c.)  which  appear  in  the  same  right  line 
T\  hen  on  the  shoal ;  and  these  objects  must  be  noted  on  your  chart.  If  none 
can  be  found,  you  must  take  the  bearings  of  some  remarkable  points,  and 
note  them  on  your  chart;  by  which  means  it  will  be  known  how  to  avoid 
the  danger. 

It  should  be  remarked  in  the  draught  the  kind  of  bottom  obtained  in 
ifounding,  whether  mud,  sand,  shells,  coral,  rocky  ground,  4tc. ;  and  where 
there  is  good  anchorage  draw  the  figure  of  an  anchor.  Also,  if  there  is  any 
particular  channel  more  convenient  than  another,  it  is  to  be  pointed  out  by 
lines  drawn  to  its  entrance  from  two)  or  more  noted  marks  ashore. 

The  positions  of  objects  taken  by  a  magnetic  compass  being  liable  to  great 
uncertainties,  as  is  well  known  to  those  who  have  had  any  experience,  es- 
pecially at  sea  ;  it  has  therefore  been  recommended  to  observe  only  the 
bearings  of  the  station  lines  by  the  compass,  and  then  measure  the  angles 
which  tlie  other  objects  make  with  these  lines,  by  a  quadrant  or  sextant, 
which  for  this  purpose  must  be  held  in  an  horizontal  position. 

EXAMPLE   I.     (See  fig.  1,  Plate  X. 
Suppose  a  ship  at  A  observes  the  bearings  of  the  most  remarkable  point 
uTa  bay,  C,  D,  E,  F,  G,  H,  and  I,  and  sails  S.  64°  E.  li  miles  to  B ;  at  B 


♦  It  »  difficult  to  ascertain  correctly  the  courses  and  distances  sailed  by  tbe  boat,  on 
aiaount  of  the  currents  and  other  causes.  Tbb  inconvenience  may  be  obviated  if  the 
^hip  be  at  anchor,  and  not  far  from  the  boat,  by  observing  in  the  boat  the  bearing  of  the 
alijp  by  compass,  and  by  measuring,  with  a  quadrant,  the  angle  contained  betireen  the 
rop-gaJIant-maat  head,  and  that  part  of  the  ship  which  is  at  the  same  bei^t  as  the  eye  of 

l.S.^?tr!!!A?^*'^.^i!  ?^Sle  the  distance  of  the  boat  from  the  ship  may  be  deter* 
pihti,  OS  wfll  be  ezplahted  in  this  work. 
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9\ie  also  observes  the  bearings  of  the  same  points ;  hence  it  is  required  to 
constnict  the  chart. 


Bearing*  of  C  from  A  S.    36°  W. 

D  N.    9^W. 

E  N.  26°  E. 

F  N.  550  E. 
G  Eut 

H  S.  4(FE. 

I  S.   19°  E. 


Bearing  of  C  from  B  S.  89°  E. 

D  ,   N.  48°  W. 

E  N.  24°  W. 

F  N.  13°  E. 

G-  Bl.  47°  E. 

H  S.    38°  W. 

I  S.   46°  W. 


Draw  the  Ime  AB,  S.  64^  E.  li  miles.  Through  the  points  A  and  B  draw 
the  Imes  AC,  AD.  AE,  AF,  AG,  AH,  AI,  BC,  BD,  BE,  BF,  BG,  BH,  and 
BI,  at  their  respective  bearings,  and  where  the  corresponding  lines  cut  each 
other,  will  be  the  points  C,  D,  E,  F,  G,  H,  and  I,  required;  through  which 
the  different  curvatures  of  the  land  must  be  drawn,  corresponding  with  your 
eye-draught.  In  this  manner  may  a  chart  be  constructed  by  oDservations 
taken  upon  the  water.  The  manner  of  surveying  upon  land  is  exactly 
similar. 

To  survey  a  harhovr  by  ohservatums  on  shore. 

Make  an  eje-draught  ofthe  place  to  be  surveyed,  and  in  going  round  the 
GCMist  fix  station  staves,  or  straignt  poles,  tall  enough  to  be  seen  at  a  consider- 
able distance,  in  the  most  remarkable  points  and  bendings  of  the  shore ;  but 
if  at  any  of  those  places  there  is  a  noted  tree,  house,  or  any  other  remarkable 
thing,  that  object  may  serve  instead  of  a  station  staff;  and  it  will  be  con- 
venient to  black  the  staves,  and  tie  a  piece  of  white  bunting  at  the  top  of 
each ;  then  in  the  eye-draught  put  letters  or  numbers  at  the  noted  pbints  or 
marks  for  the  sake  of  distinction. 

Choose  the  most  extensive  and  level  spot  of  ground  you  can  meet  with  to 
measure  your  base  line  upon,  which  should  not  be  less  than  a  tenth  part  of 
the  distance  of  the  two  extreme  objects  which  are  to  be  observed ;  and  let 
the  direction  of  the  measured  base  line  be  such,  that  as  many  of  the  sta- 
tion staves  as  possible  may  be  seen  from  each  end  of  it.  The  bearing  or 
position  of  this  base  must  be  well  determined  in  degrees  and  minutes,  and 
the  length  accurately  measured,  either  by  a  measuring  chain  or  a  piece  of 
log-line.  ^ 

From  each  end  of  the  base  oh?erve,  with  an  nzimuth  compass,  or  with  a 
Theodolite,  if  it  can  be  procured,  the  bearings  of  each  of  the  station  staves ; 
or  else  witli  a  sextant  measi^re  the  angles  contained  between  the  staves  or 
remarkable  objects,  and  the  other  end  of  the  station  line,  and  write  them 
down  in  order  in  your  book.  These  measures  and  angles  being  plotted 
down  as  before  directed,  will  give  the  most  conspicuous  points  of  the  shore, 
the  intermediate  spaces  are  to  be  filled  up  from  the  sketches  made  on  the 
spot.  _ 

But  if  either  of  these  objects  should  spread  on  either  hand  so  far  beyond 
the  limits  6(  the  base,  that  at  either  end  thereof  the  other  end  and  those 
objects  should  appear  nearly  in  the  same  direction,  or  to  make  angles  not 
exceeding  10^ :  or,  if  some  of  the  remarkable  objects  could  be  seen  only 
from  one  end  of  the  base ;  then  let  the  bearings  of  such  objects  be  taken 
from  a  pbce  whose  position  has  been  detei'mined  from  both  ends  of  the 
measured  base;  or,  if  there  are  several  lemarkcd  objects  which  cannot 
be  seen  from  either  end  of  the  base  lines,  let  the  bearings  of  such  objects  be 
taken  from  each  of  two  points  whose  positions  have  been  determined  by 
bearings  taken  from  both  ends  of  the  base,  or  it  may,  on  some  occasions,  he 
proper  to  choose  another  place  on  which  another  base  of  a  convenient  length 
may  be  measured,  and  from  the  extremities  of  which  the  ends  of  the  first 
base  may  be  seen ;  and  as  many  as  earn  be  of  the  remaining  objects  which 
lay  too  obliquely,  or  which  could  not'be  seen  from  the  first  base.  In  such 
manner  proceed  until  the  bearings  are  taken  of  all  the  points  judged  neces- 
sary for  completing  the  survey  ofthe  limits  of  the  harbour. 

If  a  right  hne  of  a  sufficient  length  for  a  base  line  cannot  be  measured,  it 
may  be  taken  in  two  adjoining  lines  as  the  two  sides  of  a  triangle,  the  in- 
«*Iudcd  angle  being  accurately  taken,  and  the  bearing  of  either  line.^,^^!^ 
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When  the  outlines  or  linuts  of  a  harbour,  bay,  roa^t  Ste.  are  delineated, 
by  the  preceding  precepts,  let  a  small  vessel  go  out  to  sea  to  take  drawings 
of  the  appearance  of  the  land  and  its  bearings ;  sail  likewise  into  the  harbour, 
and  draw  the  appearance  of  its  entrance ;  take  particular  notice  if  there  be 
any  false  resemblance  of  the  entrance,  by  which  ships  may  be  deceiTcd 
and  run  into  danger ;  or  when  any  two  objects  being  brouj^bt  in  a  line,  or  in 
one,  will  lead  into  the  harbour  without  danger;  search  (or  the  best  anchor- 
ing places,  and  if  possible,  denote  those  places  by  bringing  two  objects  in  one, 
if  not,  take  the  exact  bearings  of  two  or  three  ower  objects,  so  that  the 
places  may  be  easily  determined.  The  chart  being  correctly  drawn,  a  «om- 
pass,  with  the  variation,, and  scale  properly  fitted  to  the  plan,  the  islfinds, 
rocks,  sands,  htc.  must  be  marked  in  their  proper  places,  with  their  sound- 
ings at  low  water,  the  anchoring  places,  with  the  best  trade  to  get  to  them ; 
^e  proper  jHuling  marks  to  avoid  dangers ;  the  places  where  fresh  water  can 
be  got ;  the  name  of  the  place,  the  country  in,'On  what  sea ;  the  latitude  and 
longitude ;  a  sketch  of  the  appearance  the  place  makts  at  sea  upjon  a  known 
bearing,  and  at  an  estunated  distance ;  and  whatever  else  a  judicious 'seaman 
shaU  think  proper  maybe  inserted.  Then  will  the  plan  be  fit  for  all  nautical 
purpoees,  and  may  be  embellished  with  proper  dolours  if  necessary. 

EXAMPLE  IL  (See  fig.  2.  Plate  X.) 
From  each  end  of  a  base  line  AB  of  1200  fathoms,  were  observed  the 
points  C,  D,  E,  F,  and  6 ;  and  as  the  points  I,  K,  and  L,  were  not  visible 
from  the  extremities  of  the  base  line,  another  base  line  was  measured  from 
the  point  D  to  H  of  650  fathoms,  from  which  points  the  bearincs  of  I,  K, 
and  L,  were  obsened :  hence  it  is  required  to  construct  a  chart  of  the  place. 


Bearing  of  B  firom  A 

C 

I) 

E 

F. 

6 
Bearing  of  H  from  D 

1 


K 
L 


East. 

North. 

N.  E.  b.  N. 

N.  E.  i  N. 

N.  E.  b.  E.  i  E. 

E.  b.  N.  i  N. 

N.W. 

N.  b.  W. 


N.  b.  E.  i  £. 

N.  N.  E,  i  E. 


Bearing  of  C  from  B  N.  W.  b.  W. 

D  N.  N.  W. 

E  North. 

F  N.  b.  E. 

G  N.  E. 

Bearing  of  I  frosft  H  N.  E.  by  N. 

K  N.  E.  4  £. 

L  E.  N.  E. 


Draw  the  east  line  AB=1S00  fathoms ;  from  each  end  of  this  line  draw 
the  lines  AC,  AD,  AE,  AF,  AG,  EC,  &c.  at  their  respectire  bearings ;  the 
Mints  of  intersection  will  give  the  points  C,  D,  E,  F,  and  G.  From  the  point 
D  (which  was  found  in  this  manner)  draw  the  N.  W.  line  DH=:650  fathoms: 
and  through  these  points  draw  the  lines  DI,  DK,  DL,  HI,  kc.  at  their  re- 
«pectiTe  bearings ;  the  points  of  intersection  of  the  corresponding  lines  wiJ] 
be  the  situation  of  the  points  I,  K,  L.  Between  these  remarkable  points, 
•draw  the  outlines  of  the  land,  conformable  to  your  rough  draught. 

In  order  to  determine  the  situation  of  tlie  point  M,  which  was  seen  too 
obliquely  from  the  bases  AB,  DH,  you  may  take  the  bearing  of  that  point 
from  B,  and  then  from  G  (whose  situation  has  been  determined  by  bearings 
taken  from  the  points  A,  B,)  the  intersection  of  the  lines  BM,  GM,  will  de- 
termine the  situation  of  M. 

Method  of  turveyint^  a  stnail  hank  or  ahoal  tofure  gnat  accuracy  is  required. 
The  method  of  determining  the  extent  and  situation  of  shoal  ground  by 
sailing  round  it  and  keeping  an  account  of  the  courses  and  distances  sailed, 
is  well  adapted  to  the  taking  of  an  extensive  survey,  or  to  the  exploring  of  a 
large  bank,  where  great  accuracy  is  not  required  ;  but  the  difficulty  of  as- 
certaining with  precision  the  courses  and  distances  sailed  (which  are  liable 
to  «rror  on  account  of  the  tides,  currents,  and  the  different  velocity  of  the 
boat  at  different  times  owing  to  the  unsteadiness  of  the  wind)  prevents  this 
method  from  being  sufficiently  accurate  to  be  used  in  exploring  a  dangerous 
shoal  or  bank  at  the  entrance  of  a  narrow  channel  of  a  harbour,  or  any 
other  place  where  the  exact  form  of  the  shoal  is  to  be  found;  and  if  to  ob- 
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tain  the  necessary  degree  of  correetness,  the  bearings  of  two  remarkable 
ofagects  were  taken  at  every  time  of  sounding,  the  time  expended  in  taking 
the  observations  would  be  increased  beyond  all  reasoaable  bounds.  To  ob- 
viate these  difficulties,  the  following  methods  may  be  made  use  of,  by  either 
of  which  the  necessary  observations  for  determining  the  situation  of  the  boat, 
may  be  made  as  fast  as  the  soundings  can  be  taken. 

First  Mtthod,  Procure  a  large  sail-boat  with  a  high  mast,  and  a  small 
row-boat ;  bring  the  sail-boat  to  anchor  on  the  bank  which  is  to  be  explored, 
and  take  accurately  the  bearings  of  two  remarkable  points  of  land,  or  other 
objects  whose  situation  has  already  been  determined  by  observations  taken 
on  shore,  or  in  sailing  along  the  land ;  by  this  means  the  situation  of  the  sail- 
boat may  be  accurately'marked  on  the  chart ;  then  enter  tiie  small  boat  and 
row  fh)m  tiie  other  in  any  particnlar  direction,  observing  to  keep  the  roast 
of  the  boat  to  Dear  upon  any  point  of  the  compass,  or  (which  is  much  more 
accurate)  to  keep  the  mast  of  the  boat  to  range  on  any  particular  point  of 
land,  or  other  object  marked  on  the  chart ;  by  these  means  any  errors  which 
might  arise  in  the  course  of  the  boat  will  be  entirely  prevented.  While  pro- 
eeeifog  in  tlus  direction  let  one  person  take  the  soundings,  while  another  ob- 
serves with  a  quadrant  or  sextant  the  angtilar  elevation  of  the  top  of  the 
boat's  mast  alx)ve  the  horizontal  line  drawn  from  the  eye  of  the  observer, 
and  a  third  person  notes  the  observations  in  the  minute  book,  and  the  time 
of  observation,  in  order  to  make  the  necessary  reduction  in  the  soundings  to 
reduce  them  to  low  water.  Proceed  in  this  manner  from  the  sail-boat  till 
you  get  off  the  bank  into  deep  water,  or  till  the  eleintion  of  the  mast  is  not 
much  less  than  one  degree,  then  row  across  the  bank  till  the  bearing  of  tiie 
mast  is  altered  considerably,  or  till  it  appears  in  a  range  with  another  point 
of  land  at  a  considerable  angular  distance  from  the  point  with  whicn  the 
mast  ranged  m  the  first  observations ;  then  row  towards  the  boat,  sounding 
and  observmg  the  angular  elevation  of  the  n^ast  as  before.  Proceed  in  this 
manner  in  sousding  to  and  from  the  sail-boat  till  you  have  procured  a  suffi- 
cient number  of  soundings  in  every  direction.  Then  go  on  board  the  sail- 
boat 9tA  shift  her  birtii  to  another  part  of  the  bank  where  soundincs  have 
not  l>eeD  taken  and  proceed  to  sound  as  before.  Continue  sounmng  and 
shifting  the  situation  of  the  boat,  till  the  whole  bank  has  been  explored,  and 
then  the  dbservations  may  be  plotted  off  by  the  directions  in  the  following 
example. 

I^t  A.BC  (Plate  XI.  fig.  1 .)  be  the  mast  of  the  sail-boat,  D  the  situation 
of  tlie  eye  of  the  person  who  observes  the  angular  elevation  of  the  mast. 
Draw  the  Kne  DB  parallel  to  the  horizoti  and  ioin  DA.    Then  the  height 
AB  must  be  measured*  accurately,  and  that  being  given  and  tile  olmerred 
angle  ADB  the  corresponding  distance  BD  may  be  obtained  by  the  usikal  rules 
of  trigonometry  by  saying  as  radius  :  AB  :  :  co^tangent  ADB  :  BD.   Thu&if 
die  hinght  AB  was  9t  feet,  and  the  angje  ADB  1^,  the  distance  BD  would  be 
1719  ftet  (bciag  &7,S  times  ac  great  as  AB).    The  distances  corres-j  i 
ponding  to  JS^,  3^,  &lc«  are  given  in  the  adjoined  table,  by  examia- ' 
mg  whK-ii  it  wiH  appear  that  the  distance  BD  corresponding  to  any 
angle  ADB  (less  than  dO^)  ntay  be  obtained  nearly  by  dividing  1719 
bj  the  angle  ADB  in  degrees.    Thus  for  4  degrees  the  distance  by 
tius  rule  wouhi  be  >  y  »  as4ife9],  nearly,  as  in  the  table.    The  great- 
est difference  between  the  distances  determined  by  the  rule  and  by 
the  table  being  5  feet«  corresponding  to  the  angle  30^,  for  '|4'=: 
57  ;  whereas,  by  the  table  the  distance  is  52.    In  taking  soundings 
by  this  method  it  will  be  very  rarely  necessary  to  measure  an  an-l 
gie  so  great  aa  39^,  so  that  for  all  practical  purposes  the  distance  may  be  de- 

•  A  narfc  iMy  be  made  at  B,  mnd  a  vane  plaoed  at  Uie  top  of  the  mait  at  A,  to  enable  the  olMerv- 
cr  lo  dMUagnkih  tboie  oUectt  when  at  a  great  dUtanoe.  If  the  height  of  the  obMrrer  above  the 
horizon  be  mimU  Id  CMaiiariMHi  to  the  bcTgbt  of  Uie  mact,  the  angular  dfttnice  AtiEbelweMi  the 
■iHbcM  ok  the  aea  and  the  lop  of  the  boat^l  mast  raff  ht  lie  measoml.  Imteed  of  ADB  :  Ibr  If  the 
dikiaace*  BC.  and  CE  reaataed  the  •aflif  lo  all  obserTatlooK,  II  would  be  ImmateHal  whicli  angle  wa* 

uiyiuzeu  uy  x-j  v_/ v^ pc  ix^ 


25B 

feet. 

\o 

1719 

% 

859 

3 

572 

4 

4S9 

6 

343 

10 

170 

SO 

82 

30 

6:b 

208  SURVEYING. 

tPTminetl  in  this  example  to  a  suif^cient  degree  of  accuracy  by  dividing  1719 
by  the  observed  angular  elevation  in  degrees.  On  these  principles  we  have 
the  following  rule  for  calculating  the  distance  corresponding  to  a  mast  of 
any  given  height,  and  to  any  observed  angular  elevation. 

Rule.  Multiply  the  fieight  of  the  mast  above  the  eye  of  the  observer  by  57.5, 
and  the  product  will  be  a  constant  quantity*  which  being  divided  by  the  ob- 
served angle  of  elevation  expressed  m  degrees  and  decimals  of  a  degree^  the 
quotient  tcill  be  the  sought  distance  nearly. 

If  the  height  of  the  mast  be  expressed  in  equal  parts  taken  from  the  scale 
by  which  the  chart  was  plotted  oft*,  the  distances  found  by  the  above  rule 
would  be  expressed  in  the  same  equal  parts  ;  so  that  if  the  distances  Uius 
expressed  corresponding  to  1^,  SP,  3^,  &c.  were  calculated  and  marked  on  a 
slip  of  paper  (fig.  2,  Plate  XL),  from  H  to  l^,  from  H  ioSP^  from  H  to30  &c. 
respectively,  the  slip  H I  thus  marked,  would  be  a  very  convenient  scale  for 
plotting  off  such  distances. 

For  further  illustration  of  this  method,  we  have  given  an  example  in  fig. 
4,  Plate  XI.  in  which  C  represents  the  place  at  which  the  sail-boat  was  at 
anchor,  A  and  B  the  points  observed,  in  order  to  ascertain  her  position  on 
the  chart,  by  drawing  thereon  the  lines  AC,  BC,  in  opposite  directions  to  the 
bearings  of  the  points  A,  B,  observed  from  the  boat ;  for  the  point  of  inter- 
section C  will  evidently  be  the  place  of  the  boat  upon  the  chart  Suppose 
now  that  in  the  first  set  of  observations  the  mast  of  the  sail-boat  was  made 
to  range  on  the  point  A,  in  this  case  the  course  of  the  boat  niiust  be  on  the 
continuation  of  the  line  AC  towards  D,  then  the  slip  H  I  (fig*  2,  Plate  XI.^ 
is  to  be  laid  upon  the  line  CD  (fig.  4,  Plate  XI.)  with  the  point  H  upon  C,  ana 
the  angular  elevation  being  found  on  the  slip  the  sounding  corresponding  (re- 
duced to  low  water)  is  to  be  marked  on  the  line  CD,  immediately  under  the 
mark  on  the  slip.  Thus  if  the  angle  was  4^,  the  point  prresponding  would 
be  6.  Having  plotted  off  the  soundings  taken  in  the  direction  CD,  proceed 
in  the  same  manner  with  the  others,  viz.  those  in  the  direction  C£  found  by 
keeping  the  boat's  mast  in  a  range  with  the  church  at  H*  those  in  die  direc- 
tion CF  found  by  keeping  the  boats  mast  in  a  range  with  the  point  B,  those 
in  the  direction  CA  found  by  keeping  the  mast  to  bear  £.  N.  E.  and  so  on 
with  the  other  observations ;  and  when  all  the  sounding  are  marked  on  the 
chart,  dotted  lines  are  to  be  made  round  the  shoal  soundings,  and  thus  the 
true  figure  of  the  shoal  part  of  the.  bank  will  be  obtained. 

This  method  I  have  frequently  used  in  taking  a  survey  of  the  part  of  the 
coast  of  Massachusetts'  Bay,  included  between  Manchester  and  Lynn.  The 
height  of  the  mast  of  the  boat  used  on  the  occasion  was  about  30  feet,  and 
it  was  found  that  distances  less  than  a  third.. of  a  mile  could  be  obtained  in 
this  manner  to  a  great  degree  of  precision. 

Second  Method.  This  method  of  determining  the  place  where  soundings 
were  taken  consists  in  keeping  (while  sailing  in  a  boat  and  sounding)  apar- 
ticularpoint  of  land,  or  any  other  object,  to  bear  always  in  the  same  djrec* 
tion,  and  measuring  with  a  quadrant  or  sextant  held  in  a^horizontal  position 
the  angular  distance  between  that  object  and  another  object  (making  a  con- 
siderable angle  with  the  former)  for  by  this  means  the  situation  of  the  boat 
at  the  time  of  sounding  may  be  determined.  Instead  of  bringing  the  object 
to  bear  upon  a  particular  point  of  the  con>pas9,  you  may  (when  it  can  be 


iMMiired }  obterving  however  Cluit  dUTecestt  ficalos  matt  be  used  Ibr  plotUng  off  the  angles  ABB 
and  ADE. 

If  AB  repreMoted  the  Mown  vereleal  height  of  the  rammti  of  an  bfauid  above  the  eye  of  -no  oiieerv* 
er,  the  dietaace.  from  the  UUnd  might  be  determined  by  meanB'iDg  the  angular  devatlon  ADB,  at  te  evi- 
dent from  what  has  been  said  above. 

•  This  oonstant  quantity  may  bedMermined  without  actually  measuring  ilie  altitude  AB,  if  the  ango- 
lar  elevation  can  be  measured  at  a  place  D  where  the  distance  BD  is  linown.  Thus  Is  the  example 
(Plate  XI.  ilg.  4)  the  distance  AC  being  known,  and  the  angular  elevation  of  the  mast  at  O  being  obserr- 
ed  at  A  in  degrees  and  decimals  of  a  degree,  and  multiplied  bv  the  distance  AO,  the  product  will  be  the 
omtfimt  quanaty  mentioned  in  the  mle.  This  method  msv  be  used  in  determining  the  distend  from 
an  island  by  the  method  menthmed  in  tbe  last  note. 
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done)  Mng  the  object  in  a  ran^  with  another  remarkable  object,  and  by 
t^i8  means  you  wm  avoid  the  error  which  might  arise  from  the  use  of  a 
compan. 

For  an  example  of  this  method,  suppose  that  a  survey  of  the  small  island^ 
A,  B,  K,  (Plate  XI.  fig.  3)  and  the  large  one  CHO  had  been  taken  and  plot- 
ted off  as  in  the  figure.  Then  soundings  may  be  taken  in  the  direction  BCD 
by  bringing  the  small  island  B  in  a  range  with  the  southern  pait  of  die  great 
island,  and  measuring  the  angle  CDG  formed  by  the  extremes  of  the  great 
island  ;  or  by  keeping  the  small  island  A  to  range  with  the  northern  part  pf 
the  great  island,  and  measuring  the  angle  HIK  formed  by  the  northern  ex- 
treme of  that  island,  and  the  small  island  K ;  or  by  runmng  in  the  direction 
KLi  so  as  to  keep  the  island  K  to  bear  W.  i  S.  and  measuring  the  Bn^k 
formed  by  that  island  and  the  northern  extreme  of  the  mat  island,  kc. 

The  method  I  have  generally  used  for  plotting  off  such  angles  is  by  meaiRi 
«f  a  sector ;  and  as  that  instrument  is  more  easily  procured  than  others  bet^ 
ter  adapted  to  the  pui^ose,  I  shall  explain  the  method  by  showing  how  this 
an^le  CDG,  measured  as  above,  may  be  plotted  off  so  as  to  determine  th«^ 
pomt  D  where  that  angular  distance  was  observed.  To  do  this,  you  mU^t 
draw  the  tine  DC,  and  open  the  sector  till  the  two  legs  form  with  each  other 
an  angle  equal  to  the  observed  angle  CDG,  then  slide  one  leg  of  the  sector 
on  the  line  DC  till  the  other  leg  touches  the  northern  extreme  of  the  island 
at  the  point  G,  and  the  point  directly  under  the  centre  of  the  joint  of  the  sec^ 
tor  will  be  the  point  of  observation  :  as  this^  point  cannot  be  exactly  marked 
on  account  of  the  size  of  the  joint  of  the  instrument,  you  may  mark  with  a. 
pencil  on  the  line  DC  the  top  points  where  the  circumference  of  the  joint 
touches  that  line,  and  note  the  sounding  in  the  middle  between  those  two 
marks. 

If  a  quadrant  of  a  circle  be  described  on  a  piece  of  paper,  with  a  radios 
«qual  in  length  to  one  of  the  legs  of  the  sector,  and  then  divided  into  90^, 
the  sector  may,  by  means  of  that  quadrant,  be  opened  to  any  angle  in  a 
very  expeditious  manner. 

This  meUiod  of  obtaining  distances  when  sounding,  I  have  frequently  us^ 
with  success. 

To  reduce  smtndings^  taken  at  any  time  of  the  tide  to  low  laater. 

The  soundings  at  low  water  are  always  to  be  marked  on  a  chart,  and  \f 
they  are  taken  at  any  other  time  of  the  tide,  a  proper  allowance  must  be 
made  to  reduce  them  to  low  water.  This  allowance  may  be  made  if  the 
whole  vertical  rise  of  the  tide  from  low  to  high  water  be  known,  and  the 
time  of  high  and  low  water,  as  in  the  following  example. 

Suppose  the  vertical  rise  of  tide  from  low  to  high  water,  to  be  10  feet,  the 
time  of  low  tvater  5h.  A.  M.  and  the  time  of  high  water  llh.  90m.  A.  ]ML  ; 
required  the  allowance  to  be  made  on  an  observation  taken  at  8  A.  M.  ? 

Draw  the  line  AC  (Plate  XL  fig.  5)  and  make  it  equal  to  the  whole  rj^A 
of  the  tide  10  feet,  ta)&en  from  any  scale  of  equal  parts,  and  divide  the  line 
Hito  equal  parts  representing  feet,  at  the  points  1,  2,  3,  kc.  to  10,  the  mark 
10  (corresponding  to  the  whole  rise  of  the  tide)  being  at  the  point  C,  and 
through  these  points  draw  lines  11,  S2,  33,  kc.  perpendicular  to  AC,  to 
neet  the  circumference  of  a  circle  drawn  on  the  diameter  AC.  Divide  the 
semi-circumference  ABC  of  that  circle  into  a  number  of  equal  parts  repre- 
senting the  number  of  hours  elapsed  from  low  to  high  water,*  which  in  this 
case  is  6ih.  the  hour  of  low  water  being  marked  at  A,  and  that  of  high  wa** 
ter  at  C,  the  intermediate  hours  being  marked  in  succession  as  in  the  figure  ; 


*  TUs  divisioo  of  tbe  leiiii-circle  iimy  be  nmde  bf  mmm  of  a  line  of  chorda.  The  number  of  degvrei 
-cnrreepoodlnr  loone  boor  belnr  ibuad  1^  saying,  as  the  whole  elapsed  time  from  low  to  hieh  wMpr 
X^  boon)  is  to  l8r>«soU  ooe  hour  to  Um  arch  curretpondln|r  to  1  hour  27<»  42',  which  belnff  lalen  fiQMU 
»  Uac  of  cburds  and  kid  off  tnok  5h.  wiA  reach  to  6h.  fcc. 

£  e 
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theYi  aUT  hour  being  found  on  the  arch,  the  number  of  the  line  drawn  per* 
pcmdicular  to  AC,  and  pas«ng  through  the  hour,  vill  rq>reBeiit  nearly  the 
number  of  feet  to  be  subtracted  from  a  sounding  taken  at  that  time  to  rs* 
duce  that  sounding  to  low  water.  Thus  the  number  of  feet  correspon^ng 
to  8h.  is  between  4  and  5,  because  the  mark  8h.  falls  between  the  lines 
marked  4  and  5,  so  that  the  reduction  is  between  4  and  5  feet,  on  soundings 
taken  at  8  A.  M.  to  reduce  them  to  low  water  on  the  day  of  observation  ; 
and  if  on  that  daj  the  tide  does  not  ebb  so  much  as  on  a  spring  tide,  the  re- 
duction must  be  increased  by  the  difference  in  the  ebbing  of  ttie  two  tides* 
Thus  if  on  the  day  of  observation  the  tide  did  not  ebb  so  much  by  two  feet 
as  on  a  springtide,  the  reduction  corresponding  to  8h.  ought  to  be  incrsase^l 
two  feet,  and  would  therefore  be  between  6  and  7  feet.  Allowanee  mar  be 
made  for  this  by  increasing  the  number  of  feet  marked  in  fig.  5,  by  marking 
S  feet  at  A,  3  feet  at  1,  4  feet  at  2,  &m:.  as  is  evident. 

To  reduce  a  Draught  to  a  9lnaller  Sade, 

With  a  black-lead  pencil  draw  on  the  draught  to  be  reduced,  cross  lines, 
forming  exact  squares,  and  on  the  clean  paper  for  the  copy  draw  the  same 
number,  of  squares,  making  their  sides  larger  or  smaller  in  proportion  to  the 
intended  size  of  the  scale,  such'  a8>i,  J,  kc.  the  length  of  the  other ;  distin- 
guish by  a  stronger  mark  every  fifth  or  sixth  row  of  squares  in  both,  so  that 
the  several  corresponding  squares  may  be  readily  perceived  ;  then,  in  each 
of  the  squares  of  Uie  draught,  draw,  by  the  eye,  a  curve  on  the  paper,  simi- 
lar to  that  in  the  square  of  the  copying  draught,  till  the  whole  is  copied  ; 
when  the  black-lead  lines  may  be  rubbed  put  with  bread  or  India  ruber. 

A  chart  may  also  be  reduced  in  the  following  manner  :  thus,  suppose  you 
would  reduce  a  chart  in  the  ratio  of  the  line  MN  (Plate  XL  fig.  6)  to  HI- 
Draw  the  line  AC,  which  make  equal  to  HI,  upon  A  as  a  centre,  describe  the 
arch  CF,  and  make  the  chord  CF=:M9,  j6in  AF ;  then  if  you  take  any  dis* 
tance,  AB  you  wish  to  reduce,  and  upon  A,  as  a  centre,  describe  an  arch  BD ; 
the  chord  BD,  intercepted  by  the  lines  AC,  AF,  will  be  the  reduced  distance 
corresponding  to  AB.  This  reduced  distance  may  also  be  obtained  by  an- 
other method,  which  is  more  simple  than  the  former:  Take  any  extent 
from  the  large  chart,  which  is  to  be  reduced  to  a-smaller  scale,  jund  apply  it 
from  A  to  O  (Plate  Xi.  fig.  7) :  take  in  your  compasses  the  corresponding 
distance  on  the  small  chart,  and  with  one  foot  in  O  sweep  an  arch  P  ;  draw 
the  line  AP  just  touching  the  arch  in  P ;  then  if  you  take  any  distance  from 
the  great  chart,  and  apply  it  from  A  to  R,  and  at  the  point  R  sweep  an  arch 
S  to  touch  the  line  AP ;  the  extent  RS  will  be  the  reduced  distance  corres- 
ponding to  the  line  AR. 


OF  WINDS. 

THE  earth  is  surrounded  by  a  fine  invisible  fluid,  called  Air,  which  by  its 
weight  is  capable  of  supporting  the  vapours  raised  by  the  sun,  and  by  its 
elasticity  is  capable  of  expanding  or  spreading  itself,  so  as  to  fill  up  a  larger 
space.  When  the  elasticity  of  any  portion  of  the  air  id  changed,  by  the  heat 
of  the  sun  or  by  other  causes,  the  neighbouring  parts  are  put  in  motion  to 
restore  the  equilibrium ;  in  this  manner  a  current  of  air  is  formed,  called 
theWind^  which  b  distinguished  by  several  names,  viz.  trade  winds,  monsoons, 
variable  winds,  Uc.  The  trade  toinds  blow  constantly  from  the  same  part ; 
the  monsooM  blow  half  the  year  oneway,  and  half  the  other ;  and  thetjorio- 
bte  winds  are  such  as  blow  without  any  regularity  either  as  to  time,  place, 
or  direction.  The  following  observations  on  the  wind  have  been  made  by 
Dr.  Halley  and  others. 

There  are  constant  trade  winds,  blowing  from  the  cast,  in  most  parts  of 
the  Atlantic  and  Pacific  Oceans,  between  the  latitudes  of  30^  N*  and  59^  S. 
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Near  the  northern  limits  of  theae  winds,  they  blow  between  the  north  ^d 
east ;  and  near  their  southern  limits,  between  the  south  and  east. 

In  the  Atlantic  Ocean,  at  about  100  leagues  from  the  coast  of  Africa,  be- 
tween the  latitudes  of  fU^  and  10^  north,  there  b  generally  a  fresh  gale  of 
wind  blowing  from  tiie  N.  E. 

Those  bound  to  the  Garibbee  Islands  across  the  Atlantic,  find,  as  they  ap* 
proach  the  American  side,  that  the  N.  E.  wind  becomes  easterly,  or  seldom 
blows  mere  than  a  point  from  the  east,  either  to  the  northward  or  southward. 

These  trade  winds  on  the  American  side  are  sometimes  extended  to  90<^, 
dl<^,  or  even  to  9a9  of  north  latitude,  which  is  about  4^  farther  than  what 
they  extend  to  on  the  African  side ;  also  to  the  southward  of  the  equator, 
^e  trade  winds  e^end  3  or  4  degrees  frurther  towards  the  south  on  the  coast 
of  Brazil  on  the  Anoierican  side,  than  they  do  towards  the  Cape  of  Good 
Hope,  on  the  Afisean  side. 

But  wse  must  not  conclude  that  the  above  limits  are  without  exception ; 
for  both  their  extent  and  direction  vary  considerably  with  the  season  of  the 
year.  When  the  sun  approaches  the  tropic  of  cancer  the  S.  £.  trade  winds 
prevail  ferther  to  the  northward  of  the  line,  and  incline  more  to  the  south- 
ward of  S.  £.  and  the  N.  E.  trade  wind  inclines  more  to  the  eastward  ;  and 
the  coalarary  at  the  opposite  season  of  the  year. 

On  the  African  coast,  from  Cape  Blanco  to  Sierra  Leone,  the  winds  in  ge- 
neral blow  ftx>m  the  north,  indimng  from  the  westward  rather  than  from  Uie 
eastward.  From  Sierra  Leone  to  Cape  Palmas,  the  ordinary  course  of  the 
winda  is  frtua  W.  N.  W.  and  beyond  Cape  Palmas,  as  far  as  28^  south  lati- 
tude, from  S.  W.to  S.  mdining  more  to  the  southward  or  westwurd  accord- 
ing to  the  particular  situation  or  bearing  of  the  shores  and  tends.  And  the 
pact  of  the  ocean  exteil^Ui%  along  this  coast  to  the  distance  of  80  or  100 
leagues  from  the  shore,  is  much  more  troubled  with  frequent  calms,  and 
with  sudden  and  violent  gusts  of  wind,  known  by  the  name  of  Tornadoes, 
wMch  blow  from^  all  parts  of  the  horizon.  The  reason  of  this  change  in  tiie 
direction  of  the  trade  wind  near  the  land  is  probably  owing  to  the  nature  of 
the  coast,  which  being  violently  heated  by  the  sun,  rarefies  die  air  exceed- 
ingly, consequently  Hie  cool  au*  from  the  sea  will  keep  rushing  in  to  restore 
the  equifibrium. 

In  the  Golf  of  Guinea  Hhere  is  a  periodical  wind,  called  HBrmoffon,  which 
blows  in  a  N.  £.  direetion  from  the  interior  parts  of  Africa.  Thci  season  in 
which  this  wind  prevails  is  during  the  months  of  December,  January,  and 
February. 

Between  the  4th  and  10th  degrees  of  north  latitude,  and  between  the 
longitude  of  Cape  Verd  and  the  easternmost  of  the  Cape  Verd  Islands,  there 
is  &  trad  of  sea,  whidi  seems  to  be  condemned  to  perpetual  cafans,  attended 
with  terrible  thunder  and  lightning,  and  frequent  rains.  The  cause  of  this 
seens  to  be,  that  the  westerly  wums,  setting  in  on  die  coast  of  Africa,  and 
meedne  the  general'  easterly  winds  in  this  tract,  balance  each  other,  and  so 
cause  uie  canos ;  and  the  vapours,  carried  thither  by  each  wind,  meeting 
and  condensing,  occasion  the  almost  constant  rains. 

These  observations  show  the  reason  of  die  difficulty  which  ships  find  in 
sailing  to  the  southward,  between  the  coasts  of  Guinea  and  Brazil,  particu- 
larl^rm  the  months  of  July  and  August,  notwithstanding  the  width  of  the 
aea  is  more  than  500  leagues.  For  die  S.  £.  winds  at  that  time  of  the  year 
commonly  extend  some  degrees  beyond  the  ordinary  limits  of  4^  norib  lad- 
fnde,  besides  coming  so  much  southerly  as  to  be  sometimes  south,  some* 
times  a  point  or  two  to  the  west ;  it  then  onlY  remains  to  ply  to  windward  : 
and  if  on  the  one  side  they  steer  W.  S.  W.  toey  get  a  wind  more  and  more 
easteriy,  but  then  there  is  danger  of  falling  in  with  die  coast  or  shoals  of 
Brazil :  and  if  they  steer  £.  S.  B..  they  (all  mto  the  neighbourhood  of  the 
coaft  of  Guinea,  from  whence  they  cannot  depart  without  running  easteri]^ 
as  &r  as  the  island  of  St^Thomas. 

All  ships  departing  from  Guinea  for  Europe,  their  direct  course  is  north-^ 
ward ;  but  on  this  course  they  cannot  go,  because  the  cdast,  tenduig  nearly 
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€nst  and  W^  tbe  land  is  to  the  norihward  ;  therefore  as  the  winds  on  thil» 
coast  are  generally  between  the  south  and  W.  S.  W.  they  are  obliged  to 
steer  S.  S.  £.  or  south,  and  with  these  courses  they  run  off  the  shore ;  but 
in  so  doing  they  always  find  the  wind  more  and  more  contrary ;  so  that« 
though  when  near  the  shore  they  can  lie  south ;  at  a  peat  distance  they  can 
make  no  better  than  S.  E.  and  afterwards  E.  S.  E.  with  which  courses  thejr 
generally  fetch  the  island  of  St.  Thomas  or  Cape  Lopez,  where  finding  tho 
winds  to  the  eastward  of  the  south,  they  sail  westerly  with  it,  till  coming  to 
the  latitude  of  4  degrees  south,  they  flna  the  S.  E.  wind  blowingperpetually. 
On  account  of  these  general  winds,  all  bound  from  Europe  to  the  West 
Indies,  or  to  the  southern  states  of  America,  consider  it  most  advantageous 
to  get  as  soon  as  they  can  to  the  southward,  so  they  may  be  certain  of  a 
fair  and  fresh  gale,  to  run  before  it  to  the  westward.  For  the  same  reason, 
those  bound  from  America  to  Europe  endeavour  to  pin  the  latitude  of  90 
degrees,  where  they  first  find  the  wind  begin  to  be  variable,  though  tiie  most 
ordinary  winds  in  the  North  Atlantic  Ocean  come  between  the  south  and 
west. 

And  for  the  same  reasons  those  bound  to  India  from  America  run  to  the 
eastward  in  the  variable  winds,  so  as  to  be  in  the  longitude  of  35^  or  98^ 
W.  when  in  the  latitude  of  90^  N.  From  thence  they  steer  south-easterly 
towards  the  Cape  de  Yerds,  passing  4^  or  5^  to  the  westward  of  them,  unless 
they  wish  to  stop  for  supplies,  or  to  correct  their  longitude.  Being  then  in 
the  common  route  of  the  European  Indtamen,  they  steer  south-easterly  to 
O^ss  the  equator  between  the  longitude  of  18^  W.  and  25^  W.  where  meet- 
ing the  S.  £.  trade  winds,  they  must  brace  up  and  sail  upon  a  wind  till  they 
get  through  them,  and  come  into  the  variable  winds,  where  they  may  steer 
t^  the  eastward.  •  Near  the  equator,  the  trade  wind  is  generally  strong  to 
llie  westward  than  to  the  eastward ;  and  were  it  not  for  the  fear  of  falling  in 
with  the  Brazil  coast,  a  ship  might  cross  the  line  farther  to  the  westward 
than  what  we  have  recommended  above.  Ships  homeward  bound,  from 
t'he  Cape  of  Good  Hope  towards  America,  may  deviate  a  little  to  the  west- 
irwrd  of  their  straight  course,  and  cross  the  equator  in  aly)ut  90^  W.  longi- 
tude, m  order  to  take  advantage  of  this  fresher  trade  wind. 

Between  the  southern  latitudes  of  10^  and  30^  in  the  Indian  Ocean,  th« 
general  trade  wind  about  S.  E.  is  found  to  blow  all  the  year  round,  in  the 
same  manner  as  in  the  like  latitudes  in  the  south  Atlantic  Ocean ;  and  during 
the  six  months,  from  May  to  'November,  these  winds  reach  to  within  S  de* 
grees  of  the  equator  ;  but  during  the  other  six  months,  fh>m  November  to 
May,  a  N.  W.  wind,  called  the  Uttle  moiuooft,  blows  in  the  tract  lying  between 
the  9d  and  10th  degrees  of  south  latitude,  in  the  meridian  of  tne  north  end 
of  Madagascar,  and  between  the  2d  and  12th  degrees  of  south  latitude,  near 
the  longitude  of  Sumatra  and  Java. 

In  the  tract  between  Sumatra  and  the  African  coast,  and  from  9^  of  south 
latitude,  quite  northward  to  the  Asiatic  coast,  including  the  Arabian  Sea  and 
the  Bay  of  Bengal,  the  monsoons  blow  from  October  to  April  on  the  N.  E. 
and  from  April  to  October  on  the  S.  W.  In  the  former  half  year,  the  wind 
h  more  steady  and  gentle,  and  the  weather  clearer  than  in  the  latter  six 
months.  In  the  Red  Sea  the  winds  blow  nearly  nine  months  of  the  year 
from  the  southward,  that  is,  from  August  to  May,  and  the  rest  of  the  year 
from  the  N.  and  N.  N.  W.  with  land  and  sea  breezes.  In  the  Gulf  of  Persia 
.  the  N.  W.  wind  blows  from  October  to  July,  and  about  three  months  from 
the  opposite  quarter.  These  winds  being  often  interrupted  by  gales  from 
the  8.  W.  and  by  land  breezes. 

Between  the  island  of  Madagascar  and  the  coast  of  Africa,  and  thence 
northward  as  for  as  the  equator,  there  is  a  tract,  wherein,  from  April  to  Oc- 
tober, there  is  cenerally  a  S.  S  W.  wind,  and  a  contrary  wind  the  rest  of  the 
^ear«  with  regular  land  and  sea  breezes  on  both  coasts.  * 

To  tfae  eastward  of  Sumatra  and  Malacca,  on  (he  north  of  the  eqiiatoft 
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and  along  the  coasts  of  Cambodia  and  China,  quite  through  the  Phillippines 
as  far  as  Japan,  the  monsoons  blow  N.  £.  and  S.  W.  the  N.  E.  setting  in 
about  October  or  November,  and  the.  S.  W.  about  May. 

Between  Sumatra  and  Java  to  the  west,  and  New-Guinea  to  the  east,  there 
are  regular  monsoons.  The  N.  W.  monsoon  blows  from  October  to  April, 
the  S.  £.  monsoon  the  rest  of  the  year. 

The  monsoons  do  not  shift  suddenly  from  one  point  of  the  compass  to 
the  opposite;  in  some  places,  the  time  of  the  ciiange  is  attended  with 
calms,  in  others  by  variable  winds  ;  and  it  often  happens,  on  the  shore  of 
Coromandel  and  China,  towards  the  end  of  the  monsoons,  that  there  are 
most  violent  storms,  galled  Tuffons,  greatly  resembling  the  huricanes  in  the 
West  Indies,  wherein  the  wind  is  so  vastly  strong,  that  hardly  any  thins  can 
resist  its  force ;  for  this  reason  it  is  more  dangerous  to  approach  those  snores 
at  the  time  of  the  breaking  up  of  the  monsoon  than  at  any  other  season  of 
the  year. 

The  land  and  na  breezes  prevail  principally  between  the  tropics.  The 
sea  breeze  generally  sets  in  about  ten  in  the  forenoon,  and  contiues  till  about 
Aye  or  six  m  the  evening :  at  seven  the  land  breeze  begins,  and  continues 
till  about  eight  in  the  morning.  The  cause  of  these  winds  is  this  i—during 
the  day  the  sea  is  not  so  much  heated  by  the  sun  as  the  land,  nor  so  much 
cooled  at  night:  Hence,  in  the  day  time,  the  qooler  air  from  the  sea  will  rush 
towards  the  land  to  supply  the  deficiency  occasioned  by  the  greater  rarefac- 
tion of  the  air,  and  hence  arises  the  sea  breeze^  In  like  manner,  during  the 
night,  the  air  at  land,  being  more  cooled  than  that  at  sea,  will  therefore  blow 
from  the  land  towards  the  sea,  and  hence  occasion  a  land  breeze. 

A  whirlwind  is  a  dangerous  phenomenon  caused  by  the  adjacent  air,  rush- 
ing in  from  all  parts  towards  ^  centre  with  great  rapidity,  and  destroying 
every  thing  it  passes  over  in  its  progressive  motion.  A  wakr  spout  and 
whirlwind  arises  from  the  same  cause,  the  latter  being  formed  at  land,  is  com- 
posed principally  of  air,  but  the  former  being  formed  at  sea,  is  composed  of 
water. 

It  was  first  observed  by  Doctor  Franklin  that  the  N.  B.  storms  on  the 
eoast  of  the  United  States  of  America,  frequently  begin  earlier  in  the  south- 
em  states  than  in  the  northern.  This  he  accounts  for  by  supposing  a  great 
rarefaction  of  air  in  or  near  Uie  gulph  of  Mexico  ;  the  air  rising  thence  has 
its  place  supplied  by  the  next  more  northern,  and  therefore  denser  and  hea- 
vier air  ;  a  successive  current  is  thus  formed,  to  whidi  the  coast  and  inland 
mountains  give  a  N.  £.  direction. 

,  Experiments  have  been  made  by  several  persons  to  determine  the  velocity 
•f  the  wina,  by  observing  the  space  passed  over  by  a  cloud  or  any  light  sub- 
stance, and  by  other  methods ;  and  it  has  been  found  that  the  velocity  of  tlie 
wind  in  a  violent  gale  is  about  50  Or  60  miles  per  hour. 


TIDES. 

TIDE  is  a  periodical  motion  of  the  water  of  the  sea,  by  which  it  ebbs 
and  flows  twice  a  day.  The  fiow  continues  about  6  hours,  during  which  the 
water  gradually  rises  till  it  arrives  to  its  greatest  height ;  then  it  begins  to 
ebb  or  decrease,  and  continues  to  do  so  for  about  6  more,  till  it  has  faUen  ta 
nearly  its  former  level ;  then  the  flow  begins  as  before.  When  the  water 
has  attained  its  greatest  height  it  ie  said  to  be  high-waUr,  and  when  it  is 
done  falling  it  is  called  low-water. 

The  cause  of  the  tides  is  the  uneaual  attraction  of  the  sun  and  moon  upon 
different  parts  of  the  earth.  For  tney  attract  the  parts  of  the  earth's  sur- 
fAce  nearest  to  them,  with  a  greater  force  than  they  do  its  centre  :  and  at- 
tract the  centre  more  than  they  do  the  opposite  surface.  To  restore  this 
^lulibrium  the  waters  take  a  spheroidal  figure,  whose  longer  axes  is  directed 
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towvdfl  the  attracting  luminary.  If  the  moon  only  acted  upon  the  water, 
the  time  of  high  water  would  be  when  the  moon  was  upon  the  meridian,, 
above  or  below  the  horizon ;  or  rather  at  an  hour  or  two  after,  (because  tfaa 
moon  continues  to  act  with  considerable  force  for  some  time  after  passing  the 
meridian.)  But  the  moon  passes  the  meridian  about  49'  later  every  day ;  o£ 
course,  if  she  only  acted  on  the  tides,  thejr  would  be  retarded  every  day  4^, 
and  it  would  be  high  water  at  the  same  distance  from  her  passmg  the  meri- 
dian ;  and  it  is  upon  this  principle  that  the  time  of  high  water  is  calculated  in 
roost  books  of  navigation,  although  tiie  time  thus  calculated  will  sometimes 
differ  an  hour  from  the  truth,  owing  to  the  nej^ct  of  the  disturbing  force  of 
the  sun.  The  effect  of  the  moon  upon  the  tides  is  greater  than  that  of  the 
smi,  notwithstanding  the  quantitr  of  matter  in  the  latter  is  vastiy  greater 
than  in  the  fonner :  but  the  sun,  being  at  a  much  greater  distance  from  the 
earth  than  the  moon,  attracts  the  different  parts  of  the  earth  with  nearly  the 
same  force;  whereas^the  moon,  bebg  at  a  miich  less  distance,  attracts  the 
different  parts  of  the  earth  with  very  different  for^.  Accor^ng  to  the 
latest  observations,  the  mean  force  of  the  sun  for  raising  the  tides  is  to  the 
mean  force  of  the  moon  as  1  to  2^.  By  the  combmed  effect  of  these  tnro^ 
forces,  the  tides  come  on  tooner  when  the  moon  is  in  her  Jbrtt  and  third  quar- 
ters, and  later  in  the  second  and  fiurth  quarters,  than  they  would  do  if  caus- 
ed only  by  the  moon's  attraction.  The  mean  quantity  of  this  acceleratioD 
and  retardation  is  given  in  Table  B,  subjoined;  the  use  of  which  wiH  be 
explained  hereafter. 

The  tides  are  greater  tiian  common  about  tiiree  days  after  tiie  new  and 
full  moon  ;  these  are  called  sprmg-tidu.  And  tiie  tides  are  lower  than  com- 
mon about  three  days  after  uie  nrst  and  tast  quarters;  these  are  called  the 
neap-tides.  In  the  former  case  the  sun  and  moon  conspire  to  raise  the  tide 
in  the  same  place,  but  in  the  latter  the  sun  raises  the  water  where  the  moon 
depresses  it.  When  the  moon^is  in  her  jwriree,  or  nearest  approach  to  the 
earth,  the  tides  rise  higher  than  theV  do,  under  the  same  circumstances*  at 
other  times ;  and  are  lowest  when  she  is  in  her  apoget^  or  farthest  distance 
from  the  earth.  The  spring-tides  are  greatest  about  the  time  of  the  equi- 
noxes, in  March  and  September,  and  the  neap-tides,  are  less.  All  these 
things  would  obtain  exactly,  were  the  whole  surface  of  the  earth  covered 
with  sea;  but  the  interruptions  caused  by  the  continents^  islands,  shoab,  kc. 
entirely  alter  the  state  of  the  tidies  in  many  cases.  A  small  inland  sea,  such 
as  the  Mediterranean  *or  Baltic,  is  little  subject  to  tides;  because  the  action 
of  die  sun  and  moon  is  always  nearly  equal  at  tiie  extremities  of  such  seas* 
In  very  high  latitudes  the  tides  are  inconsiderable. 

From  the  observations  of  m«ny  persons,  the  times  of  hig^-waiter  o«  the 
days  of  new  and  full  moon,  in  the  most  noted  places  of  the  globe,  have  been 
collected.  These  times  are  usually  put  in  a  table  against  the  names  of  the 
phices,  arranged  in  alphabetical  order  as  in  Table  XLVII.  of  the  collec- 
tion accompanying  this  work,  by  means  of  which  the  times  of  high-water 
may  be  found  by  various  methods.  The  most  common  rule  prescribed  for 
this  purpose,  in  books  of  navigation,  is  that  depending  on  tiie  golden  num- 
ber and  epact,  the  tide  being  supposed  to  be  uniformly  retarded  every  day. 
This  method  will  sometimes  difler  2  hours  from  the  truth,  for  which  reason 
I  shall  not  faisert  it :  but  shall  proceed  to  explain  the  calculation  by  the  ad- 
joined tables  A  and  B,  and  the  Nautical  Almanac ;  by  means  of  which  the 
time  of  high-water  may  be  obtained  to  a  greater  degree  of  exactness  than 
from  our  common  Ahnanacs. 

RULE. 

Find  ^e  time  of  the  moon's  coming  to  the  meridian  at  Greenwich  on  the 

Siven  day,  in  page  YI.  of  the  Nautical  Almanac     Enter  Table  A,  and 
nd  the  longitude  of  the  grven  place,  in  the  left  hand  column,  corresponding 
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to  which  is  a  number  of  minutes  to  be  applied  to  the  time  of  passing  ^e 
meridian  at  Greenwich,  by  adding  when  in  west  lon^tude«  but  tufcinxtifi; 
when  in  toBt  longitude ;  the  sum  or  difference  will  be  nearly  the  time  that 
the  moon  passes  the  meridian  of  the  given  place.  With  this  time  enter  Ta- 
ble 6,  and  take  out  the  corresponding  correction,  which  is  to  be  applied  to 
the  time  Of  passinj|^  the  meridian  of  the  place  of  obsenration,  by  adding  or 
subtracting,  according  to  the  direction  of  the  table. 

To  this  corrected  time  add  the  time  of  full  sea  on  the  full  and  change 
days ;  the  sum  will  be  the  time  of  high-water  at  the  given  place,  reckoning 
from  the  noon  of  the  given  day.  If  wis  sum  be  greater  than  12h.  Mm.  ^ou 
must  subtract  12h.  24m.  from  it,  and  the  remainder  will  be  the  tiino  of  high- 
water  nearly,  reckoning  from  the  same  noon ;  Or  if  it  exceed  £4h.  48m.  jou 
must  subtract  24h.  48m'.  from  that  sum,  and  the  remainder  wiQ  be  the  tone 
of  high  water,  reckoning  from  the  same  noon  nearly. 

EXAMPLE  I. 

Required  the  time  of  high  water  at  Charlestoni  (S.  C.)  March  17,  1620, 
in  the  afternoon,  civil  account  ? 

By  the  Nautical  Almanac  I  find  that  the  moon  passes  the  meridian  of 
Greenwich  at  2h.  91m. ;  to  this  I  add  llm.  taken  from  Table  A,  correspond- 
ing to.  the  longitude  of  Charleston.  With  the  sum  2h.  42m.  I  enter  Table 
B,  and  find  (by  taking  proportional  parts)  that  the  correction  is  45m.  whidi 
is  to  be  subtracted  from  itti.  4Sm.  (because  immediately  over  it  in  the  table  it 
is  marked  Sub.) ;  to  the  remainder  Ih.  57m.  I  add  the  time  of  high  water 
on  the  full  and  change  dAys  7h.  l&m.  (which  is  found  in  the  tide  table  follow- 
ing; )  the  sum  9h.  l£m.  is  the  time  of  high  water  on  the  aftemoon  of  March 
17,  18£0,  civil  account     , 

'  EXAMPLE  II. 

Required  the  time  o(  high  water  at  Portland,  (Maine)  May  28, 18iO,  in  the 
afternoon,  civil  account  ?  . 

By  the  Nautical  Almanac  the  moon  will  pass  the  oMridian  of  Oreeowich 
at  8  hours  49  minutes.  The  correction  from  Table  A,  corresponding  to  70^ 
the  lon^tude  of  Portland  is  9m.  which  added  to  8h.  49m.  gives  the  time  of 
the  moon's  southing  at  Portland  8h.  58m.  neariy.  The  number  in  Table  B , 
corresponding  (6  8h.  58m.  is  £Sm.  which  is  to  be  added  to  8h.  58m.  (because  * 
immediately  over  it,  in  the  table,  Is  marked  Add.)  To  the  stun  9h.  tlm.  I 
add  the  time  of  high  water,  on  the  full  and  change  days,  lOh.  45m.  and  the 
sum  is  SOh.  6m.  consequentiy  the  high  water  is  at  SOh.  6m.  past  noon  of  May 
23,  that  is,  at  8h.  6m.  A.  M.  of  May  24.  And  by  subtracting  ISb.  24m.  from 
20h.  6m.  we  have  7h.4^2m.  which,  will  be  nearly  the  time  of  high  water  on 
the  afternoon  of  May  2d,  1820. 

In  this  manner  we  may  obtain  the  time  of  high  water  at  any  place,  to  a 
considerable  degree  of  accuracy.  But  the  tides  are  so  much  influenced  by 
the  winds,  freshets,  kc.  that  the  calculated  times  will  sometimes  dififer  a  little 
from  the  truth. 

Many  pilots  reckon  the  time  of  high  water  by  the  point  of  the  compass 
the  moon  is  upon  at  tha^  time,  allowing  45  minutes  for  each  point.  Thus 
on  the  full  and  change  days,  if  it  is  high  water  at  noon,  they  say  a  north  and 
south  moon  makes  full  sea ;  and  if  at  llh.  15m.  they  say  a  8.  by  E.  or  N. 
by  W.  moon  makes  full  sea ;  and  in  like  manner  for  any  other  time.  But  it 
is  a  very  inaccurate  way  of  finding  the  time  of  full  sea  by  the  bearing  of  the 
moon,  except  in  places  where  it  is  high  water  about  noon  on  the  full  and 
change  days. 

When  you  have  not  a  Nautical  Almanac,  you  may  find  the  time  of  high 
water  by  means  of  the  following  tables  C  and  D ;  and  although  the  for- 
mer method  is  the  most  accurate,  yet  the  latter  may  be  useful  in  many 
rases.  To  calculate  the  time  of  full  sea  by  this  method,  observe  the  follov* 
ing  rule. 
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RULE. 

Enter  Table^C,  and  take  out  the  number  ixrhich  stands  opposite  to  die 
year,  and  under  the  month  for  which  the  tide  is  to  be  calculated;  this 
number,  added  to  the  day  of  the  month,  will  give  the  moon's  age,  reiecting^ 
90  when  the  sum  exceeds  that  number.  Against  her  age  found  in  the  left 
hand  column  of  Table  D,  is  a  number  of  hours  and  minutes  in  the  adjoined 
column,  which  being  added  to  the  time  of  high  water  at  the  given  place  on 
the  full  and  change  days,  will  give  the  time  of  high  water  required,  observ- 
ing to  reject  12h.  24m.  or  24h.  48m.  when  the  sum  exceeds  either  of  those 
times.  > 

By  this  rule  I  shall  work  the  two  preceding  examples. 

EXAMPLE  m. 

Required  the  time  of  high  water  at  Charleston,  (S.  C)  Harch  17, 1820,  m 
the  afternoon,  civil  account  ? 

In  the  table  C,  opposite  1820,  and  under  March,  stand  16,  which,  added 
to  the  day  of  the  month  17,  gives  S3n  and  by  subtracting  .50,  leaves  3,  the 
moon's  age :  opposite  S  in  Table  D,  is  Ih.  46m.  which  added  to  7h.  ISm-. 
the  time  of  high-  water  on  the  full  and^  change  days,  gives  9h.  Im.  for 
the  time  of  high  water ;  difiering^eleven  minutes  from  th^  former  method. 

EXAMPLE  IV. 

Required  the  tune  of  high  water  at  Portland,  (Mass.)  Aay  23, 1820,  in  the 
afternoon,  civil  account  ? 

In  the  Table  C,  opposite  1820,  and  under  May,  stand  18,  which  added  to 
the  day  of  the  month  23,  gives  (by  neglecting  SO)  the  moon*s  age  11 ;  op- 
posite to  this,  in  Table  D,  is  9h.  19m.  which  added  to  lOh.  45m.  the  tkne  of 
high  water  on  the  full  and  change  day«,  gives  20h.  4m.  from  which  subtract- 
ing 12h.  24m.  there  remains  7h.  40m.  for  the  time  of  full  sea  May  23,  1820; 
this  differs  2  minutes  from  the  former  method.  « 

In  the  third  column  of  Table  D  is  given  the  time  of  the  moon'js  coming  to 
the  meridian,  for  every  day  of  her  age :  thus,  opposite ,  1 1  days  stand  8h. 
57m.  which  is  the  time  of  her  coming  to  the  meridian  on  that  day.  This 
table  may  be  of  some  use  when  a  Nautical  Almanac  cannot  be  procured ; 
but  being  calculated  upon  the  supposition  {hat  the  moon  moves  uniformly 
in  the  equator,  the  table  cannot  be  very  acciu'ate.  The  numbers  in  this  Ta- 
ble are  reckoned  from  noon  to  noon ;  thus,  Ih.  A.  M.  is  denoted  by  ISh. ; 
2h.  A.M.by  14h.  &LC. 

The  time  of  new  moon  is  easily  found,  by  subb*acting  .the  number  taken 
from  Table  G  from  30.  Ex.  Suppose  it  was  required  to  find  the  time  of  new 
moon  for  May,  1820?  By  examining  the  table,  w^find  the  number  cor- 
responding to  that  time  is  18;  this  subtracted  from  30  leaves  12;  therefore 
it  will  be  new  moon  the  12th  May,  1820. 

When  the  time  of  high  tirater  is  known  for  any  day  of  the  moon's  age, 
we  may  from  thence  find  the  time  of  high  water  on  the  fuU  and  change  days, 
by  the  following 

RULE. 

Find  the  time  of  the  moon's  coming  to  the  meridian  of  Greenwich,  in 
page  yi.  of  the  Nautical  Almanac;  to  this  time  apply  the  corrections  taken 
from  the  tables  A  and  E,  (in  the  same  manner  as  directed  in  the  preceding 
rule  for  finding  the  time  of  high  water)  subtract  this  corrected  time  from  the 
observed  time  of  high  water,  and  the  remainder  will  be  the  time  of  high 
water,  on  the  change  and  full  days. 

Note.  If  the  time  to  be  subtracted  be  greater  than  the  observed  time  of 
full  sea,  you  must  increase  the  latter  by  12h.  24m.  or  by  24h.  48m.  nearly. 

J:X  AMPLE. 

Suppose  that  on  the  17th  March,  1820,  the  time  of  high  water  at  Charles- 
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Con,  (S.  C)  was  found  to  be  at  9h.  l£m.  P.  M.  required  the  time  of  high 
Cer  on  the  full  and  change  days  1 

I  find,  aa  in  example  1st.  preceding,  that  the  number  to  be  subtract! 
Ih.  67m.-*taking  this  from  9h.  12m.  leaves  7h.  15m.  which  is  tlic  tim 
high  water  on  the  full  and  change  days. 

When  you  have  not  a  Nautical  Almanac,  you  ;nay  find  the  time  of  1 
water  on  the  ftiU  and  change  by  means  of  th^  Tables  C  and  D.  For  in 
nreaent  example,  I  And  by  Table  C,  that  the  moon's  age  was  S,  correspc 
iBg  t»  which,  m  the  second  column  of  T%hle  D,  is  Ih.  46m.  this  subtrac 
from  9h.  7nf.  leay^  7h.  21m.  for.  the  time  of  high  water  on  the  full 
chanj^  days. 


Tab*  a. 


i' 


Si    «, 


16" 


X.  II  Hows  U.  II 


9» 
SO 
40 
50 
60 
70 

ao 

90 


100 
110 
120 
150 
140 
150 
160 
170 
180 


9 
11 
12 


14 
12 
H 
18 
19 
£0 
22 
2S 
24 


Tab.  B. 


Tab.  C. 


Tab.  D. 


Cocr. 


2P 
SO 

411 
5 


Sub 

i 

V 


00 
10 


1     9 
1    s 


70  85 


.10 
If 


15 
16 


171 

I 


18 
19 

20 
21 

22 


Add  the  number  taken  from  this  Ta-foiiy 
We  to  the  day  of  the  month ;  the 
snm  (rejecting  30  or  OO-if  necessary) 
will  be  the' Moon's  age  nearly. 


Fear 


S  1820 


1821 


0  £4 
0  14 


120     0 


IS 

14  (r  3i 


0  50 

1 


23 
0  94 


230  14 

9^m 


A  TABLE 

WOK  FIITDINO  Tax  HOO^'S  A«S. 


Add  1822i.'7 
0  2 
90  29 


1823 


1824 


^9 


1825 
Sub 
0  17h826 


1827  3 


1828 


0  35  1829 

Add 

0 

0 


2  18S0 


1831 


15 


26^8 


18 


20 


12 


25 


17 


1832  28  29  20 


17 


26 


13 


2224 


1415 


26 


18 


16 


28 


18 


U 


23 


15 


25 


17 


18 


29 


19 


20 


23 


05 


16 


18 


18 


20 


10 


22  2 


1213 


24 


17 


27  28  29 


19 


20 


11 


12  U 


14 


18 


10 


22 


24 


15 


25|2527 


19 


11 


20  21 


232325 


26 


16 


19 


23 


15 


26 


18 


10 


21 


12  1314 


24 


16 


19 


2929 


10 


22 


25 


17 


28 


10 


10 


19121 


12 


15 


17 


23|24  22 
23 
24 
25 


16 


2627128 
9 


H.  H. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
U 
12 
28  13 
14 
15 


16 
17 
18 
19 
12  20 
21 


26 
27 


9129^ 


0  0 

0  35 

1  10 
146 

2  22 

3  1 

3  44 

4  35 

5  39 

6  57 

8  15 

9  19 
10  10 
10  51 
1133 
12  9 


12  44 

13  19 

13  54 

14  31 

15  11 

15  56 

16  49 

17  57 

19  17 

20  32 
213321 

22  2221 

23  4 
23  42 
24 


H. 

0 
0 
1 
2 
3 
4 
4 
5 
6 
7 
8 
8 
9 

10 
11 
12 


13 
13 
14 
15 
16 
17 
17 
18 
19 
20 


22 

23 

0  24 


In  aO  the  preceding  calculations  of  the  time  of  high  water,  we  han 
sleeted  the  correction  arising  from  the  rariation  of  the  distances  of 
tun  and  moon  from  the  earth,  and  from  the  different  declinations  of  t] 
objects.  These  causes  might  produce  a  correction  of  10'  or  12'  ki  the  ^ 
•f  high  water,  but  in  general  will  be  much  less,  and  may  therefore  Ik 
iWefed. 

*Ff 
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CURRENTS. 

A  CURRENT  is  ft  progressive  motion  of  the  watei»,  causmg  all  floating 
bodies  to  move  that  way  towards  which  th^  stream  is  dircicted,  Thie  set  of  a 
currmtj  Is  that  point  of  the  compass  towards  which  the  waters  run,  and  it» 
drift  h  the  rate  it  runs  per  hour.  The  most  usual  way  of  discovering  the 
set  and  drift  of  an  unknown  current,  is  thus  : 

Let  three  or  four  men  take  a  boat  a  little  way  from  the  ship :  and  by  a 
rope  fastened  to  the  boafs  stem,  let  down  a  heav  v  iron  pot  or  loaded  kettle 
to  the  depth  of  80  or  100  fiathoms ;  then  heave  the  log,  and  the  number  of 
knots  run  out  in  half  a  minute  wiH  be  the  miles  the  eurreat  sets  per  hoaf| 
and  the  bearing  of  the  log  vrill  show  the  set  of  it.        r 

There  is  a  very^  remarkable  current,  called  the  Gulp  Stream,*  which  sets 
in  a  north-east  direction  along  the  coast  of  America^  from  Cape  Florida  to- 
wards the  Isle  of  Sablas,  at  unequal  distances  from  the  land,  being  about  7$ 
miles  from  the  shore  of  the  sou^iem  states,  but  more  distant  from  the  shore 
of  the  northern  states ;  the  width  of  the  stream  is  about  40  or  &0  miles, 
widening  towards  the  north ;  the  Telocity  is  various  from  dne  to  three  knots 
per  hour,  or  more,  being  greatest  in  the  chi^nnel  between  Florida  and  the 
Baiiamas,  and  gradually  decreasing  in  passing  to  the  northward;  but  is 
greatly  influenced  by  the  winds  both  in  drift  and  set. 

We  are  chiefly  indebted  to  Doctor  Franklin,  Commodore  Tmxtoq,  and 
Mr.  Jonathan  Williams,  for  the  knowledge  we  possess  of  the  directioaand 
velocity  of  this  stream  ;  its  general  course,  ^s  given  by  them,  is  marked  oa 
the  chart  aflized  to  this  work.  They  all  Concur  in. recommending  tk6^  use  of 
the  thermometer,  as  the  best  means  of  discovering  when  iti,;or  near  the 
stream.  For,  it  appears  by  their  observations,  that  the  water  Is  w^armer  than 
the  air  when  in  the  stream ;  and  that  at  leaving  it,  and  approaching  towards 
the  land,  the  water  will  be  foilind  six  or  eight  degrees  colder  than  in  the 
stream,  and  six  or  eight  degrees'  colder  still,  when  on  soundings.  Vessels 
coming  from  Europe  to  America,  by  the  northern  passage,  should  keep  a 
little  to  the  northward  of  the  streasi!!,  wh^Te  they  m^  probably  be  asSBisted 
•  by  a  counter  current,  as  is  observed  by  Cbinmodore  TVuxton.  When  bound 
from  America  to  Europe,  a  ship  may  generally  shorten  her  passage  by  keep- 
iftg  in  the  gulf.  By  steering  N.  W.  you  will  generally  cross  the  gulf  in  the 
shortest  time,  as  the  direction  of  the  stream  is  nearly  N.  E.  Those  who 
wish  for  further  information  on  this  subject,  ixmr  consulf  an  ingenious  trea- 
tise  on  "  Thermometrical  Navigation,"  published  by  Mr,  Jonathan  Wil- 
liams, at  Philadelphia,  in  1799,  and  re-published  ^by  Edm.  M.  Bkupt,  to  ac- 
company his  Chart  of  the  Western  Ocean,  in  1819. 

In  the  oth^u*ftrts  of  the  Atlantic  ocean  the  currents  are  variable,  but  are 
generally  south-easterly,  along  the  coast  of  Spain,  Portugal  and  Africa,  from 
Uie  Bay  of  Biscay  towards  Madeira  and  the  Cape  de  Verds.  Between  the 
tropics  there  is  generally  a  current  setting  to  the  westward. 

There  is  also  a  remarkable  current  which  sets  through  the  Mosambique 
channel,  between  the  Island  of  Madagascar  and  the  main  continent  of  Africa, 
in  a  south-westerly  direction :  in  proceeding  towards  Cape  Lagullas  the  cur<> 
rent  takes  a  more  westerly  course,  and  then  tends  rouba  the  Cape  towards 
Bt.  Helena.  Ships  bound  to  the  westward  from  India,  may  generally  shorten 
their  passs^e,  by  taking  advantage  of  this  current.  On  tne  contrary,  when 
bound  to  the  eastward,  round  the  Cape  of  Good  Hope,  they  ought  to  keep 
far  to  the  southward  of  it.  However,  there  appears  to  be  a  great  differenee 
in  the  velocity  of  this  current  at  different  times ;  for  some  ships  haVe  beea 
off  this  Cape  several  days  endeavouring  to  get  to  the  westward,  and  have 
found  no  current ;  others  have  experienced  it  setting  constantly'  to  the  west- 
ward during  their  passage  from  the  Cape  towards  St.  Helena,  Ascension  ami 
the  West-India  Islands.  _  , 
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All  cases  of  sailiag  in  a  current  are  calculated  upon  the  principle,  that  the 
ship  is  affected  by  it  in  the  same  manner  as  if  she  had  sailed  in  still  water, 
witjb  an  additional  course  and  distance  exactly  equal  its  set  and  drift :  on 
this  principle  the  projection  and  calculation  of  any  problem  of  this  kind  may 
be  easily  made. 

EXAMPLE. 

JJ  a  $hip  Mttls  98  mUe$  N.  E.hy  N.ina  current  which  stts  5.  hy  W.  £7  mifef 
in  the  Monu  tkne ;  rehired  her  true  coum  and  distance? 


BY  PROJfiCTJON. 

Describe  the  compt^s 
NESW,  thi^ugW  the  centre 
A  draw  the  N.  fi.  by  N.  line 
AC=&98  miles,  through  C 
draw  the  line  OB  parallel  to 
(be  S.  by  W.  line,  and  make 
CB=S7  miles,  and  join-AB. 
Then  AB  will  be  the  course 
•  and  distance  made  good, 
which  by  ■  nieasuring  are  N. 
B.  i  N-  74  njilcs^ 


BY  CALCULATION. 


The  shortest  method  of  calculating 
this  problem  is  by  means  of  Table  I.  as 
in  the  adjoined  Traverse  Table ;  puttinc 
ki  it  the  course  sailed  by  the  ship,  and 
the  set  of  the  current,  and  An<Ung  the 
difference  of  latitude  and  departure  by 
that  Table,  then  Rndtbe  course  and  dis< 
tance  madte  good,  as  in  Case  VL  Plane 
Bailing.  In  the  present  example  the 
course  is  N.  E.  i  N.  tfnd  the  distance  T4 
miles  neariy.' 


TIkAVERSE  TABLE. 

Counea. 

Diflt 

N. 

S. 

£. 

W. 

N,E-byN. 
S.  by  W. 

98 
27 

81.5 

26.5 

54.4 

5.3 

26.5 

26.6 

54.4 
5.3 

5.3 

Diff. 

Lat. 

55.0 

Dep.  49.1 

METHOD  OF  KEEPING 

A  SHIP'S  RECKONING  OR  JOURNAL  AT  SEA. 

A  SHIP'S  RECKONING  is  that  account,  by  which  it  can  be  known  at  any 
time  where  the  ship  is,  and  on  what  course  or  courses  d»  must  rtuer  to  gam 
her  port.  Dbad  Reckoning  is  that  account  deduced  from  the  ship  s  rttn 
from  the  last  observation.  •     , 
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METHOD  OF  KEEPINQ  A  JOURNAL  AT  SEA. 


H. 

K. 

F. 

Courses, 

Winds. 

AnSfftCtlOlU* 

2 

6 

S.  W. 

N.  E. 

4 

5 

5 

-  6 

5 

N.W.byW. 

\' 

. 

8 

5 

Moderate  gales' 6c 

10 

4 

5 

E.  N.  E. 

N..  W. 

fair  weather;  at 

12 

4 

5 

8  A.  M.  otw  a 

2 

4 

5 

ship  to  the  north- 

4 

4 

5 

ward. 

6 

4 

5 

8 

5 

S.  W. 

W.K.W. 

1 

f 

10 

4 

5 

•         1 

No  observfttioiL 

12 

4 

THE  LOe-BOARB. 

The  daily  occurrences  ?• 
en  board  a  ship  are  mark-, 
ed  OD  a  board  or  slate, 
called  the  log-board  or 
Idg'Slatei  kept  in  the  steer- 
age for  that  purpose,  be- 
ing usually  divided  into 
seven  columns;  the  first 
contains  the  hours  from 
noon  to  noon,  being  mark- 
ed by  soma  for  every*  two 
hours,  but  by  others  for 
eyery  single'  hour ;  In  the 
slfecond  and  third  columns 

arc  the  i^nots  aiid  fathoms . , . 

tlie  ship  is  found  to  run  per  hour,  set  against  the  hours  when  'tne  log  was 
hove.  Some  navigators  do  not  divide  the  knot  into  ten  fathoms,  but  into 
half  knots  only,  marking  the  third  column  H*  K.  The  fourth  column  con- 
tains the  courses  steered  by  compass ;  the  fifth,  the  Whids ;  ^e  sixth,  th« 
lee-way,*  and  the  seventh,  the  alteration  of  the  sails,  the  business  done  a- 
board,  and  what  other  remarker  the  officer  of  the  watcJh  tliinks  proper  to  in- 
sert. For  it  should  be  observed,  thftt  it  is  ustlai  to  divide  a  chip's  company 
into  two  parts,  called  the  starboard  and  larboard  watdR'es,  who  da  the  duty 
of  the  ship  for  four  hours  and  four  hours,  alternately,  except  frdm  4  to  8  iP. 
M.  which  is  divided  into  two  watches.  The  remarks  made  oi>  the  log-board 
^re  daily  copied  into  a  book  called  the  log-^ook:,  which  i^  ruled'Mke  the  log- 
jboard.  This  lM)ok  contains  an  authentic  record  of  the  ship's  transactions, 
and  the  persons  who  keep  a  reckonings  transcribe  them  into  then*  jcwmaU, 
and  from  thence  make  the  necessary  deductions  relative  to  the  ship's  place, 
every  day  at  noon,  which  operation  is  called  working  a  'day*$  itforJc.  While 
fi  ship  is  m  port,  the  remarks  entered  in  the  log-book  are  called  kaiifour  %gQrbt 
or  harbour  journals,  and  the  day  is  then  estimated  accor^ng  to  the  civil 
computation  as  on  shore,  that  is  from  mid-night  to  mid-night ;  but  at  se^ 
the  day's  work  ending  at  noon  is  dated  the  saihe  as  the  civil  day,  so  that  the 
day's  work  marked  Monday  began  on  Sunday  noon,  and  ended  on  Monday 
at  noon ;  the  day  thus  marked  is  called  a  nautical  day ;  the  first  If  hot^ 
being  marked  P.  AL  tha  latter  A.  M.  There  are  vanoti^  Ways  of  keiping 
Journals  at  sea,  according  to  the  drfl^rent  tastes  of  navigators.  Soind  keep 
only  an  abstract  of  each  day's  transactions,  specifying  the  -weaker,  what 
Qhips  or  lands  were  seen,  accidents  onboard,  the  latitude,  longitude,  course* 
and  run  :  these  particulars  being  draWn  from  the  ship's  log-book.  .Others 
keep  a  full  copy  of  the  log-book,  and  the  deductions  drawn  therefrom,  ar- 
ranged in  prof^r  columns :— this  is  the  most  satisfactory  method  tp  tliose 
who  may  have  occasion  to  inspect  the  journal ;  and  we  have  adopted  it  In: 
the  following,  but  shall  give  an  abstract  at  the  end  conformable  to  the  othec 
method. 

When  a  ship  is  about  losing  sight  of  the**  land*  the  bearing  of  some  DotefL 
place  (whose  latitude  and  longitude  are  known)  must  be  observed,  and  its  dis- 
tance estimated  and  marked  on  the  log-book :  this  is  called  ta^g  a  depot- 
iure.  In  working  this  first  day's  work,  the  calculation  is  to  be  made  in  the 
same  manner  as  if  the  ship  had  sailed  that  distance  fVom  that  place  upon  a. 
course  opposite  tq  that  bearing,  and  that  course  and  distance  are  to  be  en- 
tered accordingly  into  the  traverse  table,  after  allowing  for  the  variation. 
To  aUow  for  the  Fariation. 

We  have  already  taught  the  methods  of  finding  the  variation,  which  must 
be  allowed  on  all  courses  steered,  and  on  all  bearings  taken  with  the  com- 
pass *,  to  the  riglU  hand.  \f  the  variation  be  east ;  but  to  the  left  hand,  if  west  | 
the.  observer  l^ing  supposed  to  be  placed  in  the  centre  of  the  compass,  look«* 
ing  towards  the  point  from  which  the  variation  is  to  be  allowed. 
^XW  9»K  of  lli«  lee>w«y  and  mauier  of  aaowlog  for  b,  are  exptalnea  te  Uw  f^ttovln^  jag^^'*^ 


Poinli. 

Of  mve  ^  cOBSpMi  N.  E.  by  E. 

Vuiation^    W. 

K.E. 

aE. 

K.W. 

8    W. 

^    B.  E. 

8    E. 

8.  &  W. 

IJ  W. 

u  w. 
iJe. 

K.X.K.iE. 
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EXAMPLES. 

True  course  N.  E.  by  N. 

N.  E.  Iiy  E.  i  E. 

W.  by  H. 

S.  by  E. 

8.  i  W. 

E.}S. 

S.  W.  i  s. 

N.E.iE. 

To  find  the  ke-way  and  allow  for  it. 

The  conries  must  likewise  Be  corrected  for  lee-way,  the  nature  of  which 
may  he  thus  explained.  When  a  ship  sails  upon  a  wind,  in  a  fresh  gale,  that 
|)art  of  the  win«l  which  acts  upon  the  hull  and  rigging,  together  with  a  con- 
dderahle  part  of  the  force  exerted  on  the  sails,  tend  to  drive  her  immedi- 
ately -from  the  direction  of  the  wind,  or,  as  il  is  termed,  to  leeward.  But 
since  the  bow  of  a  ship  exposes  less  surface  to  the  water  than  the  side,  the 
reststonce  willbe  less  in  thefii:3t  case  than- in  the  second ;  the  velocity  there- 
fore in  the  direetion  of  her  head  will,  in  -most  cases,  he  greater  than  the 
▼docity  in  the  direction  of  her  side,  and  the  ship's  course  will  be  between 
Ihe  two  d]rectiona,.and  the  angle  contained  between  the  course  towards 
which  the  ship^  head  is  directed,-  aftd  the  course  she  really  describes  through 
the  water,  is  termed  herfee-tnajr.  The  quantity  of  lee- way  to  be  allowed 
iviU  depend  upon  a  variety  of  circumstances;  sls  the  mould  and  trim  of  the 
ship ;  oie  i|uantity  of  sail  she  carries ;  her  velocity  through  the  water,  Uc. 
hence  W general  rules  cSh  beliaid  down  with  accuracy  that  will  determine 
Ijte  qdant^  of  lee-way  in  all  peases.  The  following  have,  however,  been 
usasthy  giveii  by  most  writers  on  navigation. 

K  When  a  ship  is  close  hauled  with  all  her  sails  set,  the  water  smooth. 
And  alight  breeze  of  wind,  shcjs  then  supposed  to  make  little  or  no  lee- 
fray. 

A.    When  the  top-gallant  s^s  are  handed,  allow  1  point. 

Q.    When  under  cloee  reefed  topsails,  allow  2  points. 

4.  When  one  topsail  b  handed,  allow  2j|  points. 

^.  When-  both  topsails  are  hand^,  allow  3i  points. 

6.  When  the  fore  course  Is  handed,  allow  4  points. 

7.  When  under  the  mainsail  only,  allow  5  points. 

5.  When  under  a  balanced  mizen,  allow  6  points. 
^  When  uiider  bare  poles,  allolv  7  points. 

As  these  allowances  depend  entirely  on  the  quantity  of  sail  set,  withoirt 
remd  to.  any  other  circumstance,  it  is  evident  that  they  can  be  considered 
omy  as  probable  conjectures,  and  may  indeed  serve  to  work  up  the  day's 
work  of  a  journal  that  has  been  neglected.  But  since  the  computation  of  a 
sitip's  way  depends  much  upon  ihe  accuracy  of  this  allowance,  it  would  be 
proper  for  the  officer  of  the  watch  to  mark  the  lee-way  on  the  lo^-board,  in 
fte  column  reserved  for  ^at  purpose.  The  lee-way  may  b0  estmiated  by 
observing  the  angle  which  the  wake  of  the  ship  makes  with  the  point  right 
aiterii,  by  means  of  a  semi-circle  marked  on  the  taffratl,  and  divided  into 
points  and  quarters  \  by  means  of  which  the  angle  contained  between  the 
direction  of  the  wake  and  the  point  of  the  compass  directly  astern,  may  be 
easoiy  ascertained. 

The  lee-way  thus  determined  is  to  be  allowed  on  all  courses  ateeredy  to  the 
^if^  lumd  of  the  coune  Ueered,  when  the  larboard  taeka  are  aboard^*  but  on  the 
lejft  kandf  when  the  $tarboard  taeks  are  aboard ;  the  person  making  the  allow- 
aace  beihg  supposed  to  be  looking  towards  the  point  of  the  compass  the  ship 
is  salting  upon. 

EXAMPLES. 

riwim  iieerod.  Wind.  Lee-wuy.  True  coune. 

ILW.  K.  N.  E.  1  point.  K.  W.  by  W. 

E.M.B.  North.  2  Emi. 

B.&K.  8ooUi.  1  £.b7B. 

W.bjrH.  N.lwW.  k  W.fN. 

, B.irE.iE.  8.E.  3  N.E.JN. 


W.  k  w., 

3  N.E. 

f  6cetlieiiMeB«>eeil^  Digitized  b/L^^^^.v 
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When  the  variatioa  and  lee-way  are  both  to  be  allowed  on  a  course,  yoa 
may  do  it  at  once,  by  allowing  their  sum  when  they  are  both  the  same  way, 
or  their  difference  when  the  allowance  is  to.be  made  in  different  ways,  takJn|p 
care  to  make  the  allowance  in  the  same  way  as  the  greater  quantity  ought 
to  be,  whether  it  be  the  variation  or  lee-way. 

EXAMPLE  L 
A  ship  iteen  W.  by  N.  with  her  l«rt)oaitl  ucks 
aboanl,  and  nukM  one  point  lee-way,  there  be- 
ing two  poinU  westerly  rarlatlon ;  required  the 


true  coone? 
I.«e*way  to  the  rigbi  hand  ' 
Variation  to  the  left 

DUTerenoe  allowed  to  the  left 
Wlience  the  course  is  west. 


1  point 

2  jfoiats 


1  point 


EXAMPLE  n. 
A  ship  steen  E.  8.  E.  with  her  stariwafd  taciks 
aboard,  and  malies  two  poinU  lee-way,  theve  b«« 
ing  one  point  westerly  variatioq ;    required  the 
true  course  I 

Lee-way  totheleft  l^-pdinls 

Variation  to  tlie  left  1  point 


Bum  allowed  to  the  left 

Wnence  the  course  is  £.  bgr  N. 


a  pobtts 


In  a  violent  gale,  with  a  head  wind  and  heavy  sea,  when  it  would  be  dan- 
gerous to  carry  sail,  it  is  usual  to  lie  to  under  sufficient  sail  to  prevent  the 
vessel  from  roiling  so  much  as,  to  endanger  the  masts  and  rig|t;iiig.  Whkea  a 
ship  is  lying*to,  the  tiller  is  put  over  to  leeward,  and  when  the  ship  has  head- 
way, the  rudder  acta  upon  her  to  bring  her  to  the  wind ;  the  ship  then  loses 
her  way  in  the  water,  which  ceasing  to  act  on  thfe  rudder,  hel^  head  falls  off 
from  the  wind,  and  the  sail  which  is  set  fills  and  gives  her  fresh  way  through 
the  water,  which  acting  on  the  rudder,  brings  her.  head  again  to  the  ^vind. 
Thus  the  ship  is  kept  continually  filing  off  and  coming  to.  In  this  case, 
you  must  observe  the  points  on  which  she  comes  up  and  falls  off,  and  take 
the  middle  between  the  two*  points  for  the  apparent  course,  from  which  al- 
low the  variation  and  lee-way,  and  you  will  Obtain  the  true  course. 

EXAMPLE. 

A  ship  lying-to  under  her  mainsail,  with  her  starboard  tacks  aboard,  comes 
up  E.  by  S.  and  falls  off  N.  E.  by  E.  there  being  one  point  westerly  varia- 
tion, and  she  makes  5  points  lee-way— *what  course  does  she  make  good  ? 

The  middle  between  E.  by  S.  and  N.  E.  by  E.  is  E.  by  N. ",  and  by  allow- 
ing 6  points  to  the  left  hand  (viz.  5  for  lee- way  and  1  for  variation)  the  true 
course  will  be  obtained  N.  by  E. 

To  exercise  the  learner  we  shall  add  the  examples  of  correcting  f6r  varia- 
tion and  lec-way  contained  in  the  following  Table. 

THE  TABLE. 


N. 


W.4W. 

w. 

W.8.W. 

W. 

W.  byN. 

&  W. 


If  the  ahip  has  been 
acted  upon  by  a  currentlOourses  steerad. 

or  a  heaTB  of  the  sea, 
you  must  allow  the  set 
and  drift  as  a  course  and 
distance  in  the  Trarerse 
Table,  as  directed  in  p. 
819. 

Having  eorrected  the 
courses  for  lee-way  and 
variation,  and  estimated 
the  distances  sailed,  the 
latitude  and  longitude 
in  at  noon  are  to  be 
found  by  either  of  the 
preceding  methods  of 
sailing.  The  latitude 
and  longitude,  thus  cal- 
culated, are  called  the 
latitude  and  longitude 
by  dead  reckoning,  and 
if  the  real  course  and 
distance  made  good  by 
the  ship  could  be  esti- 
mated accurately  by  the 
compass  and  \o%^  no- 
tUag  more  would  be  necessary 


s. 

s.  8.  w. 

8.W. 

w. 

W.  byN. 

B. 
E.  by  8. 
E.  N.  E. 

E. 

E. 


8. 
E.S.  E. 
W.8.W. 
W.  by  N. 

N.  W. 


8. 

N.by  E. 
M.  W.  by  S. 
N.W.  byW. 

W-hyS. 


.  Wlads. 


N.  N.  E. 

N  .N.  W. 

8, 
8.8.W. 
N.byW. 
W.  N.  W. 


W.8.W. 
W. 
N.W.hyW. 
8.  8.  W. 
N.byW. 
£.  a.  E. 


N. 
8. 


£.  8.  £. 

N.  E. 

8. 

6.  W.  by  8. 

W.8.W. 


W.  S.  W. 
N.  W.by  W. 

W.  by  S. 

N.  tiy  E. 
N.W.by  N. 


way 
points  poiDU 


W. 

li  w. 
u  w. 
i{  w. 
I*  w. 
1^  w. 
i}  w. 
li  w. 
l{  w. 
li  w. 


i|  w. 
1)  w. 
1*  w. 

If  w. 
t«  w. 


*  E 

I  E. 

1  E. 

ik  E. 


Ooones  OQiceded- 


8.C 

8.7W. 
SLliW. 


S.S.  E. 

SiE. 

B.  8.  W.  i  1 

S.|W. 

K,hTN. 

E.K.E.*E. 

E-iN. 
E.M.E.IE. 


W.i_N. 
W.8.W.I  W. 


8.lnrE.iK. 

£.|S. 
8.  W.  bj  W. 

W.iN. 
N.  W.  I W. 


fi.iE. 
N.  N.E.}E« 
N.»W. 
N.W.br#.iW^.     I 


to  detcnnine  the  ship's  place  at  any  tine;  hut  bj 

uiyiuzi3;u  uy  ■%_j  v^ v_>' pt  iv^ 
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reason  of  the  Tarious  acddents  that  attend  a  ship's  way,  such  as  heave  of 
the  sea^  unknown  currents,  different  rates  of 'sailing  between  the  times  of 
heaving  the  log,  sudden  scjualls,  improper  allowance  for  lee-way  and  varia- 
tioa,  the  hitiCude  and  longitude  of  the  ship  as  deduced,  from  the  reckoning, 
win  frequentljf  differ  from  the  latitude  and  longitude  by  observation.  In 
tins  case  it  will  be  proper  to  re-examine  the  calculation  to  see  whether  a 
jnrt  ^illbWBiicte  has  been  made  for  lee-way,  variation,  bad  steerage,  drift  of 
the  sea,  error  of  the  log-line  and  glass,-  kc.  since  it  will  sometimes  be  found 
that  a  different  and  more  probable  estimate  of  some  of  these  quantities  will 
make  the  dead-reckoniqg  agree  more  nearly  with  the  observations.  Before 
tiie  method  of  finding  the  longitude  by  lunar  observations  was  introduced, 
the  mariner  had  no  other  observation  to  be  depended  on  except  his  latitude, 
and  it  was  then  usual  to  make  allowances  for  supposed  errors  in  the  courses 
and  distances,  so  as  to  make  the  latitude  by  observation  and  deadnreckoning 
agree.  The  method  made  use  of  by  Robertson,  Moore,  and  others,  was  di- 
vided into  three  cases,  vis. 

CASE  I. 
"When  the  course  was  within  three  points  of  the  meridian,  the  error  was 
supposed  to  be  wholly  in  the  distance,  on  the  principle  that  it  would  require 
a  greater  error  in  the  course  to  cause  the  given  error  in  the  difference  of 
latitude  than  could  W  supposed  probable  to  have  been  committed.  In 
this  case  the  corrected  departure,  kc  were  found,  with  the  course,  by  dead- 
reckoning,  and  the  difference  of  latitude  by  observation,  as  m  Case  IV.  of 
Middle  Latitude  or  Mercator's  Sailing. 

CASE  U. 

"When  (he  c6urse  was  between  three  and  ^re  points  of  the  meridian,  the 
error  was  supposed  to  be  part  on  the  course  and  part  on  the  distance.  In 
this  case,  the  corrected  departure  was  taken  equal  to  the  mean  of  the  depar- 
ture by  dead-reckoning,  and  the  departure  which  corresponds  to  the  dis- 
tance by  dead-reckoning,  and  the  difference  of  latitude  by  observation.  With 
the  corrected  departure,  and  the  difference  of  latitude  by  observation,  the 
course,  fus.  were  found  as  in  Case  11.  of  Middle  Latitude  or  Mercator's 
Sailug. 

CASE  III. 

When  the  cour^  was  more  than  five  points  from  the  meridian,  the  error 
was  supposed  to  be  wholly  on  the  course,  on  the  principle  that  it  would  re- 
quire a  greater  variation  in  the  distance  to  make  the  dead-reckoning  and 
observabon  agree,  than  could  be  supposed  probable,  whereas  it  could  require 
but  R  small  change  in  the  course  to  produce  the  sought  effect.  In  this  case, 
the  corrected  departure,  kc.  were  found,  with  the  distance,  by  dead  reckon- 
ing, and  the  difference  of  latitude  by  observation,  by  Case  V.  of  Middle  La- 
titude or  Mercator's  Sailing.       ^ 

This  method  was  given  in  the  former  editions  of  this  work,  in  conformity 
to  custom,  though  I  was  decidedly  opposed  to  making  such  corrections, 
being  convinced  that  the  difference  between  the  dead-reckoning  and  obser- 
vation is  more  owing. to  unknown  currents  than  to  errors  in  the  courses  and 
distances  g^ven  by  the  log.  Even  admitting  the  principle  that  an  arbitrary 
correction  of  this  kind  is  proper,  the  preceding  method  does  by  no  means 
appear  to  be  the  most  probable.  To  show  this,  let  us  take  the  following 
example. 

Suppose  the  course  by  dead-reckoning  to  be  33^  44'  5^\  the  distance  by 
the  log.  100  miles,  and  the  difference  of  latitude  by  observation  73.1  miles. 
This  comes  under  Case  I.  and  the  error  must  he  placed  wholly  on  the  dis- 
tance, which  is  to  be  found  with  the  course  33^  44'  59''  (or  3  points  bearly) 
and  the  difference  of  latitude  73.1,  so  that  the  corrected  quantities  are  nearly 
by  Table  I.  course  SaP  44'  59",  distance  88,  and  departure  48.8.  Now  by 
altering  the  course  two  seconds,  making  it  33^  45'  1^',  still  retaining  the  dis- 
tance by  dead  reckoning  100  miles,  and  the  difference  of  latitude  by  obser- 
vation 73.1,  the  example  will  come  under  Case  II.  and  tJ|^,Jorrec^^  J«>pr- 
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ture  is  the  mean  of  the  departure  hv  dead-reckoning  55.6,  and  liiat  eorre* 
spending  to  the  distance  100,  and  the  difference  of  latitude  by  observatioa 
73.1 ;  namely  68.2,  so  that  this  comecfeof  departure  is  61.9  miles,  with  which 
and  the  difference  of  latitude  by  observatioo  73.1,  we  obtain  the  corrected 
course  40^  1 5'  and  the  distance  96.  Thus  we  see  that  by  altering  the  couese 
by  dead  reckoning  only  two  seconds^  the  corrected  course  varies  jfrom  89^ 
44'  59"  to  40^  15'  or  above  6  degrees,  and  the  departur/s  varies  from  46.8  to 
61.9,  both  of  which  are  highly  improbable.  Thb  defect  of  the  nde  evidently 
arises  from  the  sudden  change  of  the  method  when  the  course  is  near  3  op 
5  points ;  it  being  much  more  probable  that  the  variatipns  take  place  bj 
small  degrees,  in  such  manner  that  when  the  course  by  dead^reckoning  is 
exactly  on  the  meridian,  the  error  ought  to  be  in  the  distance,  and  when  the 
course  is  8  points  from  the  meridian,  the  error  ought  to  be  in  the  course,  an4 
at  intermeoiate  courses  the  errors  in  dbtance  ought  to  be  greater,  the  nearer 
the  course  is  to  the  meridian,  and  the  errors  in  the  course  greater,  the  far- 
ther it  is  from  the  meridian.  Both  these  objects  are  attained  in  a  very  sim- 
ple manne]^  in  the  method  proposed  by  the  ingenious  methematician.  Dr. 
Adrian,  late  Professor^  of  Mathematics  and  Natural  Philosophy  in  Co- 
lumbia College,  N^w-York,  which  is  some^at  similar  to  my  method 
of  correcting  a  survey.  His  tnethod  cnnsista  in  finding,  with  the  difference  »f 
latitude  by  o6«erva£um,  and  Me  departure  by  accounir  ^  corrected  course,  dis* 
tanccj  and  difference  of  longitude  by  Case  JL  of  Middle  Latitude  or  Mercator's 
Sailing,  so  that  no  correction  wht^tever  is  made  in  the  departure.  The  pro- 
priety of  this  method  will  appear  evident  by  observing  that  a  change  In 
the  departure  can  have  no  tendency  whatever  in  correcting  an  error  In  the 
latitude,  and  there  can  be  no  reason  given  why  such  change  should  be  made 
to  tiie  eastward  rather  than  to  the  westward,  since  it  is  supposed  that  all  the 
allowances  for  heave  of  the  sea,  falling  off  the  course,  variation,  error  of 
the  log,  &c.  have  been  previously  taken  into  the  calculation,  and  it  seems  to 
be  contrary  to  sound  reasoning  to  vary  any  of  the  elements  when  it  itill  not 
serve  to  correct  the  known  error  of  the  latitude,  particularly  when  there 
can  be  no  reason  given  why  the  change  should  be  made  in  one.  direction 
rather  than  another.  In  addition  to  this,  the  proposed  method  is  not  tiable 
to  the  inconvenience  of  a  sudden  change  in  toe  rules  when  the  course  is 
near  3  or  5  points.  It  has  also  another  advantage  with  respect  to  simpli- 
city of  calculation  arising  from  the  circumstance  that  the  corrected  differ- 
ence of  longitude  is  nearly  the  same  as  the  difference  of  longitude  by 
dead-reckoning.  For  the  departure  is  not  varied  by  tbe  rule,  and  the  mid- 
dle latitude  differs  rarely  more  than  a  few  minutes  on  account  of  the  dif- 
ference between  the  latitude  by  observation  and  account,  so  that  in  keep- 
ing a  journal  it  will  not  be  necessary  to  make  any  change  in  the  longitude  by 
de^d-reckoning,  even  if  you  have  not  had  an  observation  for  several  davs.. 
To  illustrate  tbas  method  I  shall  give  the  following 

EXAMPLE. 

Yesterday  at  noon  we  were  in  the  latitude  of  39^  18'  N*  and  by  an  obser- 
vation at  noon  this  day  are  in  the  latitude  of  37^  48'  N*  our  d6ad-reckoning 
gives  107  miles  southhig  and  64  miles  westing.  Required  the  course,  dis- 
tance, and  difference  of  longitude  ? 

With  the  difference  of  latitude  by  observation  90  miles  (the  diffeteiice  of 
37^  48'  and  39°  18')  and  the  departure  by  dead-reckoning  64  miles,  I  find  by 
Case  II.  of  Mid.  Lat.  Sailing,  the  course  nearly  35^,  and  the  distance  110 
miles ;  and  with  the  middle  latitude  by  observation  38^  33',  and  the  depar- 
ture 64  miles,  I  find  the  difference  of  longitude  to  be  82  miles.  If  the  mid- 
dle hitIt^de  by  dead-reckoning  380  41'  had  been  taken,  the  result  would  have 
been*  nearly  the  same. 

.  If  you  hive  not  had  an  observation  several  days,  and  then  find  an  error  in 
the  latitude  by  account,  you  may  on  these  principled  correct  the  latitude 
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on  the  iotormediate  days,  by  saying,  aa  the  ma  of  all  ihedisi(mee$  ioiledj 
smct  the,  jttat  observation,  is  to  JU  whole  ^rror  in  the  tcOitudty  so  i$  the  sum 
of  pie  distancos  soiled  frotn  the  tikte  of  talcing;  the  first  observation^  to  the  noon 
of  a^  parUcMlar  daif\  to  the  correction  of  the  latitude  by  dead-reckoning  on  that 
day^  Southerly  if  the  iasl  latitude  by  (^>servation  is  soutK  <\f  the  latitude  by, dead- 
reckoning',  otherwise  riortherlj^.  Th"s»  if  Ac  latitudes  by  dead-redconing  at 
naoD,  on  four  sueces^vedaya,  were  41^0',  41^  30V4ftO  0\  4S^  0\  the  latitude 
by  obserTatioh  on  the  first  day  41^  Oj.and on  the  last  daT  4S^  15';  differing 
15  miles  from  the  latitude,. by  9£couHt.;  the  distances  aalfed  by  the  log,  on 
the^thr«e  days  respectively,  30,  90,  and  105  miles ;  we/nust  aay,  as  the  whok^ 
mxm  ot  t^e  distances  $t^5  milej^ris  to  the  error  of  the  latitude  15  miles,  so  is 
the /iirst  dista,nce  dO,  to  the  corpection  of  ike  second  latitude  2',  jmd  so  is  the 
sum  o^^O  and  90  (s^i^O)  to^tbe  coiTcctif»n<Qf  the  third  latitude  8',  so  that  the 
corrected  latitudes  wiU  be  il  ^0',  41©  3#  -f  ^'=4^0  32'»429  a'+8'=s4£0  8'  and 
49^  15'iand  the  corrected  dJlTereuces.o/  {atitudcon  4^e  successive  days  will 
be  $^,39',  aiKl  BTiwkh  which  and  the*  departure  by  dead-reckoning,  the 
cQrref^dcouMQs,  distances,  kc.  on  each  day  may  be  found,  if  thou|^t  ne- 
cessary ;  but  as  thi^A^prf  eeted  k>Agitude  is  not  sensibly  altered  by  any  of  these 
corrections,  it  appears  to  be  in  gt^teral. wholly  iinneoessary  to  mak^  any  al* 
^teratkm  \n  the  Joiitq^  on  this  accaunt.  Butjf  itbe  thoiight  proper  to  notice 
these  correctiods^m  plottiog  ofT^tbetrBek  of*  a  ship,  it  will  be  necessary  first 
to  plot  off  the  coiirsQS  fan^  O.  R.  anid  then  to.  place  tlie  points  arrived  at,  at  the 
'€jiid  of  HCh  day*  asrittttdi'to  the  iM>hhjDr  9<^4»  of  the  places  by  D.  R.  as  will 
make  tire  tatitud<B  of  those  points  agree  wRh  the  corrected  latitudes  found  by 
tibe  above  mlc. "  •     v  .         /    ,    . 

The  latiti^da  and  longitude  -by  dead-reckoning  being  f*und  by  the  prAced- 
ing  methods  r^  thence  may  be  determined  ihe  bearing  and  distance  of  the 
pface  of  destination  { *but  *when  the  mariner  is  fearful  that  his  longitude  by 
account  Is  inaccurate,  and  he  has  no  kinar  ohservattions  to  correct  it,  he  must 
get  into  the  latitude  of  the  place,  and  (if  possible)  run  east  or  west  according 
io  Bis  situafion,  and  th%  preTaifing  slate  of  the  winds. 

We  have  now,  given  all  the  rnles  necessary  for  working  a  day*s  work  and 
for  the  cDtiVenitnce  of  the  4earner  (to  enable  him  to  refer  t9  them  ea8ily)-we 
•have  here  coUeeted  them  in-the  s^ven  following  articles. 

Rules  fof  working  a  day^s  work. 

1.  Correct  the  several  courses  sailed*  for  variation  and  lee-way,  and  enter 
them  in  a  trav^rsertable,  and  opposite  to  each  course  place  the  distance  run 
oathat  c6urse,  found  by  summing  up  the  knots  and  fathoms  sailed  by  the 
ship  oa  that  course.  Find  rn  Tahlel.  or  IF.  the  difference  of  latitude  and  de- 
parture corfe%pnding  to  each  course  and  distance,  and  set  them  in  their  re- 
apectiv^  columns :  then  the  difference  between  the  sums  of  the  northings  and 
southings  wiH  be  the  difference  of  latitude  made  good,  of  the  same  name 
with  the  greater ;  and  tbd  difference  between  the  sums  of  the  eastings  and 
westings  will  be  tlie  departure  made  good,  of  the  same  name  with  the  great- 
er quantity. 

2.  Seek  in  Talfle  f.  or  11.  until  the  above  difference  of  latitude  and  depar- 
ture are  found  together  in  their  respective  columns;  opposite  to  these  will  be 
the  distance  made  good,  and  at  the  top  or  bottom  of  the  page,  according  as 
the  departurii  is.  Ies9  oi  greater  than  the  difference  of  latitude,  will  be  found 
the  course. 

3.  If  the  latitude  from  which  the  ship's  departure  is  taken,  or  yesterday's 
latitude,  be  of  the  same  name  as  the  difference  of  latitude,  add  them  together ; 
but  if  of  different  names,  take  their  difference ;  the  sum  or  remainder  wl|l  be 
the  present  latitude,  of  the  same  name  aS  the  greater. 

'    4.  Find  the  middle  latitude  between,  the  latitude  of  yesterday  and  tiiis 

*  The  wt  and  drift  of  a  carrent  Of  there  be  any)  to  to  be  reckoned  ai  a  coarre  and  dlftanee,  and  on 
the  firftdior  after  Iwin;  sl^ht  of  Ibe  land  the  bearing  nod  dUtnnce  of  it  are  tp  be  taken  Into  account.  ^ 
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4ay,  wldch  take  as  a  course  in  Table  IL  and  fleek  for  the  departure  in  the  co* 
lumn  of  Diff'  Eat.  then  will  the  distance  correspondiogt  he  the  differenre  of 
longitude,  of  the  same  name  as  the  departure. 

5.  If  the  longitude  in  yesteiHlaj  he  of  the  same  name  as  the  diiference  of 
longitude,  add  them  together ;  but  if  of  different  nanies,  take  their  difference ; 
the  sum  or  remainder  will  be  the  long,  in,  of  the  same  name  as  the  greater. 

6.  If  a  lunar  obsevFatlon  were  taken  at  any  time  of  the  day,  you  must  find, 
by  the  above  method,  the  difference  of  longitude  made  since  taking  the  ob- 
servation for  regula^ng  the  watch',  and  thence  the  16nj;itude  in  at  noon  by 
that  observation,  and  enter  it  in  the  Journal  as  the  lopj^itude  by  observatloii. 

7.  Find  on  a  genera]  chart  the  spot  corresponding  t^  the  latitude  and  lon^ 
gitude  by  observation,  and  that  place  will  represent  the 'situation  of  the  ship, 
whence  the  bearing  and  distance  of  the  intended  port  may  be  found,  '^e 
same  may  be  obtained  by  middle  latitude  sailing,  by*  inspection  of  Table  IL 
thus:  Find  the  middle  latitude  between  the  place  of  the  ship  and  the  pro- 
posed place,  and  seek  for  that  latitude  as  a  course  in  Table  II.  i^id  find  in  the 
corresponding  paee  of  the  Table,  the  difference  of  longitude  (between  the  ship 
And  the  proposed  place)  In  the  distance  column,  oppoeitef  to  which,  in  the 
latitude  column,  will  be  the  departure*  d^k  in  Table  L  for  this  departote 
and  the  difference  of  ktitade  (betweeii  the  ship  and  .the  proposed  place)  tiU 
they  are  found  to  agree,  corresponding  thereto  will  be  tne  bearing  and  dis- 
tance required.  If  &e  magnetic  btoitegbe  'required,  the* variation  •must  be 
allowed  on  the  true  bearing ;  to  the  right  habd  if  the>  varintioD  is  westerly,  or 
to  the  lejft  hand  if  easterly.         ^' 

We  shall  now  proceed  to  exemplify 'the  ab#ve  rufes ;  first  by  a  few  etxoof 
pies  of  separate  day's  works,  andUien  by  a  Journal  (torn  Boston  to  Madeira, 
Kept  in  the  usiml  form.  '     ^    ' 
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EXAMPLE  I. 


Yesterday,  at  noon,  we  wiefe  in  the  latitude  of  48^  £1'  N.  and  ih^  longitude 
of  56^  £8'  W.  and  have  oafled  till  this  day  al  noon,  as  per  log-board ;  required 
the  course  and  cUstance  made  good,  with  the  latitude  and  longitude  in  ? 


•      LOO-BOAftD. 

•Winds.- LW 


flraciF 


Courses. 


Remarks. 


S 

4 

6 

8 

10 

IS 

2 

4 

6 

8 

10 

1£ 


S,W.  byW.|W 


N.  W. 


S.W.JW. 


S.W.  iS. 


W.N.W 


These  94  hours  inodeiate  gales 

and  cloudy  weather. 
At  4  p.  M.  spoke  ship  Washing 

ton,  from  New-York,  bound  to 

Cork. 


At  6  A.  M.  stowed  the  anchors  and 
unbent  the  cables  and  coiled 
them  between  decks. 

Variation  %i  points  westerly.* 


TRAYERSE    TABLE.                       | 

Courses. 

Dist. 

N. 

s. 

E.  .  W.  1 

B.  W.  i  8. 
SSW.  i  W. 
SbyWiW 

49 

39 

£7 

33.2 

34.4 
£5.8 

£7.3 

18.4 

7.8 

Diff. 

Lat  93.4 

Dep.  53.$ 

Bj^  examining  the  log-board  it  ap- 
pfiars  that  the  ^ip  goes  large  and 
makes  no  ke-wa^ ;  therefore  by  al- 
lowing tiie  yanation  on  each  of  the 
courses,  they,  will  stand  as  in  the 
a^oiiied  tVaverse  Table.  Then  the 
distances  mariced  on  the  log-board 
must  be  summed  up  and  doubled,^; 
cause  .marked  onfy  for  every  two 

hours.t    lo  JiUowing  ibr  the  knots, ^ 

you  must  reckon  13  to  a  mile;  and  when  the  tenths  are  above  5,  you  must 
add  on^  mije  to  the  distance.  Having  found  the  distances  you  must  find  the 
correspotiding  differences  of  latitude,  and  departures,  in  Table  I.  or  IL  and 
then  with  the  whole  difference  of  latitude  and  departure,  find  the  course  and 
distance  made,  good,  and  th^  Terence  of  longitude,  by  Case  II.  <^  middle 
latitude^  aailhig. 

In  the*  present  example,  the  diff'erence  of  latitude  is  93'=  lO  33'  S. 

Yesterd^y*»  latitude  .        .        •  *       48    £1  N. 

^    The  difference  is  the  latitude  in  .        46    48  N. 

Sum  of  latitudes      .  •        95      9 

Middle  latitude r   .    *^    ^^ 

With  the  difference  Of  latitude  made  good  93.4  S.  and  the  departure  53..^ 
W.  I  enter  Table  II.  and  fiqd  they  correspond  nearly  to  a  course  of  S-  30«> 
W.  and  disUnce  108  miles.  Then  with  the  middle  hititude  47©  84'  or  48^  I 
enter  Table  II.  and  find  the  departure  53.5  in  the  lat  eohunn,  opposite  to 
which,  in  the  distance  fsolumo,  is  thediff-  of  long.  80'        =        1©  tC  W. 


.  Longitude  left 
Sum  is  the  longitude  in 


88    28  W^ 
87     48  W- 


»  As  thwu  exampki  wew  giTcn  ooly  to  lUustmte  Uie  rnlea,  we  Imw  not  te« 
ibte  tra*  variattoD. 


4  In  India  voyafes  it  i«  cmtomarf  to  mark  the  lac^boanl  «^wy 
marked  oo  the  lofbf  inj  pxtiuninX  up,  wOt  be  tke  trda  dbtasce  wUcd. 


boor)  IB  t]ialcMP,tk« 
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EXAMPLE  II. 

YesterdaV  at  nooa  we  were  in  the  latitude  of  35*^  46'  N.  and  the  longitude 
of  17^  411'  W.  and  have  sailed  till  this  noon  as  per  log-board  :  required  the 
latitude  ^d  lon^tude  in,  and  the  bearing  and  distance  of  Gape  St.  YDltent  ? 


IiOO-BOARD.                                                                                  1 

H 

K. 

F. 

Coui-sts, 

Wintii!. 

LWw 

Remarks. 

I 

6 

6 

S.byE.iE. 

S.  W.  4W. 

H 

These    24  hours    moderate   gales 

2 

6 

6 

• 

and  cl^r  feather. 

3 

5 

8 

♦ 

4 

5 

8 

& 

5 

8 

6 

5 

8 

7 

5 

8 

8 

5 

8 

9 

5 

S.S.E. 

s.  w. 

ih 

'       ■ 

10 

5 

• 

U 

5 

2 

At  8  A.  'M.  siiw  a  ship  to  wind- 

12 

b 

2 

^-    . 

ward,  steering  east. 

1 

5 

3 

■ 

•" 

2 

5 

^ 

"■ 

' 

3 

5 

5 

S.S.E.iE. 

S.W.byS.iW. 

14 

4 

» 

5 

5 

fr 

b 

^ 

6 

5 

b 

7 

5 

5 

- 

8 

5 

5 

9 

» 

6 

S.E.byS. 

S.  W.  by  S. 

14- 

10 

5 

6 

, 

11 

5 

4 

v                         '       .      , 

It 

5 

41 

Vanatioo  J  point  easterly. 

The  courBes  being  corrected  for  lee-way 
and  variitioii,  and  the  distances  summed  up 
(but  not  doubled  since  the  log-board  is  mark- 
ed for  eveiy  hour)  t^I  stand  as  in  the  ad- 
joined  Traverse  Table.  Hence  the  differ- 
ence of  latitude  made  good  is  105.4  S.  and 
the  departure  81.7  £.  consequently  the 
course  is  S.  38^  £.  an&the  distance  133 
mflei  nearly. 


.        TllAVKRSE    TA^LE.                         | 

Courses. 

Dist 

•N.- 

.s. 

E. 

w. 

S.S.EIE. 

S.E.  1  S. 
S.E^i  S. 
S«  E.  i  E. 

48 
31 

33 

.22 

41.2 
24.9 
24.5 
14.8 

24.7 
18.5 

22.2 
16.3 

Diff.Lat.. 105.4 

81.7  Dep. 

Latitude  left 
Diff.  oflat 

Latitude  in 
Sum  of  lats. 
Middle  lat 


350  4fl'N. 
1    45  S. 

34      1  N. 
69    47 
34    53 


With  the  middle  latitude  34°  53^  or  35°, 
and  the  departure  $1.7,  the  difiT.  of  long,  is 
found  to  be   100  miles:^    1°  40^^ 

LoDgUudeleft  17    42  W. 


Longitude  in  1^      2  W. 

To  fini  the  bearing  and  distance  of  Cape  St  Vincents. 
Latitude  in  34°    I'N.        Mer.  parts    2173        Long,  in 


C.St  Vincent's  lat  37      1  N. 


DOT.  of  lat 


parts 
Mer.  parU    2394 


3      0=180'    Mer.  diff.  lat  221 


Long,  in 

C.  St  Vin.  Ion, 


16°  y  w. 
9    2W. 

7    0=420^ 


To  find  the  hearing. 
Af  mer.  diff.  lat  221       log. 
IstofadhM       450 
89  is  diff.  long.        420    log. 


DiC  long. 

BY   LOGARITHMS. 

To  find  the  distance. 
I  As  radius  45"^  10.00000 

I  Is  to  prop.  diff.  lat     190  2.25527 

i  So  b  secant  course  62°  15'  10.33197 


2.34439 

10.00000 

2.62325 


To  tang,  course    62915'  10.27886  iTo  the  distance  386.6  2.58724 

Hence  the  bearing  of  Cape  St  Vincents  is  N.  62^  15^  E.  and  distant  386.6  mUes. 
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EXAMPLE  III. 

Suppose  that  at  the  end  of  the  sea  day,  Mar4!h  10,  1824,  we  were  in  the 
latitude  of  43^  S4'  N.  and  the  longitude  of  ft50-£.  ^nd  have  sailed  till  next 
noon  as  per  log-board;  required  the  latitude  and  longitude  in,  and  the  varia- 
tion of  the  compass  ? 


LC>0-BO^nt».                                                                     1 

H 

K, 

F. 

Courses^ 

Wind^. 

L,\V 

HeiUcirkiv 

2 
4 
6 
B 

la 

IS 

9 

4 

e 
to 

4 
4 
4 
4 
4 
4 
3 
3 
^ 
3 
5 
S 

5 

& 
5 

w.s.w. 

South. 

These  £4  bfnirs  mtMli>r(itt'  jc&les,  fourid  a 
smatt  ciirn-Qt  si'tUni^  N^  E.  ^t  ||ie  r^te 
ofont;  mile  in  4  hours. 

5 
fi 

^ 

SWbyW 

S.  by  E. 

At  ft  A.  51*  mn"%  m^y^mXk  orJmtith  N- 
XIU^  VJ  K*  Alt,  of  0^*  L.  L.  IB'3  40' i 
cofR-Hion  for  dip  and  HemUcUamr^tcr, 

irftdilitive. 

in  calculating  the  Tarifttioa  iDrom  Ihc  above  oUeenntioo,  it  U  TH?ce*?iary  t«  fuidlhc  ilet- 
linaiJOn  and  latitudl  at  tbe  lime  of  obiicnratian.  Tlie  Tormer  at  noon  ending  tli«  aea^afy 
March  11,  1824,  was  3^  36'  S.  by  Table  IV.  the  correction  for  the  long.  35"^  E.  is+S'  liT  ; 
and  for  the  tone  tram  noon  4h.  i8-(-3^  5l",  therefore  the  whole  correction  \b  neofly  6', 
which  added  to  3^  sy  gives  the  declination  at  the  time  of  observation  3^  42^  S.  conae* 
qaently  the  polar  distance  93^  42^.  To  find  the  latitude  we  roust  see  by  the  log-board 
What  courses  and  distances  the  ship  has  sailed  from  noon  to  the  time  of  observation  at 
8  A.  M.  viz.  W.  S.  W.  ^  miles,  and  S.  W.  by  W.  19  miles ;  the  current  setting  in  the 
aame  time  N.  £.  5  miles ;  these  courses  must  be  corrected  for  one  point  westerly  voria- 
tioQ,  which  is  found  to  be  nearly  its  value,  by  a  rough  calculati;»n  made  with  the  latitude 
|n,  the  preceding  nooo ;  and  by  arranging  these  courses  and  distances  in  a  traverse  table, 
we  fina  that  the  difference  of  latitude  made  good  at  8  A.  M.  is  about  41  miles,  conse- 
quevtly  the  latitude  in  at  the>time  of  observation  is  nearly  42^  53'  N.  the  observed  alti- 
tude of  the  sudVL.  L.  is  18^  40^;  the  correction  for  dip  and  scmi-diameter-fl2',  and 
die  refraction  by  Tabl^  XU.— 3'  nearly,  consequently  the  sun^s  correct  altitude  is  IfiP  49'. 
With  these  data,  the  true  azfanuth  is  calculated  as  in  page  113. 
Polar  dist.     98°  42' 


Latitude 
Altitude 

Sum 
h  Sum* 
Polar  dist. 

Remainder    1(S 


4£ 
18 

59 
49 

155 

i4. 

77 
93, 

42 

42 

Secant 
Secant 


0.13505 
0.02385 


Co-sino  9.32844' 


Co-sine   9.98284 
Sum       19.470T8 


Half  sum  is  log.  co-sine  57^ 


5' 
2 


9.73509 


10  E. 

19  f:. 

9  W.  or  nearly  1  point. 


TRAVERSE  TABLE. 


Courses. 


Dist 


S.W.byW. 
S,   W. 

N.E.byN, 


N. 


True  azimuth        N.     114 

Mag.  azimuth        N.     125 

Variation  1 1 

The  Tariation  being  allowed  on  all  the 
courses,  and  on  the  set  of  the  current,  and 
the  distances  being  summed  up,  the  traverse 
table  will  be  aaa^oined :  and  the  diflerence 
of  latitude  made  good=49.8  S.  departure 
=67.5  W.  Hence  the  course  made  good 
S.  63jo  W.  and  di8tance=84  miles.  And 
by  subtracting  the  diflerence  of  latitude  50' 
from  latitude  left  43°  34',  there  remains  the 
latitude  m  42<^  44'  N.  Hence  we  have  the 
middle  latitude  A2f^  9',  with  which  and  the 
departure  67.5,  the  diflerence  of  longitude 
is  92'  or  lo  32'  W.  nearly:  und  by  sub- 
tracUng  it  from  the  longitude  led  35^  E.  we  have  the  longitude  in  3i^  28'  E, 


58 

32 

6 


5.0 


5.0 


32.2 
22.6 


54.8 
5.0 


Diff.  Lat.  49.8 


3.3 


W. 


48.2 

22.6 


3.3 


70.8 
3.3 


Pep.  67.5 
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METHOD  OF  BEEPING  A  JOURNAL  AT  SEA. 


EXAMPLE  IV. 

Yesterday  at  noon  we  were  in  the  lat.  of  40P  IS'  N.  and  in  the  long,  of  67^ 
58'  W.  and  have  sailed  till  this  tioon  as  per  log-book ;  required  the  bearing 
and  distance  of  Cape  Cod  ? 


LOG-BOARD. 


H  K  F,  Courses. 


Winds. 


LW 


Remarks. 


1 

2 

4 

6 

7 

8 

9 
10 
U 
12 

1 

2 

8 

4 

5 

6 

7 

8 

9 
10 
11 
12   4 


W.N.W. 


North. 


First  part  of  these  24  hours  light  breezes 
and  fine  weather;  latter  part  pleasant 
gales  and  cloudy. 


N.  W. 

N.W.4N. 

N.N.W. 


N.  N.  E. 
N.£.i|E. 

NEbyE 
E.  N.  E. 


Saw  greai  quantities  of  gulf  weed,  and  rock* 
weed. 


At  7  A.  M.  water  discoloured,  sounded  no ; 
bottom. 


Latitude  by  obserration  40°  52'  N. 
Variation  |  point  W.  


The  distances  are  to  be  summed 
up,  and  marked  in  the  traverse  ta- 
ble without  doubling,  because  the 
log-board  is  marked  for-  every 
hour.  By  working  this  day's  work 
like  the  others,  we  find  the  difi*. 
of  latitude  made  good=31.  6m. 
N.  and  the  dep.  40.  9a.  W. 
hence  the  course  N.  52°  W.  near- 
ly, and  distance  51  miles. 

Latitude  left  40^  19' 

Diff.  of  latitude  32 

Latitude  in  by  D.  R. 
Sum  of  lats. 
Middle  latitude 

To  find  the  bearing 

Lat  in  by  obs.        40O  52'  N. 
Lat  of  Cape  Cod  42      5  N. 


TRAVERSE  TABLE.                            | 

Courses. 

Dist 

N. 

s. 

E. 

W. 

W.  iN. 
NWbJWfW 
NWbyWiW 

N.N.W.  iW. 

15 

2 

10 

29 

0.7 

0.9 

5.1 

24.9 

15.0 
l.ft 
8.6 

14.9 

Diff.  Lat.  31.6 

Dep.   40.8  1 

40 

51 

81 

10 

40 

35 

'With  the  mid.  lat  40j|O  and  the 
departure  40.3  the  diff.  of  longitude 
is  OO  63' W, 

Long,  left  67    58  W. 


^Z    51  W. 


Long,  in 

and  distance,  of  Cape  Cod. 

Long,  in  by  D.  R.      680  51'  W. 
Long,  of  Cape  Cod  70      4  W. 


1     13=73  miles. 


41     2S 


Diff.  of  long. 


1     13=7Sm. 


Diff.  of  lat. 

Mid.  lat. 

With  the  difference  of  longitude  73  miles,  and  the  middle  latitude  41^  28V 
or  41^^,  I  find  the  depar.  54.6  nearly,  with  which,  and  the  difference  of  lat.  73 
miles,  the  bearing  of  Cape  Cod  is  found  to  be  N.  97^  W.  distant  91  miles. 

uiyiLizt;u  uy  x-j  v_/ v^ pc  i^^ 
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JOURNAL 

CMP  A  VOYAGE  FROM  BOSTON  TO  MADEIRA. 


H. 

K. 

F. 

Courses. 

Winds. 

LW 

Remarks  on  board,  Thursday,  Mar.  25, 1824. 

1 

At  noon  got  under  way,  with  a  fine  breeze 

2 
3 
4 
5 

from  the  N.  W. 

6 

7 
S 
9 

6 

5 

E.  by  S. 

N.W. 

At  8  P.  M.  Cape  Cod  light-house  bore  S. 

10 

6 

5 

. 

S.  E.  i  E.  distant  12  miles;  from  which 

11 

6 

5 

I  take  my  departure. 

1£ 

6 

5 

1 

6 

it 

6 

d 

6 

4 

6 

5 

6 

5 

6 

6 

5 

7 

6 

North. 

« 

8 

6 

9 

6 

10 

6 

11 

7 

t 

12 

7 

Variation  Jj)oint  westerly.                          ' 

Course. 

Dist 

Dim 

Lat. 

Dep 

Lat.by 
Obs. 

Diff. 
Long. 

Long, 
in. 

Bearing  and  Dist. 

N86058'] 

E    9* 

N. 

E, 

N. 

£. 

W. 

FunchalS76044'E 

fi 

f>4 

4  JO  10^ 

tor 

670  67' 

distance  2493  miles. 

Cape  Cod  bMjing  from  the  thip  S.  S.  E.  i 
£.  dwtaat  12  miles,  U  the  some  as  if  tiie  ship 
hMd  sailed  from  It  12  miles  upon  the  opposite 
or  N.  N.  W.  i  W.  point  of  the  eoropass,  and  ai- 
lovrine  for  the  variation,  it  becomes  M.  W.  by 
N.  thb  and  the  distance  12  miles,  are  to  be  set 
in  the  traverse  table  as  the  first  course  and  dis- 


The  ship  nUed  all  day  upon  an  E.  by  8. 
course  by  eompass,  which,  by  allowing  Ue  vari- 
ation Is  £.  i  S.  The  whole  distance  saUed  (or 
the  sum  of  all  the  distances)  is  101  miles.  With 
these  coarse  and  distances,  1  find  the  correspond- 
in;  dUTel^nces  of  laUtude  and  departures ;  and 
by  subtracting  the  southing  from  the  northing, 
and  the  westing  iirom  the  eastiBg,find  that  the 
diflferenoe  of  ktitude  made  good  is  5X)  N.  and 
the  departure  94.2  £.  which  correspond  to  a  course 

Lat  sailad  from,  or  Gape  Cod's  lau 
PUr.tlflat. 


TRAVERSE   TABLE.                         ) 

Courses. 

Dist. 

N. 

S. 

E. 

W 

NWbyN 
E.  iS. 

12 
101 

10.0 

5.0 

100.9 

6.7 

10.0 
5.0 

5.0 

100.9 
6.7 

6.7 

D.Lajt 

.  5.0 

Dep.  94.2 

of  JN.  860  58'  £.  and  duiauce  94  miles. 


420 
0 


Then  with  the  middle  latitude  420  m  a  course,  I 
enter  Table  II.  and  against  the  departure  94.2  (or 
94.4  which  Is  the  nearest  tabular  number)  fohnd  in 
the  latitude  column,  is  I27=tbe  difference  of  loogi 
lude  in  the  distance  column. 

Long,  from,  or  Cape  Cod's  long.         70©  4'  W, 
Diff.  Long.  3    7  £. 

Long,  hi  67    67  W. 

To  find  the  bearing  and  distance  of  Funchal. 

LaUtude  In         f^  if  N.  Mer.  parts       2795  ''    Long,  in  670  57' W. 

luncfaal'slat     82    88  N.  Mer.  paru       2073  Funcbal'sirag.  16    54  W. 


Latitude  in 


Sum  of  lats. 
Middle  laUtude 


42    10  JN. 


84    15 

42     7 


DUnofbt. 


9    32 


Mer.  diff.  lat.   782 


Diff.  I6ng. 
In  miles 


In  miles  572  In  miles  8063 

«.^''^*fe  n>f»W- diff.  lal.  722  miles,  and  die  of  long.  3063  mllet,  the  bearing  is  found  to  be  g.  760  44' 


23i 


JOURNAL  OF  A  VOYAGE 


H  K  |F-  Courses.  Winds 


E.  by  S. 


E.bySiS 


N.byE 


N.N.E 


E.  S.  E 


LW.  RemiCrks  on  board,  Friday,  March  26,  18fi4.| 


Fresli  gales  and  pleasant  weather. 

Saw  a  number  of  fishing  vessels  to  the  south- 
ward. 


At  noon  observed  the  altitude  of 

the  sun's  lower  limb   bearing 

south  50O  27'  N 

Add  for  semi-diameter,  dip,  &c.     0     12 
Refraction  being  small  is  neglected. 
Correct  altitude  50     39 

Subtract  from  90    00 


0's  2^nith  distance 
©'s  correct  declination 

Latitude  by  obserration 


Variation  |  points  westerly. 


39    21    N. 

2    22   N. 


41     43   N 


Course. 


Dist 


SeO^LV'E    162 


Diff. 
Lat. 


Dep. 


E. 

160 


Lat.bylLat.by 


D.  R. 


N. 
41043 


DiffT 
Long. 


Obs. 

N.    I    E. 
41^43' 30  35' 


Long.  in. 


W. 

64^22' 


Bearing  and  Dist. 


Fuochal  7e<=>ir  E, 
distance  2326  miles 


The  variation  being  allowed  on 
each  course,  and  the  distances  sum- 
med up,  they  will  stand  as  in  the  ad- 
joining traverse  table;  from  hence. 
by  means  of  Table  L  I  find  the  dif- 
ference of  latitude  27,5,  and  the  de- 
parture 160,0,  which  corresponds  to 
the  course  S.  80^  15'  E.  and  the  dis 
tance  162  miles.  ^> 

Yestordaj's  latitude  iSP  iV  N. 

Diff.  of  laUtude  27  S. 


TRAVERSE    TABLE 

Courses.  IDist.,    N. 

S.- 

E. 

W. 

E.  i  S.  '  42 

E.  1  S.      42 

E.S.E.IE.   79 

2.1 

6.2 
19.2 

41.9 
41.5 
76,6 

D.Lat.  27.5 

160.0  Dep,| 

Ladtade  in 

41 

43  N. 

Sum  of  latitudes 
Middle  laUtude       ' 

83 

£3 

41 

£6 

Willi  the  middle  iatituue  4 lO  ob'  or  42P  « 
<ourse,  I  enter  Table  H-  and  seek  for  ibe  depar- 
ure  160,0  in  the  latitude  colanui ;  llfte  nearest  own- 
l>er  t^)  which  is  159.8  correspoiKling  to  the  distaaoe 
15^  which  is  therefore  ilie  difl*ereoce  of  lonfricadc, 
ciualto  30  45'    E- 

Yesterday's  long.  €7    57  W. 

64    22  W. 


Long,  in 

To  find  the  hearing  and  distance  of  FunchaL 
Latitude  in        41^  43^N.  Mer.  parts    2759  Longitude  in 

Funcbal's  lat.    32    38  N.  Mer.  parta    2073  Funchal's  long. 


64°  as'  W. 

16    64  W. 


DifiT.  of  lat 


9 

60 


M.  D.  lat       686 


Dlff.  of  long. 


47    28 
60 


In  miles  545  In  miles  ?^^_. 

By  Ca»e  L  of  Mercalor's  sailing,  I  find  the  bearing  of  Fancbal  to  be  S.  IBo  IT  E.  and  ilsdistuiM 

WhISn  Ae  firo  wm  upon  the  roeridUn,  the  alUtude  of  hb  lower  Hnib  wnt  MPTl ,  to  whleh  «W  W' 
for  the  feml-dlameter,  pamllax,  and  the  dip  of  Uie  liorlion ;  the  wfrwiion,  (^^£j*U?^l^{If*i.  «iZ 
for  thU  altitude  l^eing  small,  is  neglected ;  hei«e  the  correct  central  aUlmde^M  ^^^.^^^^^ 
tractad  from  80O,  leaves  the  teoilh  distance  39©  21'  which  must  be  cnlted  north,  because  the  san  bore 
south  when  on  the  meridian;  Ihcn  in  Table  IV.  1  find  tlH?  sun's  declinatkm  at  o<K»n  •»^'[^"!'»<=^ 
10  18*  M.  to  Uiis  add  the  correction  4'  taken  from  Table  V.  corresponding  to  the  •^Ip'i  iW^w^^J** 
sum  to  2022*  K.=the  correct  decUBation ;  aod  dnee  the  decUnation  «nd  teoOh  dtoiajw  •^y^.yy^ 
1  addikeoi  together,  and  the  son  will  be  the  latitude  by  <*serTaiiOM=4lO  43'  fU  wbkb  ngrtf  wiHi  ilie 
latilwIebyaSSnt.'  ^^""^^  "^  ^^^^.^ 


FROM  BOSTON  TO  MADEIRA. 


283 


H 

K 

f: 

Courses. 

Winds. 

LVV 

Remarks  on  board,  Saturday,  Mar.j27, 1824. 

1 

7 

E.  S.  E. 

N.  by  E. 

AH   these   21  hours  fresh   breezes  and 

2!  7 

clear. 

si  8 

4!  8 

5 

8 

6 

8 

7 

8 

Mer.  alt.  sun's  lower  limb           51^  48' 

8 

9 

10 

8 
8 
8 

Add  for  semi-diam.  di 
Sun's  correct  altitude 

p,  kc.               U 

52       0 

11 

12 

1 

8 
8 
8 

6 

N.  N.  E. 

Subtract  from 
Sun's  zenith  distance 

90     00 

38       0  N. 

2 

8 

0 

C 
6 
6 

Sun's  corrcjct  declinatiun               £    40  N. 

0\    u 

4»  8 

Latitude  okservcd                         40    46  N. 

5    8 

6 

6    8 

6 

7|   8 

6 

• 

81   8 

6 

9|  8 

1 

10!  7 

1 

11    7 

jl2    7 

NEbvN 

1  Variation  fj  point  westerly,  per  amplitude.] 

Course 

.  Dist. 

Dif 

La 

[;Dep. 

Lat.hyl 
D.R. 

Lat.bv 
Obs.' 

N. 

Dift*. 
Long. 

E. 

Long.  in. 
W. 

Bearing  and  Dist. 

E.S.E« 

S 

R. 

N. 

Funchal  S.  76^  48' 

«.  I9S 

47 

186 

40O  56  400  46' 

40    8 

60^   14'  E.   dist.  2137  miles.! 

TRAVERSE   TABLE. 


Course.  IDist. 
E^E4E.T92 


N. 


I  W. 
D.Lat.  46.7JlU6.2Dep. 


The  ship  sailed  aH  day  upon  the 
same  course,  which,  corrected  for 
the  variation,  is  E.  S.  E.  |  E.  the 
whole  distance  Sailed  is  19;i  miles, 
md  the  difference  of  latitude  is  47 
miles=  OO  47'  S. 
Yesterday's  latitude       4jl 4£  N. 

Latitude  by  D.  R.  40      56  N. 

Hence  the  latitude  by  account  differs  10  miles  from  the  latitude  by  observation  j  but 
it  will  not  be  necessary  to  correct  the  longitude  on  account  of  this  error. 

Latitude  yeaterday  by  obs.       41^  43'N.|      With  the  middle  latitude  41'^  14'  as  a 
f^t.  byobns.  this  day,  40    4&  N.' course,  and  the  departure  186.2  as  differ- 

ence of  latitude,  1  find  the  corresponding 


DiflF.  of  lat.  by  obs. 
Sum  of  latitudes 
Middle  latitude 


57 

82 

29 

41 

14 

distance  248,  which  is  equal  to  the  differ- 
ence of  longitude  4^    W  E. 

Yesterday's  long.  64    22  W. 

Long. 


.^.  in  60     14  VV. 

.Vo<«.    Ab  this  Journal  is  only  designed  to  exemplify  the  rules  of  navigation,  we  have 
not  endeavoured  to  give  the  true  variation. 

To  Jind  the  bearing  ami  distcmce  of  Funchal . 
latitude  in  4{P  46'N.  Mer.  parts     2683  Longitude  in         60^  14' W: 

Fuochai's  lat.      32     33  N.  IMer.  parts     207^  FuncUal's  long.    1(5     54  \V. 


Diff.  of  lat 


8 
60 


8 


jNf.  D.  InL       610 


Dlff.  long. 


4:5     20 
CO 


In  mUes  48S  Fn  miles  2600 

Wub  Ibc  meria.  diO'.  of  lat.  and  diflf.  of  lonjf.  tlie  IxMriii?  U  fvi-ind  to  hu  S.  7t)o  15   L.  wUh  that  anU  llifl 
jiropCT  diff.  of  laL  Ihc  di&tance  is  fimnd  to  be  2U1  mii»^,*  by  Case  i.  iMeroitor. 


*  If  the  coarse  wu?  calculaU?d  to  secomU,  and  the  meridional  parts  token  to  one  or  two  plucw  <fr> 
<t*^imi»l«,  U  would  sometimes  make  a  diflVience  of  a  lew  luilf^  in  the  ailculaicd  \\  i\A\ice^  , 

11     h  uyuz^u  uy  ^OOgle 


JOURNAL  OF  A  VOYAGE 


i-lF.  Courses. 


SE.byE.NEbyE 


S.  E. 


E.  N.  E. 


SE.bv  S. 


Winds. 


LW 


E.  by  N 


Remarks  on  board,  Sunday,Mar.28,  18'i4.* 


Frosh  gales  with  rain. 
At  4  A.  M.  spoke  the  ship  Franklin,  from 
Philadelphia,  bound  to  Lisbon. 


At' noon,  observed  mer.   alt. 

sun's  L.  L.  530  53' 

Add  for  semi-diameterv  &&c.         0     12 


Sun's  correct  altitude 
Subtract  from 

Sun's  zenith  distance 
Sun's  correct  declination 

Latitude  observed 


54 
90 

5 
00 

35 
3 

55  N. 
9N. 

39 

4N, 

)ursc.    iDist 


Diff. 
Lat. 


Variation  |  points  westerly. 


2^i9'E 


138 


j3      ILat.byjLat.by    Diff. 
^^PlD.R.t  Obs.    Long 


Long, 
in. 


Bearing  and  Dist., 


S.  1 
io<i\ 


E. 

93 


N,    I    "nTH    E.    I    W.    |FunchaIS.7907'E.i 
I390   4i390    4' 20    a'^  580  i2/|distanceg045  miles ■ 


The  lee-way  and  variation  being 
allowed  on  the  courses,  they  will 
stiuid  as  in  the  adjoined  traverse  ta- 
ble. Then  with  the  difference  of 
latitude  and  departure  the  course  is 
found  to  be  S.  42^  29'  E.  and  the 
distance  138  miles. 


TRAVERSK    TABLK. 


:.  :]  E 

:.  i  s. 

.K-IE 


Dist. 


50 

44 
46 


JN. 


S. 


29.8 
32.6 
39.5 


D.Lat.  101.9 


E. 


40.2 

29 

23.6 


W. 


93.3  Pep 


erday's  latitude  40'-'  46'  N 

Tcncconalitudel02'=  1    42    S. 


tilde  in 

t  of  latitudes 


39 
79 


4  N. 
50 


With  the  middle  lat.  39^  55'  or  40^ 
as  a  course,  and  the  dep.  93.3,  taken 
as  difference  of  latitude,  the  diff.  of 
long,  is  found  to  be  1 22  miles  =  2°  2'  K . 
Yesterday's  longitude  60  14W. 

Me  latitude  39     55        Longitude  in  58  12W. 

lie  course  made  good  each  day  is  marked  in  the  journal  to  degrees  and 
Jtes,  as  it  was  calculated  by  logarithms ;  but  for  practical  purposes,  it  is 
liently  exact  to  find  it  to  tlie  nearest  degree  by  means  of  Table  U. 
?'o  ftuf  tht  bearing  end  distance  of  FtmckaL 
By  Casf^  I.  Middle  Latitude  Sailing, 
tudein  39^     4' N.  Longitude  in  58^  l«'W. 

rhal's  latitude  32    38  N.  Funchal's  longitude     16     54  W. 


renceoflat     6  .26rr386  miles.  Difference  of  long.      41     18 

of  Intitudes  71     42  

lie  latitude      35     51  In  miles  2478 

th  the  middle  latitude  35^  51'  or  36^  as  a  course,  and  Ibe  difference  of  longitude 

as  a  distance,  I  calculate  the  departure;  with  that  and  the  ditference  of  latitode, 

the  distance  and  course,  by  Cate  I.  of  Middle  Latitude  Sailing.  ^^  , 

'uiyiuzedbyLjOOgle 


FROM  BOSTON  TO  MADEIRA. 


asa 


H.  K  F.  Courses.rWinda.iLW  Remarks  on  board,  Monday,  Mar.  $9,  1824. 


South. 


S.  IE. 


E.S.E. 


EbSiS 


Tbese  24  hours  moderate,  pleasant  weather.' 


li 


Meritl.  alt.  0's  lower  limb  05^  32' 

Add  for  semi-diameter,  dip,  kc.      0     12 


0's  correct  altitude 
Subtract  from 


0's  zenith  distance 
0'»  correct  declination 

Latitude  observeil 


Variation  ,1  point  westerly. 


55 
9d 

44 
00 

34 
8 

16  N. 

32  N. 

r,i 

48  N. 

Course. 


South. 


Dist. 


86 


Diff. 
Lat. 


S. 
86 


Dep. 


Lat.  by 
D.  R. 


N. 
37O  38' 


Lat.  by 
Obs. 


N. 
370  48' 


Difl*. 

Long. 


Lung 
in. 

w: 

580  12' 


Bearing;  and  Dist. 


FunchalSSl^lT'E 
distance  2046  mil^. 


TRAVERSE    TABLK.                       | 

Course. 

Dist. 

N. 

8. 

E. 

w. 

South. 

86 

86.0  Diff.  Lat. 

in  the  san 

le  Ion 

gitud 

e  as 

yeste 

rday. 

Yesterday's  latitude 
Difference  of  latitude 


The  lee-way  and  variation  being  al- 
lowed on  both  courses,  they  become 
south ;  the  whole  distance  sailed  or  86 
miles,  is  therefore  the  difference  of 
latitude  by  account,  the  departure  be- 
ing nothing ;  consequently  the  ship  is 

390    4'N. 
86=  1     26  S. 


Latitude  in  by  D.  R.  37    38  N. 

The  latitude  by  observation  was  37^  48'  N.  differing  10  miles  from  the  ac- 
count ;  but  this  will  not  render  it  necessary  to  correct  the  longitude. 

To  Jind  the  bearing  and  distance  of  Funekal. 

latitude  in      37^  48'  N.      Mer.  parts    2453      Longitude  in    58©  12'  W. 
Funchal'^lat.  32    38  N.      Mer.  parts    2073      Funchal'slong.  16     54 


Diff.  of  lat 


2073 
Mer.  diff.  lat.  380 


Diff.  of  long. 


In  miles  SIO  In  miles  2478 

Hence  the  bearing  is  found  to  1)€  S.  81^  17'  E.  and  the  distance  2046  miles, 
by  Case  I.  of  Mercator's  Sailing ;  and  the  same  may  be  found  by  middle 
latitude,  which  is  the  most  exact  method  when  the  two  latitudes  differ  but 
little ;  and  it  is  the  way  in  which  the  calculation  will  be  made  in  the  fpst  of 
the  journal. 
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H  K.  F.  Courses.  Winds.lL.W 


East. 


N.NE 


5  Lay  to,  up  S.  E.  by  E. 
-  oifS.E.  by  S.  Drift  U 
miles  per  hour. 


UpS.  offS.  W.  Diia 
li  miles  per  hour. 


Remarks  on  board,  Tuesday,  Mar.  30,  1824 


3 


These  24  hours  fresh  gales  and  squally. 
Handed  the  fore  and  main  courses. 


At  midiiight  more  moderate ;  >vore  ship  and 
set  the  courses. 


At  6  A.  jVL  set  the  topsails  close  reefed. 


Variation  1  point  westerly 
Diff. 
Long, 


Latby 
Obs. 


E. 

0O3«' 


Long, 
in. 


W. 

57034' 


Bearing  and  Di^t. 


FunchalS.80O58'E. 
distance  2017  miles. 


TRAVERSE    TABLE. 


Courses. 


E.  S.  E 

South. 

W.S.W. 

N.E.J  E 


D. 


Dlst.   N 


12 

6 
6 

32 


20.3 


20.3 
12.9 


Lat.     7.4 


S.     E. 


4.6 
6.0 
2.3 

127o 


11.1 


24.7 


35.8 
5.5 


Pep.  30.3 


\V 


5.5 
5^5 


Yesterday's  latitude 
Difference  of  latitude 

Latitude  in 
Sum  of  latitudes 
^Middle  latitude 


370 

48' N. 

7  N. 

37 

•55  N. 

75 

43 

37 

51 

Taking  the  middle  points,  (viz.  S.  E- 
and  S.  S*  W.)  between  the  point  to  which 
the  ship  comes  to  and  falls  off,  as  taught 
in  the  rules  of  lying  to,  and  then  allowing 
as  before  for  the  variation  and  lee-way, 
the  traverse  table  will  stand  as  adjoined. 

With  tlie  difference  of  latitude  and  de- 
parture the  course  is  found  to  be  N. 
76^  17'  E.  and  the  distance  91  miles. 


With  the  middle  lat.  37^  51'  (or  380) 
as  a  course,  and  the  departure  30.3  used 
as  difference  of  latitude,  I  find  the  dif- 
ference of  longitude  to  be    0^  88'  E. 

Yesterday's  longitude      58 12  W- 

Longitudein  57     84  W. 


To  find  the  bearing  and  distance  of  Funchal. 

Latitude  in  37°  56'  N.  Longitude  in 

Funchars  latitude  32    38  N.  FunchaFs  longitude 

Diff.  of  latitude 


Sum  of  latitudes  70 
JDIfiddle  latitude    35 


17=317   miles. 

33 

16 


Diff.  of  longitude 


In  miles 


570  54'  W. 
16     54  W. 
40    40 
60 
2440 


With  the  middle  latitude  35^  16'  and  tlie  difference  of  longitude  2440,  the 
departure'is  found  to  be  1992 ;  with  that  and  the  difference  of  latitude  817,  the 
bi&^n^  of  Funchal  is  found  to  be  S.  80^  58'  E.  and  the  distance  2017  mile?. 
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H. 

1 
2 
S 

K. 

5 

F. 

Courses. 

Winds. 

LW 

Remarks  on  board,  Wednesday ,Mar.31, 1824. 

E.  S.  E. 

South. 

1 

Pleasant  gales  and  fair  weather. 

0 

5 

4 

5 

5 

5 

6 

i 

6 

5 

6 

7 

5 

4 

* 

8 

5 

4 

9 

5 

5 

10 

5 

5 

EbySiS 

S.  ^E. 

i 

n 

6 

12 

6 

1 

7 

2 

7 

3 

7 

4 

7 

5 

7 

6 

7 

7 

7 

8 

7 

9 

7 

10 

7 

11 

8 

12 

8 

Variation  1  point  westerly  per  azimuth. 

Course. 

Dist 
151 

Diff. 
Lat. 

o 

Dep.^ 
E. 

.at.  by 
).  R. 

Lat.  by 
Obs. 

Dili'. 
Long;. 

E- 

Long.  in. 

Bearing  and  Dist. 

East 

N. 

W. 

Funchal  S.  80^  12' 

151  3 

70  55 

30  11' 

540  23' 

E.  dist.  1863  miles. 

The  Tariation  and  lee-way  being  allowed  on  both  courses,  it  appears  that 
the  ship  has  made  a  due  east  course,  the  distance  sailed  151  miles  is  the 
departure,  and  the  difference  of  longitude  is  found  by  Case  II.  of  Parallel 
Sailing.  The  latitude  in  is  the  same  as  yesterday's  lat.  37^  55'  N.  Taking 
this  as  a  course,  and  the  departure  151  as  difference  of  latitude,  the  distance 
which  corresponds  is  the  difference  of  longitude,  191  miles  =  3^  IT  E. 

Yesterday's  longitude  57     34.  W. 

Longitude  in  54    23  W. 

To  find  the  bearing  and  distance  of  Funchal. 


Latitude  in 
FunchaPs  lat. 

Diff.  of  latitude 

Sum  of  latitudes 
Middle  latitude 


370  55'  N. 
32     38  N. 


5     17=  317  miles. 


70 
35 


S3 
16 


Longitude  in 
Funchal's  long. 

Diff.  of  long. 


In  miles 


540  £3'  ^v, 
16     54  W. 

87     29  W. 
60 


2249  - 


Hence  by  case  1.  of  Middle  Latitude  Sailing,  the  departure  is  found  to  be 
1886  miles,  the  bearing  of  Funchal  S.  80O  12'  E.  and  the  distance  1863  mil^^s. 
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Courses. 

Winds. 

LW 

Remarks  on  board,  Thursday,  April  1,  1814. 

d 
8 
8 
8 
8 

1? 

4 
4 
6 
6 
5 
5 
5 
5 

6 
6 
4 
4 

5 

E.  S.  E. 

EbySiS 
East. 

s.s.w 

SbyW 
South. 

S.byE. 

d 

Fresh  gales  and  pleasau 

Obs.  mer.  «lt  sun*s  lower 
Correct  for  seini-diam.  dij 

Sun's  correct  altitude 
Subtract  from 

Sun's  zenith  distance 
Sun's  declination 

Latitude  observed 
Variation  1  point  westc 

t  weather, 
limb      560  59' 

3,  &tC.                  la 

57     11 
90     00 

I 

0 

9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
9 
9 

■    .  32     49  N. 
4     41  N. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

37     SO  N. 

rly. 

Course. 

Dist. 

D 

iff. 
it. 

Dep. 

Lat.by 
D.R. 

Lat,by 
Obs. 

Diff. 

Long. 

Long.  in. 

Bearing  and  Dist 

S85024^. 

WS, 

S. 
16 

E. 
201 

N. 
370  39' 

N. 
370  30' 

E. 

40  15' 

W. 

50O    8' 

Fanchal,S.  790  61'E. 
aistance  1668  miles. 

TRAVERSE  TABLE.                          | 

Courses. 

Dist. 

N. 

S. 

E. 

w. 

E.  by  S. 

E.i  S. 

E.N.EwlE. 

100 
70 
35 

10.2 

19.5 
6.9 

98.1 
69.7 
33.5 

10.2 

26.4 
10.2 

201.3  Dep. 

Diff. 

Lat. 

16.2 

The  courses  being  corrected  for 
lee-way  and  variation,  the  traverse  ta- 
ble will  be  as  here  given. 

Hence  the  course  is  S.  85^  24'  E- 
distance  202  miles. 

Yesterday's  latitude        37^  55'  N. 

Diff.  of  latitude  16  S. 


Lat.  in  by  account 


Yesterday's  long. 

With  the  mid.  lat.  37^  42'  and  the  dep.  201.3,  the  diff.  of 
long,  is  255= 


Longitude  in  by  account 


8  W. 


The  latitude  by  observation  differs  9  miles  from  the  latitude  by  dead  reck- 
oning,  but  the  longitude  requires  no  correction  on  this  account. 
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¥ 

e: 

f: 

C 
E 

ourses. 

Winds. 

LW 

Remarks  on  board,  Friday,  April  2,  1824» 

1 

6 

5 

.S.E 

South. 

4 

Fresh  gales,  with  rain. 

2 

6 

5 

3 

7 

5 

4 

7 

5 

5 

7 

- 

6 

7 

7 

8 

E.  S.E. 

S.W. 

0 

8 

8 

9 

8 

5 

Saw  a  ship  to  the  southward. 

10 

8 

5 

This  day  took  a  kmar  observation,  by  mea- 

11 

a 

5 

suring  the  distance  of  the  moon  from  the  star 

12 

8 

5 

Poihix,  the  longitude  at  noon,  deduced  from 

1 

9 

this  observation,  was  45°  50'  W. 

2 

9 

3 

9 

4 

9 

5 

9 

6 

9 

7 

9 

8 

9 

9 

9 

5 

• 

10 

9 

5 

11 

9 

5 

t 

It 

9 

5 

Variation  1  point  westerly. 

Course. 

Dist.  j 

3iff. 

Lat. 

Oep-S^'-^^ 

Lat.by 
Obs. 

Diff. 
Long 

Long.  in. 

Bearing  k  Dist. 

S79056'E 

202 

s. 

E. 

N. 

E. 

W. 

Funchal  S.  79O50'£. 

35 

199 

S60  5.0' 

4'->9' 

450  59' 

dist.  1456  miles. 

TRAVERSE   TABLE. 


Courses. 


E.  h  S. 
E.  by  S. 


Dist. 


42 
160 


N. 


S. 


4.1 
S1.2 


D.Lat.  35.3 


E.     W. 


41.8 
156.9 


198.7  Pep. 


The  lee- way  and  variation  being 
allowed  on  the  courses,  the  traverse 
table  Avill  be  as  here  given;  hence 
the  course  was  S.  79^  56'  E.  and  the 
distance  202  miles. 


Yesterday's  latitude 
Difference  of  latitude 


370  30'  N. 
35 


Latitude  in 
Sum  of  latitudes 
Middle  latitude 


36 
74 
37 


55    N. 

25 

12 


With  the  middle  lat.  37^  12'  and  the 
dep.  198.7,  the  difference  of  longitude 
is  found  to  be  ^49  miles=  4^     9'    E. 

Yesterday's  longitude    50       8  W. 


Longitude  in 
To  find  tJu  hearing  and  distance  of  Funchal. 


Latitude  in  .360  55'N. 

Funchal's  latitude  32    38  N. 


Longitude  in 
Funchal's  longitude 


45     59  W. 


45O  59'  W. 
16     54  W. 


Diff.  of  latitude        4    17r=257  m.         Diff.  of  longitude 


Sum  of  latitudes 
Middle  latitude 


69    33 
^    46 


In  miles 


29 
60 

1745 


Hence  by  Case  L  of  Middle  Latitude  Sailing,  the  bearing  of  Funchal  is 
found  to  be  S.  79°  SO'  E.  and  its  distance  1456  jniles. 
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HK 


Courses 


tjf  S*  JCi. 


Winds 


West. 


N.  W, 


North. 


ITw 


Remarks  on  board,  Saturday,  April  3,  18i24. 


Fresh  gales  and  rainy  weather;  latter  part 

clear. 
A  great  swell  from  the  N-  E.  for  which  1  allow 

9  miles. 


\ 


Obs.  alt.  Sim's  lower  limb  at  noon 
Correct,  for  semi-diam.  &tc.  add 

Sun's  correct  altitude 
Subtract  from 

Sun's  zenith  distance 
Sun's  declination 

Latitude  observed 


580  58' 
0  12 

59 
90 

10 
00 

30 
5 

50 

27 

N 
N 

36     17    N 


Variation  ^  point  westerly  per  azimuth 


Course. 


S79022'E. 


Oist 

ai7 


Diff. 
Lat. 


S. 
40 


Dep 


E. 
213 


Lat.by 
D.R 


N. 
36^  15' 


Lat.by 
Obs^ 

N. 
36^17' 


Diff. 

Long 

E. 

I4O25' 


Long.  in. 
4lO  34' 


Bearing  and  Dist. 


FuncbalS.  79^50' E. 
dist.  1240  miles. 


TRAVERSE    TABLE. 


Courses.   Dist    N.      S.     E.    W, 


E.IS. 
SSW.IW 


220 
9 


OJat  40.0 


32.3217.6 
7.7 


217.6 
4.6 


Dep.  213.0 


4.6 


4.6 


With  the  middle  lat.  36<^36',and  the 
dep.  213  miles,  the  diff.  of  long,  is 
found  265  miles=  4^  26'  E. 

Yesterday's  long.      45     59  W. 

Longitude  in 


In  this  day's  work  the  swell  is  consi- 
dered as  a  current  setting  the  ship  9 
miles  i)er  day ;  and  since  the  swell 
comes  from  tne  N.  E.  it  must  set  the 
ship  S.  W.and  allowing  the  variation  S. 
S.  W.i  W.  9  miles,  these  are  placed  as  a 
course  and  distance  in  the  traverse  taMe. 

With  the  difference  of  latitude  and 
departure  the  course  is  found  to  be  S- 
790  22'  E.  and  the  distance  217  miks. 

Yesterday's  latitude 
Difference  of  latitude 
Latitude  in 


Latitude  in 
Funchal's  latitude 
Difference  of  latitude 
Stun  of  Latitudes 
Ml^le  latitude 


41     34  W. 
To  find  the  bearing  and  distance  ofFunehal, 
360  17'  N.    .  Longitude  in 

32    38   N.  Funchal's  longitude 

3     39=219  m.       Diff.  of  Long. 


36^  55'  N. 
40  S. 

36 

15  N. 

4I«  SI' W. 

16  5t  \\\ 

68 
34 


55 

27 


In  miles 


24    40 
()0 

ijno 


Hence  by  Case  I.  Middle  Latitude  Sailing,  the  bearing  of  Funchal  is  found 
to  be  S.  790  50' E.  and  its  distance  1240  miles. 

To  find  the  bearing  and  diatance  of  Funchal  by  Jfercalor'^s  Chart. 
Having  pricked  oft' the  place  of  the  ship  fit  noon,  W  a  ruler  rroui  thatpoii^  toFuiichal;  lakx^  the 
nearest  disiance  between  the  centre  of  the  compass  and  the  ruler  ;  then  sUile  onv  foot  of  the  cuiiumis«>c>s 
along  the  edge  of  the  ruJer,  keeping  the  other  foot  at  the  greatest  distance  from  if,  and  it  will  be  fouad 
to  run  nearly  upon  tlieE.  by  S.  line,  which  is  therefore  the  heating  of  Funchal :  then  lake  inymir  com- 
passes tlie  extent  from  the  place  of  the  shin  to  Funchal,  and  apply  it  to  the  graduated  meridian,  setting 
one  Too;  M  much  above  one  place  as  the  other  Is  beh>w  the  other  place,  and  the  extent  will  be  found  to 
measure  a>J  degrees,  or  1230  miles,  which  was  the  distance  of  ibe  ship  from  Funchal  nearly. 
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H  K  IF,  Courses  Whids  LWRetnarki   oe  boartl,  gimday,  AjirU  4^  1S24. 


I  1 

3 

4 
3 
6 
7 
8 
9 
10 
11 
12 
1 
S 
9 
4 
5 
6 

r 

8 

9 

10 

11 

12 


7 

7 

6 

6 

6 

6 

5 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4  5 

4 

4 

4 

4 

4 


E.S.E 

S.  £. 

S*  o»  £• 
S.byE. 

S.byE 


N.E. 

E.N.E 

East 
E.byS. 


First  part  fresb  sales ;  latter  part  more  mo- 
derate, a  heavy  sea  ruBDing. 


Mer.  alt  sun's  lower  limb 
Correction  for  semi-diameter,  he. 

Sun*8  correct  altitude 
Subtract  from 

Sun's  zenith  distance 
Sun's  declination 

Latitude  observed 


«o  3' 
0  l£ 

61    15 
90  00 

28  45  N. 
5  50  N 

Si  35  N 


Cottne,    Dhi 


S-37'^45E   101 


Diff. 

Lat, 


Dep, 


S. 
S2 


E. 
64 


Lat.by 
D.R 


Variation  1.^  points  westerly. 


Diff. 

Long. 


in. 


34^55' 


34035' 


E. 
|0  la' 


40^*16' 


Bearing  and  Dist 


Funchal  8.84^17 
£.  dist.  1 174 miles 


-       TRAVERSE   TABLE. 

Courses. 

Dist. 

N. 

s. 

E. 

W. 

E.S.E.^E. 
9.  £.  i  E. 
S.S.E.^E. 

S.byE. 

S.  IE. 

40 
20 
8 
16 
33 

13.5 
13.4 
7.2 
15.7 
32.6 

37.7 

14.8 

3.4 

3.1 

4.B 

Diff. 

Lat.        82.4 

63.8 

I 

The  courses  being  corrected 
for  lee-way  and  variation,  will 
stand  as  in  the  adjoined  traverse 
table. 

Then  with  the  difference  of  lat- 
itude 82.4  &  the  departure  63.  u, 
I  find  the  course  S.  37°  45'  E. 
Yesterday's  latitude  36°  17'N- 
Difference  of  latitude  1    22'  S. 


Yesterdajr's  latitude 
Latitude  in  by  obs. 

Sum  of  latitudes 
Middle  latitude 


S60  17'  N. 
34    35  N. 


70 
35 


52 
26 


Lat.  by  account         34   55  N. 

With  the  dep.  63.8  miles,  and  the 
mid.  lat.  35^26%  I  find  the  difi*.of  k>n^ 


to  be  78  miles = 
Yesterday's  long 


Latitude  in 
Funchal's  latitude  32 


Longitude  in 
To  find  tilt  hearing  and  distance  of  FunchaL 
•340  85' N.  Longitude  in 

38  N.  Funchal's  longitude 


10  18'  E. 
41     84  W. 

40     16  W. 


40O  16'  \V. 
17     54  W. 


Diir.  of  latitude 
Middle  latitude 


1 
33 


57=117  miles. 
36   ' 


Diff*.  of  longitude 


In  miles    1402 
Jlence  by  Case  I.  Middle  Latitude  Sailing,  the  bearing  of  Funchal  is  found 
to  be  S.  HO  If  E.  and  its  distairee  1 1 74  miles. 
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H.  k.ir.|Cour8es.lWinds.lJL W  Remarks  on  board,  Monday,  April  5,  18i£4. 


S.  E. 


Calm. 


E.N.E 


E.  S.  E 


N.N.E 


First  part  of  these  S4  hours  smajl  breeses, 
and  calm ;  latter  part  fresh  gales. 

At  4  p.  M.  got  out  the  boat  and  tried  the 
current;  found  it  running  E.  1  mile  per 
hour,  and  suppose  the  ship  has  been  in  this 
current  these  jW  hours. 


Mer.  alt.  sun^s  lower  limb 
Correction  for  semi-diam.  Stc. 

Sun*s  correct  altitude 
Subtract  from 

Sun*s  zenith  distance 
Sun*8  declination 

Observed  latitude 


6io  sy 

0     12 

61 
90 

51 
00 

28 
6 

9  N 
12  N 

34 

21  N 

Lat.  by 
D.  R. 


Variation  li  point  westerly. 


Dlff 
Long. 


Long. 
in< 


Course. 


Dist 


DiiT 
Lat. 


Dep 


Lat.  by 
Obs. 


Bearing  and  Dist 


W.    FunchalS84O30'E 
59^  15' distance,  1073  miles 


S.83036'E 


101 


S. 
11 


E. 

100 


N. 
340  24' 


N. 
340  21 


E. 

2^1' 


TRAVERSE    TABLE.                          | 

(jbiirses. 

Dist 

N. 

S. 

E. 

W. 

S.  E.  i  E. 

E.  3  S. 
E.N.E.IE. 

10 
70 
24 

5.8 

6.7 
10.3 

7.4 

69.2 

23.3 

Dep. 

Diff. 

5.8 
Lat. 

17.0 
5.8 

11.2 

99.9 

With  the  difference  ef  latitude  11.2 
and  the  departure  99.9,  the  course  is 
found  to  be  S.  83^  36'  E.  and  the  dis 
tance  nearly  101  miles. 
Yesterday's  latitude  34°  35'  N 

Difference  of  latitude  0     11  S 


In  addition  to  the  courses  sait- 
ed,  I  also  allow  24  miles  for  the 
set  of  the  current  in  t^e  direction 
of  east  per  compass,  or  E.  N.  E. 
I E.  true  course. 


With  the  middle  lat.  34^  28',  and 
the  dep.  99.9,  I  find  the  diff.  of  k>ng. 
to  be  121  miles=  2^    V  E. 

Yesterday's  longitude  40     16  W. 


Latitude  in  by  account         34    24  N. 


Longitude  in 


Latitude  in  34°  21' N. 

Funchal's  latitude  32    38  N. 


To  find  the  bearing  and  distance  of  Funchal- 


BIfference  of  lat. 
Sum  of  latitudes 


43=103  miles. 
59 


Longitude  in 
FunchaPs  longitude 

Difference  of  long. 


38     15  W. 


380  15'W. 
16     54  W. 


Middle  latitude      33    30  nearly.  In  miles  1281 

Hence  by  Case  I.  of  Middle  Latitude  Sailing,  the  bearing  of  Funchal  is 
found  to  be  S.  84O  50'  P..  ;ind  it«  Hi-f«mn*.  10-3  miles. 
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H   K^J  Courses.  WindspWl  Remarks  on  board,  Tuesday*  April  6,  1844, 


E.  S.  E. 


North. 


Fine  fresh  gales  and  clear  weather. 


Mcr.  alt.  sun's  lower  limb  62°  S5' 

Correction  for  dip,  &.C.  0     12 

Sun's  coiTcct  altitude 
Subtract  from 

Sun^s  zenith  distance 
Sun's  declination 

Observed  latitude  S3    48  N. 


Course 


Dist, 


£.|S. 


sm 


Diff. 

Lat- 

~S." 
33 


o-^M 


Variation  per  Amp.  Ij  p<  i  n  t  westerly 


E.       N. 

S14|S3^49' 


L^t.by'  Diff. 
Lon|z;. 


Obs. 


N- 
35"^  4S' 


E. 

P  IB' 


Long*  in. 


W. 


Blearing  and  Dist. 


Funchr*lS.  B^/^  1&' 
E,  dist.  S59  mites. 


The  course  corrected  for  variation  is  E.  i  S.  distance  216  miles ;  hence 
tl»e  difference  of  latitude  is  31.7,  and  the  departure  213.7  miles. 

Yesterday's  latitude  34°  21'  N. 

Difference  of  latitude  32  S. 


Latitude  in 

Sum  of  latitudes  by  obs. 

Middle  latitude 


33  48  N. 
68       9 

34  4  •' 

With  the  middle  latitude  34°  4',  and  the  departure  213.7  miles,  I  find  the 
difference  of  longitude  to  be^58  miles=  4°  1 8'  E. 

Yesterday's  longitude  38     15  W. 


Longitude  in 


33     57  W. 


Latitude  in 
Ftmchal'slat. 


To  find  the  bearing  and  distance  of  Funchal. 

S9P  48'  N.  Longitude  in 

32    38  N.  Funchal's  long. 


Diff.  of  lon|j. 


330  57' W. 
16     54  W. 


Diffl  of  latitude  1     10=70  miles. 

Sum  of  latitudes  66    26 

Middle  latitude  33     13 

In  miles 

Hence  the  bearing  of  Funchal  is  found  to  be  S.  SS©  19'  E.  and  its  distance 
859  miles. 
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JOURNAL  OF  A  VOYAGE 


u 

K 

f: 

Courses. 

Winds. 

LW. 

Remarks  on  board,  Wednesday,  Ap.  7, 1924. 

1 

10 

£*S*E* 

NNW. 

Fresh  gales  and  pleasaat  weather,  with  a 

2 

10 

large  sea. 

3 
4 

10 
10 

At  4  P.  M.  took  a  lunar  observation  by 

f) 

10 

measuring  the  distance  of  the  moon  from 

8 

10 

the  sun;  the  lon^tude  reduced  to  noon  by 

7 

8 

4 

G.S.EiS 

North. 

the  log,  was  290  39' W. 

8 

8 

4 

9 

8 

6 

10 

8 

6 

11 

8 

5 

n 

8 

5 

1 

8 

2 

8 

3 

8 

5 

4 

8 

5 

6 

8 

4 

6 

8 

4 

7 

8 

6 

8 

8 

6 

9 

8 

10 

8 

11 

8 

12 

8 

Variation  per  azimuth  l^  point  westerly. 

Course. 

Dist. 

La 

[•Dep. 

Lat.b 
D.R 

yLat-by 
.    Obs. 

Diff. 
Long. 

Long.  in. 

Bearing  and  Dist. 

880^201 

S  210 

S. 

E. 

N. 

E. 

W. 

Funcha]S860  55'£ 

95 

207 

530  IS 

1' 

40  8' 

29049' 

distance  652  miles. 

TKAVEBSE  TABLE.                      | 

Courses. 

Dist. 

N. 

s. 

E. 

W. 

E.iS. 
E.  by  S. 

60 
150 

5.9 
29.3 

59.7 
147.1 

35.2 

206.8 

Yesterday's  latitude 
Difference  of  latitude 

Latitude  in  by  account 
Sum  of  latitudes 
Middle  latitude 


By  the  adjoined  traverse  table,  tbe 
difference  of  latitude  is  35.2,  and  the 
departure  206.8  ;  hence  the  course 
was  S.  8OO  20'  E.  and  the  distance 
209.8,  or  210  miles. 


With  the  'middle  latitude  33^  90" 
and  the  departure  206.8, 1  find  the  diff. 
of  long.  248  miles,  or  4^    8'£. 

Yesterday's  longitude        33    57  W. 


Longitude  in 


29    49  W. 


Latitude  in 
Funchal's  latitude 


To  Jwd  the  hearing  and  distance  of  Funchai. 
330  13' N.    Longitude  in 
32    38  N.    Funchal's  longitude 

Diff.  of  longitude 


290  49'  W, 
16     64  W. 


Diff.  of  latitude  35 

Sum  of  latitudes  65     51 

Middle  latitude  32     55 

Tx*       .,    .      .  In  miles  775 

•52  mite      ^""'"^  of  Funchai  is  found  to  be  S.  86O  55/ e.  and  its  dis^nct 
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ii 

El 

m 

CouraesJWSiKk. 

EW 

Remarks  on  Ward,  Thursday,  Ap.  8,  1824. 

1 

8 

H 

El.by8iSN.N.£ 

Fnst  part  fresh  gales  and  dear,    ^Latter 

2 

8 

part  rainy  weather. 

d 

8 

5 

4 

8 

5 

« 

5 

5 

6 

5 

7 

S.E. 

B.N.E 

i 

8 

9 

10 

11 

12 

At  6  A.  M.  the  wind  hauled  suddenly  to 

1 

the  S.  S.  £. 

2 

3 

4 

5 

5 

East. 

S.S.E. 

1 

6 

& 

7 

5 

8 

5 

8 

5 

10 

5 

n 

5 

•• 

12 

5 

Variation  1}  point  westerly. 

Course 

.  Dist 

Dii 
La 

jDcp. 

Lat.fa 
p.R 

yLatby 
.    Obs. 

Diff. 

Long. 

Long.  in. 

Bearing  and  Dist. 

S88^451 

E   172 

S 
IS 

E. 

>     171 

41 

£. 

SO  24' 

W. 

260  25' 

Funchal  8.  88©    5' 
E.  dist.  480  miles. 

TRAVERSE  TABLE.                        | 

Courses. 

Dist. 

N. 

S. 

E. 

w. 

East. 
S.  E.  by  E. 
NE.byElE 

50 
80 
60 

• 
Diff. 

25.7 

44.4 

50.0 
66.5 
54.2 

25.7 
Lat. 

44.4 
25.7 

18.7 

170.7 

Dcp. 

Yesterday's  latitude  3dO  is'  N. 

Difference  of  latitude  19  S. 

Latitude  in 
Sum  of  latitudes 
Middle  latitude 

To  find  the  I 
Latitude  in  S20  54'^; 

Funchal's  latitude  S2    88  N. 


The  leeway  and  variation  being 
allowed  on  uie  eourses,  diey  will 
stand  as  in  the  adjoined  traverse  ta- 
ble ;  then  with  the  difference  of  la- 
titude 18.7,  and  the  departure  170.7, 
the  course  is  found  to  be  S.  83^  45' 
E.  and  the  distance  172  miles. 


With  the  middle  lat.  83^  9' and  the 
dep.  170.7, 1  find  the  diff.  of  long,  is 
neariy  204  miles=:  3^  24^  E. 

Yesterday's  longitude    29    49  W. 


Longitude  in 

distance  ofFtmehal^ 
Longitude  in 
Funchars  longitude 


26    25  W. 

260  25'  W. 
16     54  W. 


Diff".  of  latitude  16  Diff.  of  longitude 

Suit  af  latitudes  65    32 

Middle  latitude  32    46 

In  miles  571 

HiBRC^  tlie  beving  of  Fiuclial  is  found  to  be  3.  68°  5'  £•  and  its  distance  460  mOes. 


ioogle 


£46 


JOUBJNTAL  OF  A  VOYAGE 


H 

k; 

¥. 

Courses. 

Winds. 

LW 

Remarks  on  hoard,  Friday,  Aprils,  l«ft4. 

1 

3 

4 

7 
7 
8 
8 

5 

5 

E.byS.*S 

South. 

Fine  breezes,  with  variaUe  weather. 

5 
6 
7 

8 
8 
9 

5 
5 

Mer.  alt.  sun's  lower  limb             64©  33' 
Correctjpn  for  dip,  kc.                   o     12 

8 

9 

10 

9 
9 
9 

8un*s  correct  altitude                    64    45 
Subtract  from                               90     00. 

11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

E.  by  S. 

•i 

Sun's  zenith  distance 
Sun's  declination 

Observed  latitude 

25     15  N. 
7     41  N. 

82     56  N. 

10 
U 
12 

9 
9 
9 

• 

Variation  li  ] 

p»oint  westerly. 

Course. 

Dist. 

Diff. 
Lat. 

Dep. 

Lathy 
D.R. 

Lat-by 
Obs. 

Diff. 
Long. 

Long.  in. 

Bearing  and  Dist 

N89012'E 

210 

N. 
3 

E. 

209 

N. 
32°  57' 

N. 
320  56' 

E. 

40  10' 

W. 

22O  15' 

Fuiiclial,S.8e°ll'E. 
distance  270   miles. 

TRAVERSE    tABLE.                      | 

Courses. 

Dist 

N. 

s. 

E. 

W. 

E.  is. 

E.iN. 

Diff. 

120 
90 

Lat. 

8.8 

5.9 

119.9 
89.6 

Dep. 

8.8 
5.9 

2.9 

5.9 

209.5 

The  variation  being  allowed  on  the 
courses,  they  will  stand  as  in  thea<]yoin- 
ed  table  ;  then  with  the  difference  of  la- 
titude 2.9,  and  the  departure  209.5,  the 
course  is  found  to  be  N.  89^  12'  E.  and 
the  distance  210  miles  nearly. 


Yesterday's  latitude 
Difference  of  latitude 

Latitude  by  account 


S20  54'  N.         With  the  middle  lat.  32©  55',  and 

*3  N.  the  dep.  209.5,  the  diff.  of  long,  is 

found  250  miles  =  40  10'  R. 

32    i7  N.  Yesterday's  longitude 


40  10' E. 
26    25  W. 


Latitude  in 
FanchaVs  latitude 


Longitude  in 

To  find  the  hearing  and  distance  of  Funchal. 

56'  N.     XiOngitude  in 

Funchal's  longitude 


Difference  of  latitude 
Sum  of  latitudes 
Middle  latitude 


38  N.* 


22     15  W. 

22O  15' W. 
16     54  W. 


Difference  of  longitude 


In  miles 


321 


Hence  the  bearing  of  Funch^  is  found  to  be  S.  86°  11'  E.  and  its  distance  370  mfles. 
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H 

K. 

P. 

Courses. 

Winds. 

LW. 

Remarks  on  board,  Saturday,  Apr.  10,  1824. 

1 

9 

5 

SEbyE 

S.S.W. 

All  this  day  fine  breezes,  with  very  clear 

2 

9 

5 

weather. 

3 

9 

5 

4 

9 

5 

5 

9 

5 

6 

9 

5 

7 

9 

8 

9 

9 

9 

, 

10 

9 

U 

9 

12 

9 

. 

1 

9 

E  byS|S 

2 

9 

At  10  A.  M.  made  the  land.    The  south- 

3 

4 
5 

9 
9 
9 

em  part  of  Madeim  bearing  per  compass 

E.  by  S.  i  S.  distant  19  leagues^ 

.6 

9 

^ 

7 

9 

8 

9 

9 

9 

• 

10 

9 

11 

^ 

12 

Variation  IJ  poirtt  westerir. 

Course 

Dist 

Bit 
La 

[•Dep. 

E. 

255  t 

Lat.b 
D.R 

y  Lathy 
.    Obs. 

Diff. 
Long. 

50    3' 

Long, 
in. 

Bearing  and  Dist. 

S«3°5rj 

B  256 

s. 

27 

N. 
J20  2J 

y 

W. 

17^12' 

TRAVERSE   TABLE.                          | 

Courses.  !Dist. 

1 

N. 

S. 

E. 

W. 

E.S.E.}E- 
East. 
East. 

Ill 
90 
57 

27.0 

107.7 
90.0 
57,0 

27.0 

254.7 

Yesterday's  latitude 
Difference  of  latitude 

L^tudeby  account 
Sam  of  latitudes 
Middle  latitude 


32^  56'  N. 

27  aft 

32  29   N. 
65  25 
32  42 


In  the  traverse  table  are  placed 
the  bearing  and  distance  of  the  land 
at  10  A.  M.  (after  allowing  the*  vari- 
ation.) Hence  the  whole  difference 
of  latitude  is  27  miles,  the  depar- 
ture 254.7,  the  course  S.  830  57'  E. 
and  the  distance  256  miles. 

With  the  middle  lat.  32°  42^,  and  the 
dep.  254.7,  the  diff.  of  long,  is  found  Ube 
.303  miles=s  50    3'  g 

Yesterday's  long.  22    15   W. 

17    12  W. 


Therefore  the  latitude  of  the  southern  point  of  Madeira  by  my  account  is  32^  29 
N.  and  its  longitudi^lT^  12^  W.  these  values  diffe^ng  but  little  fVom  the  Talaes  given 
in  the  table  of  latitudes  and  longitudes ;  I  therefore  conclude,  that  my  journal  was 
nearly  exact ;  and  that  latitude  and  longitude  of  that  part  of  Madeira  iQeve  well  laid 
down. ' 


u 

1 

.•2 
3 

4 

1 

7 
8 
9 

10 
11 
12 

Y 

r. 

Uouran. 

Winds. 

L.W. 

REMARKS  on  twaid,  Sundajr,  April  IJ,  1824.  ■" 

FlcsMot  gales  and  fair  weather. 
At  4  P.  M.  cnne  to,  oflf  FunchaL 

AtSP.fiLWcntonahore. 

CourwA 

1  m$L 

Dill'. 
Lat 

Dep. 

Lai.  by 

d.r: 

Ut  by 

OlM. 

Diff. 
Long. 

Long.  In. 

Bear,  and  Dist 

1           1           1 

i       •       i 

ogle 


3 


g 
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•-» 
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S 
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g 

pel 
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EXPLANATION   OF   SEA   TEHJlfI«. 


4$BACK,    The  lituatioB  of  ibc  aaib,  when  their  mriaces  are  pressed  aft  against  iHb 

mast  by  the  force  of  the  wio<l. 
4^/2  er  €fin    The  stemmoet  part  of  the  ship;  Carry  ^  any  Mag:  that  is,  cany  to* 

wards  the  stem.     The  mut  raku  aft ;  that  is,  hangs  towards  the  stern.    Hew  cheer  y 

fare md aft?  that  is,  how  fares  all  the  ship's  company  ? 
lAbtfi  the  Beam  denotes  the  rebUtre  situation  of  any  ot^ect  with  the  ship,  when  the  9th 

ject  is  pfaiced  in  any  part  of  that  arch  of  the  horizon,  which  b  contained  between  a 

line  at  nght  angles  with  the  keel,  and  that  point  of  the  compass  which  is  dire^  opi*^ 

site  to  the  ship's  course.    Sec  Bearing. 
Aboard,    The  insideof  a  ship.    Aboard  Main  Tack  I  The  order  to  draw  the  lower  cdxilec 

of  the  mainsail  down  to  the  chestrec. 
About.    The  situation  of  a  ship  as  soon  as  she  has  tacked  or  changed  her  course. 
Ahwd  skip !  the  order  to  the  ship's  crew  to  prepare  foriacking. 
AbreaU.    The  situation  of  two  or  more  ships  lying  with  their  sides  parallel,  and  tAur 

heads  etpially  adranced  ;  in  whicU  case  thoy  are  abreast  of  each  other. 
Adrift^    The  state  of-  a  ship  broken  from  her  moorinfs,  and  driTing  about  without  con* 

teol.  '  ^ 

4/Im^«    Bttoyod  np  by  the  water  from  the  ground. 
Afore,    All  that  part  of  a  ship  which  lies  forward  or  near  the  stem.    It  also  aJgnilifi 

farther  forward. 
After.    A  phrase  apj^ied  to  any  object  in  the  hinder  part  of  the  ship,  as  the  after«ha^h« 

way,  the  after-sails,  &c. 
AgrmayL    The  situation  of  a  ship  when  her  bottom  or  any  part  of  it  rests  on  the  grouitik 
A'head.    Any  thing  which  is  situated  on  that  point  of  the  compass  to  which  a  ship's  stem 

is  dikwcted,  is  said  to  be  ahead  pf  her.    See  Bearing. 
A-kalL    The  situation  of  a  ship  when  all  her  sails  are  furled  and  her  helm  is  lashed  to 

the  lee  side  ;  by  which  she  lies  nearly  with  her  side  to  the  wind  and  sea,  her  hef4  Vb* 

iog  somewhat  inclined  to  the  direction  of  the  wind. 
A4ee.    The  position  of  the  helm  when  it  is  put  down  to  the  lee  side. 
AUiMthe  wM,    The  state  of  a  ship's  saik,  when  they  are  parallel  to  the  direction  pf  tiA 

wind,  so  aa  to  shake  or  shiver. 
M-4iand9-ahoff  !  The  caU  by  which  all  the  ship's  company  are  summoned  upon  decki 
AUtft.    Up  in  the  tops,  at  the  mast  heads,  or  any  where  about  the  higher  rigging. 
Ahag-Me,    Side  by  side,  or  joined  to  a  ship,  whari^  &c 
Along'ihore,    Aloag  the  coast  j  a  course  wiiich  is  insight  of  the  shore,  and  nearly  rn- 

raUeltoit.  ^' 

•S(sq^  is  distance.    Keep, aloof,  that  is,  keep  at  a  distance. 
«^iiiem.    The  old  term  for  yield,  used  by  a  maa  of  war  to  an  enemy  ;  but  it  now  sigoj- 

ies  any  thing  done  suddenly,  or  at  once,  by  a  number  of  men. 
AoMekipe,    The  middle  of  a  ship,  either  with  regard  to  her  length  or  breadth. 
Andior.    The  iastrameftt  by  which  a  ship  is  l|^ld.     The  anchor  is  foul ;  that  is,  tte  caUft 

has  got  about  the  fluke  of  the  anchor.    The  anchor  is  a-peak;  that  is,  direct^  under 

the  hawse-hole  of  the  ship.     The  anchor  is  a  cock  biU  ;  that  la,  hangs  up  and  down  flie 

ship's  side. 
An^'Ond,    The  position  of  any  mast,  £lc.  when  erected  perpendiculariy  on  the  deik; 

The  top-masts  are  said  to  be  an  end,  when  they  arc  hoisted  np  to  their  usual  station^ 
A-fcak,    Perpendicular  to  the  anchor  -,  the  cable  having  been  drawn  so  tight  as  tp  brin]g 

the  ship  directly  over  it    The  anchor  is  then  said  to  be  a-peak. 
Ashore,    On  the  shore,  as  opposed  to  aboard.    It  also  means  agroundi 
Asisfn,    Any  distance  behind  a  ship,  as  opposed  to  ahead.    S^  Bearing* 
At  Anchor,    The  sitoatioo  of  a  ship  riding  by  her  anchor.  , 

AihoMrL    Aeroos  the  line  of  a  ship's  course.    Athwari  Hawse ;  the  situation  of  a  ship 

when  driven  by  accident  across  the  fore  part  of  another ;  whether  they  touch,  or  ars 

at  a  smaU  dirtance  from  each  other,  the  transverM  position  of  the  former  being  prinr 

cipally  understood.  Athwart  the  Fore  Foot ;  when  any  object  crosses  the  lufie  of  a  ship's 

course,  bat  ahead  of  her,  it  is  said  to  be  athwart  the  Fore  Foot.    AUmoH  sMps ; 

leaehiiig,  or  in  a  direction,  across  the  ship  from  one  side  to  the  other. 
Atfip.    when  applied  to  the  anchor,  it  means  that  the  anchor  is  drawn  out  of  the  ground, 

and  hangs  in  a  perpendicular  direction,  by  the  cable  or  buoy  rope.    The  top«sails  are 

aaid  to  be  atrip,- when  tiiey  an  lioisted  up  to  the  mast  head,  or  to  their  utmost  ezteht 
AsatL    A  term  luedibr  stop,  er  stay  ;  as,  «Mist  hcaovng^  do  not  heaveany  more. 
Ameifh,    Thesameaai|lrip  when  applied  to  the  anchor.  .    ^T^ 

^Mtfrnif.    A  shelter  or  scusen  of  canvass  spread  over  the  d^cks  of  a  ship,  to  ke^p  60*  thr 

K     k 
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threat  of  the  sun.    Spread  the  owning  ;  extend  it  so  as  to  cover  the  deck.    Furl  the. 

otflmitg;  that  is,  roll  it  up. 
To  back  th^Jftmhor^   To  cany  out  a  small  anchor  ahead  of  the  lai^  one,  in  order  to  su|h 

port  it  in  bad  ground,  and  to  prevent  itihim  loosening  or  coming  home. 
7*0  back  astern.    In  rowing,  is  to  impel  the  boat  with  her  stem  foremost,  bj  means  of  the 

oars. 
To  back  the  sails.    To  arrange  them  in  a  situation  that  will  occasion  the  ship  to  move 

astern. 
To  bagpipe  the  mi^en.    To  lay  it  aback,  by  bringing  the  sheet  to  the  mizen  shnmds. 
To  bdance.    To  contract  a  sail  into  a  narrower  compass,  by  folding  up  a  part  at  one 

comer.    Balancing  is  peculiar  only  to  the  mizen  of  a  ship,  and  the  mauisail  of  those 

vessels  wherein  it  is  extended  by  a  boom. 
Bale.   3ale  the  boat ;  that  is,  to  throw  the  water  out  of  hCr. 
BdlasifU  either  pigs  of  iron,  stones  or  gravel,  which  last  ts  called  shin^  ballast ;  end 

its  use  is  to  bring  the  ship  down  to  her  bearings  in  the  water,  which  her  provisions 

and  stores  will  cot  do.     Trim  the  ballast ;  that  is,  spread  it  about  and  lay  it  even. 

The  MaUast  shoots  ;  that  is,  it  shUtsj    or  mns  over  irom  one  side  of  the  hold  to  the 

other. 
Bare  poles.    When  a  ship  has  no  sail  set,  she  is  Under  bare  poles. 
Barge.    A  canral  buOtboat,  that  rows  with  ten  or  twelve  ofars. 
Batten.    A  thin  piece  of  xvood.     Batten  down  the  hatches,  is  to  lay  battens  upon  flie 

tarpaulins,  which  are  over  the  hatches  in  bsCd  weather,  and  nail  them  down  that  they 

may  not  be  washed  oflf. 
Beacon.     A  post  or  stake  erected  over  a  shoal  or  sand  bank,  as  a  wwning  to  seamen  to 

keep  at  a  distance.     Also,  a  signal  placed  at  the  top  of  hilts,  &c. 
Beams.    Strong  pieces  of  timber  stretching  across  a  ship's  side  to  side,  to  support  the 
*"  decks^  and  retain  the  sides  at  their  proper  distance^ 
Bear  a-hand.    Make  haste,  denpatch. 
Bearing  signifies  the  point  of  the  compass  which  any  two  or  more  places  bear  from  each 

other,  or  how  any  place  bears  from  the  ship  by  the  compass  ;  or  it  may  be  said  to 

bear  on  the  beam,  abaft  the  beam,  on  the  bow,  the  head  or  stem,  &c. 
Bearings  of  a  ship,  is  that  tine  which  is  formed  by  the  water  upon  her  sides  when  she  u 

at  anchor,  with  her  proportion  of  ballast  and  stores  on  board:    To  bear  to,  is  to  sail 

into  an  harbour,  &c.     Bear  round  up  ;  that  is,  put  her  right  before  the  wind.   Bring  ' 

your  guns  to  bear,  b  to  point  them  to  the  object. 
To  6car  in  with  the  land,  is  when  a  ship  sails  towards  the  shore. 

To  Bear  off.    To  thrust  or  keep  off  from  the  ship's  side,  &c.  any  weight  when  hoisting. 
Bearing  up  or  Bearing  away.    The  act  of  changing  the  course  of  a  ship,  in  order  to  make 

her  run  beforo  the  wind,  aflcr  she  had  sailed  sometime  witlf  a  side  wind,  or  close 

hauled  ;  it  is  generally  performed  to  afrive  at  some  port  under  the  lee,  or  to  avoid 

some  imminent  danger  occasioned  by  u  viblent  storm,  leak,  or  enemy  in  sight 
Beating  to   Windtoard.    The  making  a  progress  against  the  direction  of  the  wind,  by 

steering  alternately  close  hauled  on  the  sttffboard  and  larboard  tacks. 
To  becalm.    To  intercept  the  current  of  the  wind;  in  its  passage  to  a  ship,  by  any  cen« 

tiguous  object,  as  ashore  above  her  sails,  a  high  sea  behind,  ftc/  and  thus  one  sail  is 

said  to  becalm  another. 
Before  the  Beam,  denotes  an  arch  of  the  horizon  comprehended  between  the  line  of  the 

beam  (which  is  at  right  angles  to  the  keel)  andthatpoint  bftfae'corapasa  on  wbiehthe 

ship  stems.    See  Bearing. 
Bday,    To  make  fast  any  running  rope,  as  Belay  the  main  brace,  or  make  it  last 
Bend.    To  apply  to  and  fasten  ;  as,  bend  the 'sails,  apply  ^m  to  the  yards  and  fasten 

them  :  unbend  tte  sails,  that  is,  cast  them  off^  and .  take  them  from  tiie  yards  ;  her 

sails  are  unbent,  she  has  none  fixed  :  beild  the  cable,  mske  it  fkst  to  the  anchor. 
Beneaped,    See  Neaped. 

Between  DBcks.    The  space  contained  between  any  two  decks  of  a  ship. 
Bight  of  a  rope.    The  double  part  of  a  rope  when  it  is  folded.    Bi^,  a  niSrrow  infet 

of  the  sea. 
BUge.    To  break.    The  ship  is  bilged  ;  that  is,  her  planks  are  broken  in  by  violenee. 
Bi^e-WaUr,  is  that  which,  by  reason  of  the  flatness  of  a  ship's  bottom,  lies  on  her  floor, 

and  cannot  go  to  the  well  of  the  pump. 
Bknnade,    A  kind  of  box'to  contain  the  compasses  in  upon  deck. 
Birih.    A  place  ;  as  tAe  shij^s  birth,  the  place  where  she  is  moored  ;  on.  efficei^s  hitikt 
,  his  place  in  the  ship  to  eat  or  sleep  in  ;  birth  the  sktj^s  ernnpawfj  that  is,  rilot  them  their 

S laces  to  mess  hi ;  birth  the  hanmoeksy  point  out  where  each  man's  hammock  is  to 
ang. 
Bius.    Tery  large  pieces  of  timber  in  the  fore  part  of  a  ship,  round  which  the  cables  we 
fastened  whei)  tiie  ship  is  at  anchor.    After-Bitts,  a  smaller  kind  of  bitts  upon  the 
quarter-deck,  for  belaying  the  running  rigging  to. 
To  But  the  Cable,  is  to  confine  the  Cable  to  the  bitts,  by  one  turn  under  4ie  wm^fivoa^ 
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&0d«iiotbertivnn»aiitiiibitt.fae«d.    IlitbMpoiilfa)»Uiiiay  beet^rfi6ptfl»a,<fr 

it  BMy  be  Teered  away. 
jMCf€r.    The  turn  of  tte  edrfe  round  the  bitts.    BiUtr  end  ;  that  part  of  tlie  cable  which 

stays  within  board,  round  about  the  bitts,  when  the  ship  is  at  anchor. 
JUodL     A  piece  of  wood  with  running  sheaves  or  wheels  in  it,  through  which  the  nm» 

ning  rigging  is  passed  to  add  to  the  purchase. 
Bmtd.    To  board  a  ship  is  to  enter  it  in  a  hostile  maaaer. 
Board,     To  make  a  hoard  is  making  a  stretch  upon  any  tack  when  a  ship  is  working 

uponarwind.   7\>  ftoord  it  ti^  that  is,  to  turp  to  windward.  TA«  sl^  Aos  m^ 

hoards  that  is,  when  she  loses  ground  in  worlnng  upon  a  wind. 
Bootnmrfn.    Tbfrofficer  who  has  charge  of  all  the  cordage,  rigging,  anahors,  &£. 
B6UL  ihare,    A  steep  eoast,  permitting  the  cfose  appnMU<h  of  shipping. 
Boli  rope.     The  rope  which  goes  round  a  sail,  and  to  which  the  canvass  is  sewed.    Th(» 

side  ropea  are  called  isacAropc9,  that  at  the  top  the  Acad  vvpe,  and  that  at  the  bottom 

the  >oC  rope. 
Bonnet  of  a  sail,  is  an  additional  piece  of  canvass  pot  to  the  sail  in  moderate  weather  tp 

hoMnore  wind.     Laseontke'homut,  that  is,  fasten  ft  tothesail.    Shake ^ the btma, 

take  it  M 
Boot  topping.     Cleaning  the  upper  part  of  a  ship's  bottom,  or  that  part  which  lies  nniaB- 

dlately  under  the  surface  of  the  water,  and  dauhiag  it  over  with  tdlow,  or  with  a  v^- 

ture  of  tallow,  sulphur,  rosin,  &c. 
.0sf h  sibestt  ^.    The  sHaation  of  a  ship  sailing  right  before  the  wind. 
Bow  grace.     A  frame  of  old  rope  or  junk,  laid  out  at  the  bows,  stems,  and  side  of  ships^ 

to  preveat  them  from  being  ii^ured  by  (lakes  of  ioe. 
Bowhnea.    Lines  made  fast  to  yie  sides  of  the  sails  to  haol  them  forward  when  upon  a 

wind,  which  being  hauled  taut,  enables  the  ship  to  come  nearer  to  the  wind. 
7o  bowae.    To  pull  upon  any  body  with  a  taekte  in  order  to  remove  it. 
Bowprit,    A  Ittge  mast  or  piece  of  timber  which  stands  out  from  the  bowaof  a  ship. 
JBodeAauJMig.    A  particular  method  of  veering  a  ship,  when  the  swell  of  the  sea  rendejrti 

-  taeking  impracticable. 
Bostlmg.    An  operation  somewhat  similar  to  BoxhauUng.    It  is  peffocmedby  laying  the 

head  aaals  abaek,  to  receive  the  greatest  force  of  the  wind  in  a  line  p»pendicular  \» 

their  surfaces,  •in  order  to  turn  the  ship's  head  into  the  line  of  her  cq|pe,  after  she  had 

Indined  to  windvrard  of  it.  . 

Brwe$9.     like  ropes  by  which  the  yards  are  turned  about  to  form  the  sails  to  the  wmd. 
To  bruee  the  ymde.    To  move  the  yaids,  by  means  of  the  braces,  to  any  direction  requited. 

n  Wmoo  e»aa»    to  btaee  the  yards  round  for  the  contrary  tock.     To  brace  sh^rjy-Ao 

hiaoe  the  yards  to  a  position  in  which  they  win  make  the  smallest  possible  angle  wiOi 

the  keel,  for  the  ship  to  have  bead-way.     To  Brace  to— to  ease  off  the  lee  braces, 

and  round  in  the  weather  braoes,  to  assist  the  motion  of  the  ship's  head  u  tacking. 

BnnU.     A  name  pacaliar  only  to  certain  ropes  belonging  to  the  mizen,  used  to  truss  St 

.up  to  the' mast.     But  it  is  likewise  applied  to  all  the  ropes  which  are  employed  in 

hauling  «p  the  bottoms,  lower  corners  and  skirts  of  the  other  great  sails.      T^ 

M«a  up-^tohaul  up  a  sail  by  means  of  the  brails,  for  the  more  ready  furlmg  it  when 


To  break  Mk.    The  act  of  begfamfng  to  unload  a  ship. 

To  knak  theer.  Wh«Q  a  ship  at  anchor  is  forced,  by  thewind  or  current,  from  that 
poiitian  in  which  she  keeps  her  anehor  most  free  of  herself  and  most  firm  in  the  ground, 
so  as  to  endanger  the  tripping  of  her  anchor,  she  is  said  to  break  her  sheer. 

Breaming.    Burning  off  the  filth  from  a  ship^s  bottom. 

Bremet-fiut.  A  wpa  employed  to  confine  a  ahip  sideways  to  a  wharf  or  to  some  othte 
ship. 

To  bring  hy  the  Ue. — See  to  (roocA  to. 

To  bring  to. .  To  check  the  course  of  a  ship  when  she  is  advancing,  by  anraflgmg  the  sails 
in  soch  a  manner  that  they  shall  counteract  each  other,  and  prevent  her  from  either 
vet^tHig or  advancing. .  Seetoiisto. 

To  broach  to.  To  incUne  suddenly  to  windward  of  the  ship's  course,  qo  as  to  present  her 
flidetothowind,  and  endangeit  her  oversetting.  The  difference  between  ftroac*tngto 
and  bringing  fry  the  Ue  may  be  thus  defined  :  Suppose.a  ship  under  great  saU  is  eteenng 
soutb,  having  the  vrind  ht  N.  N.  W.  then  west  is  the  weather-side,  and  cast  the  lea^ 
side.  If,  by  any  accideAt,  her  head  turns  round  to  the  westward,  so  that  her  sails  are 
all  taken  a-back  on  the  weather  side,  she  is  said  to  broach  to.  If,  on  the  contra^,  bor 
head  declines  so  for  eastward  aa  to  lay  her  sails  aback  on  that  side  which  was  tbe  400 
'  side,  it  is  called  bringing  bn  the  lee* 

Btoadeide.    A  discharge  of  all  the  guns  on  one  side  of  a  ship  both  above  and  below. 

JBh*»itec*yd.  Theslate  of  adiip  which  issotooocned  in  her  frame  astodrop  at  each  end. 

By  the  board.    Over  the  ship^s  side.  :.  a      *    ;,       «..«.—. 

By  the  head.    The  slate  of  a  ship  when  sba  is  so  unequally  loaded  as  to  draw  »""  7^* 

t>r  forward  than  nft.  uiymzeu  uy  ^.^^i^O^lL 
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is  generally  within  six  points  of  it 
Amf-linM.    Rop^  fastened  to  the  foot  rope  of  square  safle  to  draw  tliem  ^»  to  ilie 

middle  of  the  yards  for  furiing. 
jBuoy.    A  floating  conical  cask,  moored  upon  shoals  to  show  where  the  danger  m  i 

also  need  at  anchors  to  show  where  they  lie,  in  case  the  cable  breaks. 
Ckp,    A  strong  thick  block  of  wood,  baring  two  large  holee  throagh  it,  the  oae  sqpiav, 

the  other  rofnd  ;  used  to  confine  the  two  masts  together. 
Oapme,    Overtuni— the  boat  is  capsized,  that  is,  ovecKt    Capeiae  the  iptoil  of  ro^  ; 

that  is,  tarn  it  orer. 
Capstan.     An  instrument  by  which  the  anchor  is  weighed  out  of  the  grovnd,  used  also 

for  setting  up  the  shrouds,  and  other  work  where  a  great  purchase  is  required* 
To  Car$m,    To  incline  a  ship  on  one  side  so  low  down,  by  shifting  ibe  cargo  or  stoite 

on. one  side,  timther  bottom  on  the  other  side  may  be  deanaed  by  bveaaain^ 
To  carry  atoa^'    To  break — as  a  ship  has  carried  away  her  bowsprit,  that  is,  naa  broken 

it  off. 
CfliBng,    The  motion  of  falling  off,  so  as  to  bring  the  direotionof  the  wind  on  either  skle 

of  the  ship  after  it  had  blown  sometime  right  a-head.    It  is  particulariy  applied  to  ft 

ship  about  to  we^  anchor. 
Cu^Htada,    The  timbers  on  ship's  bows  with  sheaves  in  them,  bgr  which  the  anchor  is 

hivisted  after  it  has  been  hove  up  by  the  cable.   ' 
Totti  tkt  anchor  U  to  hook  the  cat-block  to  the  ring  of  the  aaobor,  and  haul  it  up  doa^ 

Cothecat>head. 
Cat^t  paw  is  alight  air  of  wind  perceived  at  a  distance  in  a  oahn,  swe^ng  the  ampfaeear 

the  sea  very  l%htly,  and  dyiii^  away  before  it  reaches  )he  ahlp. 
Cmdktng  is  filling  the  seams  of  a  ship  wilh  oakum. 
/Jlmire,    This  word  is  applied  to  that  squadron  of  a  fleet,  in  a  line  of  battle,  which  enti- 

cttpies  the  middle  of  a  line  ;  and  to  that  colnmn  (in  the  order  of  saihag)  which  ia  be- 
tween the  weather  and  lee  columns. 
Cludna.    A  place  built  on  the  sides  of  the  ship  projecting  out,  and  al  which  the  shmids 

are  fasten^  for  the  purpose  of  giving  them  greater  angle  than  they  could  hnaa  if 

fastened  tof&e  ship's  side,  and  of  course  giving  them  a  greater  power  to  aaoira  the 

mast.  m 

Chain  pUaeSf  are  plates  of  iron  fastened  to  the  ship's  sides  under  the  chains,  Md  tothesD 

niates  the  dead  eyes  are  fastened.  * 

€JuipeUi»g,    The  act«f  turning  a  ship  round  in  a  light  breaie  of  wind  when  she  is  cioa^ 

hauled,  so  that  she  will  lie  the  same  way  she  did  before.    This  is  oattaDy  oocaaiafied 

by  nei^igence  in  steering,  or  by  a  sudden  change  of  wind. 
Chaoc    4  ▼«M«I  pnnued  by  some  other.     Chaaer-^ihe  fesael  punning. 
Cheeriy,    A  phrase  implying  heartily,  quiddy,  cheerfully. 

To  daw  tiff.    The  act  of  tumjng  to  windward  from  a  lee  shore,  to  eaeiDeshipwredEf  te< 

it.bwr  and  open,  r 


CVeor  is  variously  applied  : — ^The  weather  is  said  to  be  dear  when  it.b  hir  and  open,  the 
sea-coast  is  clear  when  the  navigation  is  not  interrupted  by  roeka,  &c«  It  is  ajpplied  to 
cordage,  cables,  &c.  when  they  arc  dmentangled,  so  as  to  be  ready  for  hnmedmtiw  at^ 
vice.  In  all  thsse  senses  it  is  opposed  to  foul.  To  cUar  the  andur  is  to  get  the  caUa 
offthe  flukes,  and  to  disencumber  it  of  ropes,  ready  for  dropping.  Clear  ikmoas—When 
the  cables  are  directed  to  their  anchors  without  lying  athwart  the  atnm.  To  damr  tka 
hawse  ia  to  untivist  the  cables  when  they  are  entangled  by  heaving  either  a  enaai^  an 
dhow  or  a  round  turn. 

CUndied,    Made  fast,  as  the  cable  is  to  the  ring  of  the  anchor. 

(3o»e  haded.  That  trim  of  the  ship's  sails,  when  she  endeavoors  to  nsake  aprogreas  fai 
the  nearest  direction  possible  towards  that  point  of  the  compass  firom  whadi  the  wind 
blows. 

7b  du6  had.  A  method  of  tacking  a  ship  when  it  is  expected  she  wiB  miss  stays  on  a 
lee  shore. 

Clue4ine$f  are  ropes  which  come  down  ftom  the  mast  to  the  lower  comers  of  the  aailB» 
and  by  which  the  comers  or  clues  of  the  saile  are  hauled  up.  - 

Ckie  of  a  atdL  The  lower  eoraers  of  square  sails,  but  the  aftemoet  ealy  of  stagr  aail%  the 
other  lower  comer  being  called  the  tack. 

To  due  i!^.    To  haul  up  the  ckies  of  a  sail  to  its  yard  by  means  of  tiie  due  lines. 

OoaeHng,    The  act  of  making  a  progress  along  the  sea-eaaat  of  any  country. 

To  eoU  the  cable.    To  lay  it  round  in  a  ring,  one  torn  over  another. 

To  come  home.  The  anchor  is  said  to  come  home  when  it  loosens  firom  the  gronad  by  the 
efibrt  of  the  cable,  and  approaches  the  place  where  the  sh^  floated,  at  the  lengtt  of 
her  moorings. 

^MMing-  to,  denotes  the  approach  of  a  ship's  head  to  the  dhection  oftibe  wind. 

Coi^.  The  point  of  the  comnass  upon  which  the  ship  satis.  ODMrass,  a  ship's  |o«rer 
•aus ;  as  the  fore^ailia  tiie  fon-coum ;  the  main-sail  the  mmn^urse,  ftc. 
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i»t^UmAtUtemm»;f^A^  his nitt  muI  «l  liU  «h» luAMtfl,  f:»nMttt siitf 

ttizen. 
Ctewoin.    ThepenoawhoslMnaielMwt 
Crmik.  The  ship  is  ccaak,  that,  10  she  has  not  a  sufficient  cargo  or  hanaat  to  render  her 

oapabla  of  bearing  sail,  without  being  eiqKwed  to  the  danger  of  OTonetting. 
€raW'/oot,  is  a  number  of  small  lines  spread  from  tiae  fore  parts  of  tbe  tops,  by  means  of 

the  piece  of  wood  thnAgh  whieh  they  pass,  and  bdng  hauled  taut  upon  the  stays,  they 

prevent  the  foot  of  the  topsails  catching  under  the  top  rim  ;  they  are  aboused  to  sus- 
>  pend  tlMxawnittg«. 

Oku.    To  direct.    To  cnn  a  ship  is  to  direct  the  man  at  helm  how  to  steer. 
Te  cut  andfvn.  To  cut  the  cable  and  make  sail  instantly,  without  watting  to  weigh  anchor. 
JMnU.    A  long  beam  of  timber,  used  as  a  crane,  whenby  to  hoist  the  flukes  of  the  an- 
chor to  tbe  top  of  the  bow,  without  ii^uring  the  plaoki  of  the  ship's  sides  as  it  ascends. 

There  is  always  a  Davit  of  a  smaller  kind  fi^^  to  the  long-boat  to  weigh  the  anehop 

by  the  buqyrope. 
Todeadaiaskif^8umif.    To  impede  her  progress  through  the  water. 
i>sfldcy«s.    Bloeksofwoodthroush  which  the  laniards  of  the  shrouds  are  reeved. 
Dead  %A<s.    A  kind  of  window  Gutter  for  tbe  windows  hi  tbe  stem  of  a  ddp,  used  in 
'  very  bad  weather  omly. 
Dead  loaUr.    Tbe  eddy  of  water,  which  appears  like  whirlpools,  closing  in  with  the  ship's 

stem  as  she  sails  on. 
Dead'Wind,    The  wind  right  against  the  s^,  or  htowing  from  the  vety  pomt  to  which 

ahewantstogo. 
DUnuuUd,    The  state  of  a  ship  that  has  lost  her  masts. 
Dog^une.    A  nnall  vane  with  feathers  and  cofk,  and  placed  on  the  shiii^s  quarter,  fov 

the  men  at  cun  and  helm  to  see  the  ieoune  of  wind  by. 
Xkg'WUck.    The  watehes  from  four  to  six  and  from  six  to  eight  in  the  evening. 
JMUmg.    The  act  of  sailing  round  or  passing  beyond  a  cape  or  point  of  land. — Doubttng 

«Mm~-The  act  of  inclosing  any  part  of  a  hostile  fleet  between  two  fltts,  or  of  cannon* 

adingit  on  both  sides. 
jDense.    To  strike  or  haul  down  ;  as,  douce  the  top-gallant  sails,  that  is,  lower  them. 
Dsien  luad.    The  rope  by  which  anv  sail  is  hauled  down,  as  the  jibb  down*haul. 
To  dowse.    To  lower  suddenly  or  slacken. 

Tadng  the  anekor.    To  trail  it  along  the  bottom  after  it  is  loosened  from  the  ground. 
To  draw.    When  a  sail  is  inflated  by  tbe  wind,  so  as  to  advance  the  vessel  in  her  course, 

the  sail  is  said  to  draw  ;  and  so  to  koep  ail  drawing  is  to  inflate  all  the  sails. 
Xh^ft.    The  angle  whkh  the  Kne  of  a  ship's  motion  makes  with  the  nearest  meridian, 

whan  she  drives  with  her  side  to  the  wind  and  waves,  hnd  not  governed  by  the  power 
^  of  the  hefan.    It  also  implies  the  distance  which  the  ship  drives  on  that  lin.;. 
DriMr.    A  laige  sail  set  upon  tiie  mizen  yards  in  light  winds.     Drive. — ^The  ship  drives, 

that  is,  her  anchor  comes  throogh  the  ground. 
JDnyu    Osed  sometimes  to  denote  the  depth  of  a  sail ;  as  the  fore-top-sail  drops  twelve 

yards. 
Tbdrapanelm.    Used  synonimously  with  to  anekor.    To  drop  astern.   The  retrograde 

motion  of  a  ship. 
Jkumage.    A  quantity  of  loose  wood,  Ice.  laid  at  the  bottom  of  a  ship  to  keep  the  goods 

from  being  damaged. 
£ar<Nff.    Small  ropes  used  to  fasten  the  upper  comers  of  saihi  to  the  yards. 
To  taoe^  ioeate  awaff,  or  to  ease  ^.    To  sladten  gradually  ;  thus  they  say,  ease  the  bow- 
line, ease  the  sheet 
Bmt  ike  sUp,    The  Command  given  by  the  pitot  to  the  steersman,  to  put  the  helm  hard- 

a-lee,  when  the  ship  is  expected  to  phmge  her  fore  part  deep  in  the  water  when  close 

hauled. 
To  edge  ewey.    To  decline  gradually  from  the  shore  or  from  the  line  of  the  course  iHiich 

the  ship  Ibrmeriy  held  in  or  der  to  go  more  large. 
To  edge  ta  with.    To  advance  gradimUy  towards  the  shore,  or  any  other  object. 
Etbow  in  the  Hawse,    Is  when  a  ship,  being  moored,  has  gone  round  upon  the  shifting  of- 

the  tides  twice  the  wrong  way,  so  as  to  lay  the  cables  one  over  the  other :  having  gone 

onee  wrong,  she  makes  it  cross  in  the  hawse,  and  going  three  times  wrong,  she  makes 

a  roundtuni. 
JSndforend,    A  term  used  when  a  rope  runs  aU  out  of  a  Mock,  and  is  unreeved  ,  or  in 

coming  to  an  anchor,  if -the  stoppers  are  not  well  put  on  and  the  cable  runs  all  out,  it  is 

said  to  have  gone  out  end  for  end. 
End  m-    When  a  ship  advances  to  a  (^hore,  rock,  &c.  without  an  apparent  possibility  of 

preventing  her,  she  is  said  to  go  end  en  for  tbe  shore,  &e. 
Emgagement.    Aeti6n  or  fight. 
£ns%R.    The  flgg  worn  at  the  stem  of  a  ship. 
"Ent^ing  part    A  laige  port  in  the  side  of  three  deckers  leading  into  the  middle  derk,  (/> 

aave  the  trouble  of  going  up  the  ship's  side  to  jet  onhonrd.     lyiuzeu  uy  ^^^^^l'>^ 
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SptikluA.    V^eolbekielit|nnBdwftliihelioruoi^m  alupUMldtobfruiiottaii<$«» 

iVrir.   A  general  term  for  the  disporition  of  the  wind,  when  fihToorabte  to  a  ihip^  coime* 

jRar-ioay.  The  cbuuiel  of  a  narrow  bay,  river,  or  haven,  in  which  ships  usaaOy  adYanoa 
in  their  paeaage  up  and  dpwn. 

PoeJb,  or  Fake,    One  circle  of  any  rope  or  cable  quoiled. 

Fi^endU  The  end  of  any  rope  whieh  b  becoow:  untwisted  by  frequent  use  ;  to  prevaae 
which  the  ends  of  ropes  are  wound  round  with  pieces  of  twine,  which  operation  is 
called  vahvpping. 

To  fall  a-board  qf.  To  strike  or  encounter  another  ship  when  one  or  both  are  in  motion. 
TofaU  oslcm^Tbe  motion  of  a  ship  with  her  stern  foremost  Toftdl  edm.  To  be- 
come in  a  state  of  rest  by  a  total  cessation  of  the  wind.  To  fall  ikim.  To  sailor  be 
towed  down  a  riyer  nearer  towards  its  mouth. 

FaUmg  ^denotes  the  motion  of  the  ship's  head  from  the  direction  of  the  wind,  tt  is 
used  in  opposition  to  cmning.to. 

Fall  not  iffy  or  nothing  ^.    The  command  of  the  steersman  to  keep  the  ship  near  the 


Fttkom,    A  measure  of  six  feet 

To  fetch  awaif.    To  be  shaken  or  agitated  from  one  side  to  another  so  as  to  loosen  any 

thing  which  before  was  fixed. 
Fid.    A  square  bar  of  wo<ft  or  iron,  with  shoulders  at  one  end,  used  to  support  the 

weight  of  the  topmast,  when  erected  at  the  head  of  a  lower-mast 
Fid  for  spUcing,    A  large  piece  of  wood  of  a  conical  figure  ;  used  to  extend  the  strand^ 

and  layers  of  cables  in  splicing. 
TofilL    To  brace  the  sails  so  as  to  receive  the  wind  in  them,  and  advance  the  ship  in 

her  course,  after  they  had  been  either  shivering  or  braced  a-back. 
Fish»    A  lai^  piece  of  wood.    FUh  the  ma$t ;  apply  a  large  piece  of  wood  to  it  eo 

strengthen  it 
Fish-hMC    A  large  hook  by  which  the  anchor  is  received  and  brou^jbtto  the  cat-head  ^ 
*  and  the  tackle  which  b  used  for  thu  purpose  is  called  the  fish-tackle. 
To  fish  the  anchor.    To  draw  up  the  flukes  of  the  anchor  towards  the  top  of  the  bow^ 

in  order  to  stow  it,  afler  having  been  catted. 
Flag,    A  general  name  for  colours  worn  and  used  by  ships  of  war. 
Flat  tfi.    The  situation  of  the  saUs  when  their  surfaces  are  pressed  aft  against  the  mast 

by  the  force  of  the  wind. 
To  fiat  in.    To  draw  in  the  aftermost  lower  comer,  or  doe,  of  a  sail  towasds  the  mUdle 

of  the  ship,  to  give  the  sail  a  greater  power  to  turn  the  vessel.   To  fittmfafwmtd.  To 

draw  in  the  fore  sheet,  jibb-sheet,  and  fore-staysail  sheet,  towards  the  middle  of  the  ah^. 
Flaw,    A  sudden  breeze  or  gust  of  wind. 

Floating.    The  state  of  being  buoyed  up  by  the  water  from  the  ground. 
Flood^Hde.    The  state  of  a  tide  when  it  flows  or  rises. 
Flowing  sheets.    The  position  of  the  sheets  of  the  principal  saib  when  they  aia  loooaMd 

from  the  wind  so  as  to  receive  it  into  their  cavities  more  nearly  perpendicular  than  whan 

close-hauled,  but  more  obhqucly  than  when  the  ship  saib  before  the  wind.     A  M^ 

going  two  or  three  points  large  hBB  flawing  sheets. 
Fore.    That  part  of  a  ship's  frame  and  machinery  that  lies  near  the  stem.    Fare  tmd  a/L 

Throughout  the  whole  ship's  length.     Lengthways  of  the  ship. 
Fore-reach.    To  shoot  a-head,  or  go  pas|  aacSher  vessel. 
To  force  ot^.    To  force  a  ship  violently  over  a  shoal4>y  a  great  quantity  of  sail. 
Fonoard.    Towards  the  fore  part  of  a  ship. 
Fold.    U  used  in  opposition  both  to  clear  and  fair.    As  opposed  to  clear  we  aaj,  fool 

weather,  foul  bottom,  foul  ground,  foul  anchor,  foul  hawse.    As  opposed  to  foirt  are 

say  foul  wind.  . 
Wo  Founder.    To  sink  at  sea  by  filling  with  water. 
To  free.    Pumping  b  said  to  free  the  ship  when  it  dischaiges  more  vrater  than  leaks 

into  her. 
To  freshen.    When  a  gale  increases  it  b  said  to  freshen.     TofruJunthe  Hawae.    Veer- 
ing out  or  heaving  in  a  little  cable  to  let  another  part  of  it  endure  the  streaa  of  tht 

hawaeholes.    It  b  also  applied  to  the  act  of  renewing  the  service  round  the  c^e 

at  the  hawseboles.  ^ 

Freshen  the  ballast.    Divide  or  separate  it. 

Fresh  awojf.    When  a  shif>  increases  her  velocity,  she  b  said  to  got  fresh  way. 
JFWt.    The  situation  of  the  sails,  when  they  are  kept  distended  by  the  wind. 
Fidl  and  6y.    llie  situation  of  a  ship,  with  regard  to  the  wind,  when  close  faaulqi^  and 

sailing,  so  as  to  steer  neither  too  nigh  the  direction,  nor  to  deviate  to  leeward. 
Tofvri.    To  wrap  ov  to  roll  a  sail  close  up  to  the  yard  or  stay  to  which  it  belongs,  and 

winding  a  cord  around  it,  to  keep  it  fast. 
€af^e  of  the  ship.    Her  depth  of  water,  or  what  water  slic  drewr.         ^^  , 
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To  ^tJK  ike  fokii.  To  arrive  on  tbe  weather  sidbi  or  to  windward  of  Bome  ship  or  fleet 
in  8%lit,  when  both  are  sailing  as  near  the  wind  as  possible. 

Crmmimtlu  hhotftU,  Secure  it  by  turns  of  a  strong  rope  passed  round  it,  and  into 
fbe  cat-water,  to  prevent  it  from  having  too  much  motion. 

Otngwvg.  'That  part  of  a  ship's  side  both  within  and  without,  by  which  persons  enter 
and  depart 

Charboard  streak.    The  first  range  or  streak  of  planks  bud  in  a  ship's  bottom  next  the  keeL 

Otuikd,    The  rope  which  is  passed  round  die  sail  to  bind  it  to  the  yard  when  it  is  furied*  . 

TogMker.    A  ship  is  said  to  gather  on  another  as  she  comes  nearer  to  her. 

GimbUHng,  *  The  action  of  turning  the  anchor  round  by  tbe  stock,  so  that  the  motion  of 
the  stock  appears  similar  to  that  of  the  handle  of  a  gimblet,  when  employed  to  tun 
Oiewiie. 

GirL    The  ship  is  girt  with  her  caUes  when  she  is  too  tight  moored. 

To  ghe  duae  to.    To  porsue  a  shq>  or  fleet 

Goooo-wingi  ^  s  soil.  The  clues  or  lower  comers  of  a  ship's  mainsail  or  foresail,  vhea 
the  middle  part  is  furled  or  tied  up  to  the  yard. 

CrappKng^^rsR.    A  thing  in  th^  nature  of  an  anchor,  with  four  or  six  flukes  to  it 

Greme.    To  bom  off  the  fllth  from  a  riup's  bottom. 

6r^e  of  a  ikip.  That  thin  part  of  her  whk^h  is  under  the  counter ;  and  to  which  th6 
stempost  joins.    The  ship  gripes,  that  is,  turns  her  head  too  much  to  the  wind. 

Growit&ng.  The  laying  the  ship  arshoref  in  order  to  repair  her.  It  is  also  applied  to 
riimiing  aground  accidentally. 

Ground  tadtie.  Every  thing  belonging  to  a  ship's  anchors,  and  which  are  necessary  for 
anchoring  or  moorii^  ;  such  as  caUes,  hawsers,  tow-lines,  waips,  booy^opes,  «c. 

Ground  tier.  That  is,  the  tier  of'  water  casks  which  is'lowest  in  tiie hold,  and  is  among* 
the  shingle  baOast 

Growing,  Stretching  out ;  applied  to  the  direction  of  the  cable  from  the  diip  towardif 
the  anchors :  as,  the  cable  g^ws  on  the  starboard  b(vv. 

Grommet,  A  piece  of  rope  laid  into  a  circular  form,  and  used' for  laife  boat's  oars  in- 
stead of  ro|f  locks,  and  also  for  many  other  purposes. 

Gtmnd,    The  upper  edge  of  a  ship's  side. 

BuHromuL  A  division  of  the  lower  deck  abaft,  enclosed  with  network,  for  the  use  of 
tbe 'gunner  and  his  stores. 

Gyhmg.    The  act  of  shifting  any  boom-sail  (torn  one  tide  of  the  mast  to  the  other. 

HaU.     To  caH  to  another  ship. 

Htiiard$.  The  ropes  by  which  the  sails  are  hoisted,  as  the  top-sail  haliardS)  or  jibb 
haliavds,  &c. 

Banding,    The  same  as  furling. 

Hard  a-veotiksr.    Put  the  tiller  quite  up  to  windward. 

Had.     Pun. 

To  hmd  the  wind.    To  direct  the  ship's  course  nearer  to  the  point  from  which  die  wind 
.  blcmra. 

IlmoofholUi.  The  holes  in  the  bows  of  the  slup  througih  which  the  cables  pass. — Fresh' 
tn  haws;  veerout  more  cable.  C2ap  a  service  in  the  hawse ;  put  somewhat  round  the 
cable  at  the  hawse-hole  to  prevent  its  chafing.  J'o  clear  hawse,  is  to  untwist  the 
cables  where  a  Ihip  is  moored,  and  has  got  a  foul  hawse.  Mtwwri  hawse,  is  to  be 
aeroM  or  before  another  ship's  head. 

Jiawser,    A  small  kind  of  cable. 

HaudfoMt.  A  rope  employed  to  confine  the  head  of  a  ship  to  a  wharf  or  to  some  other 
ship.  Headmost,  The  situation  of  any  ship  or  ships  which  are  the  most  advanced  in 
a  fleet.    Head  saSs,    All  the  sails  which  belong^to  the  foremast  and  bowsprit. 

Hetuj^sea,  When  the  waves  meet  the  head  of  a  ship  in  her  course,  they  are  called  a 
head-aea.    It  is  likewise  applied  to  a  single  wave  coming  in  that  direction. 

Head  to-^oind.  The  situation  of  a  ship  when  her  heacHs  turned  to  the  point  frq^  which 
the  vrind  blows,  as  it  must  when  tacking. 

JleadrUfosf,    The  motion  of  advancing,  used  in  opposition  to  stem-way. 

To  Heaot,  To  turn  about  a  capstan,  or  other  machine  of  the  like  kind,  by  means  of 
bara»  handspikes.  &c.  To  Heave  a-head,  to  advance  the  ship  by  heaving-in  the  cable 
OT  other  rope  &stened  to  an  anchor  at  some  distance  before  her.  To  Heave  a-^ek, 
to  he«ve4n  the  cable,  till  the  anchor  is  a^peek. 

To  Hoove  a-^erfij  to  move  a  ship  backwards  by  an  operation  similar  to  that  of  heav- 
ing a«head.  To  Heane  downy  to  careen.  I'o  Heope  in  t&e  cable,  to  draw  the  ca- 
blfB  into  the  ship,  by  turning  the  capstan-  To  Heave  in  stays,  to  bring  a  ship's  head 
to  the  wind,  by  a  management  of  fte  sails  and  rudder,  in  order  to  gjet  on  de  other 
(ack.  -  To  Heave  mU^  to  unfurl  or  loose  a  sail ;  more  particularly  applied  to  the  stay- 
sailB  ;  thus  we  say,  loose  the  topsails  and  heave  out  the  staysaUs.  To  Hea»e  shorty 
to  draw  so  mnch  of  the  cable  into  the  ship,  as  that  she  will  be  almost  perpendkukily 
over  her  anchor.  To  Heave  tight  or  taut,  to  turn  the  capstan  roond  till  the  rope  or 
csd>le  tfocomes  strai^jU^ned,    To  Heave  the  ct^jptan,  to  turn  it  round.    Tm^&a^thfi 
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hady  to  throw  the  lead  oveiboard,  in  order  to  find  the  depth  or  water.    To  jETeore  Ok; 
tof^,  to  throw  the  log  overfooard,  in  order  to  calcalate  the  Vdocity  of  the  afajp'«  wajr. 
Heave  the  aquttoiy  that  is,  turn  it  round  with  the  hars.    Berne  handsemdif,  heave  gen^ 
tly  or  leisiirely.     Heave  hearty,  heave  strong  and  quick. 
Heave  of  the  $ea,  is  the  power  that  the  swell  oT  the  sea  has  upon  a  ship  in  diiving  her 

oat,  or  faster  on,  in  her  course,  and  for  which  allowance  is  made  in  the  day*B  wc^ 
Heel,  or  meline.     She  heels  to  port,  that  is,  inclines  or  lajs  down  upon  her  larboazd  or 

leftside.  , 

Hekn.     The  instrument  hy  which  the  ship  is  steered,  and  indudes  both  the  wheel  and 
the  tiller,  as  one  general  term.  Heim^s  OrUe,  that  is»  the  tiller  is  quite  down  to  leewarA 
f^h  and  dry.     The  situation  of  a  ship  when  so  far  run  agitNind  as  to  beseen  diyupoii 

the  strand. 
HUch.    To  make  last. 
Hoist    To  haul,  swaj,  or  lift  up. 
HoUf  is  the  space  between  the  lower  deck  and  the  bottom  of  the  ship,  where  her  stoma. 

&c.  lie. 
To  stow  the  holdi  is  to  place  the  things  in  it. 

To  hMd  Us  oum,  is  applied  to  the  relative  situation  of  two  ships  when  neither  adrances. 
upon  the  other  ;  each  is  then  said  toehold  its  own.  It  is  likewise  said  of  a  ship  wfaicb^ 
by  means  of  contrary  winds,  cannot  make  a  pi  ogress  towards  her  destined  ^rt,  bav 
which,  however,  keeps  near^  the  distance  she  had  thready  run. 
Homef  implies  the  proper  situation  of  any  object ;  as,  to  Joul  home  the  topsail  sheets, 
is  to  extend  the  bottom  of  the  topsail  to  the  lower  yard,  by  means  of  the  sheets. 
In  stowing  a  hold,  a  cask,  &c.  is  said  to  be  £om«,^wbea  it  lies  close  to  some  other 
object. 
Hvlk,    A^hip  without  masts  or  rigging  ;   abo  a  vessel  to  remove  masts  into  or  out  of 

ships  by  means  of  sheers,  from  whence  they  are  called  sheer  Auflb. 
Horse,     A  rope  reaching  from  the  middle  of  a  yard  to  its  arms  or  extremities,  for  (he 

men  to  stand  on  when  they  are  loosing,  reeing,  or  forling  a  saiL 
HuU  of  the  ship,  the  body  of  it    To  tey  «  AmO,  is  to  lay  to  with  only  asmftB  safl  in  a  g»ie 

of  wind.    To  hndl  a  vessel,  is  to  fire  a  shot  into  any  part  of  her  hufl. 
HiUl  down,  a  when  a  ship  is  so  far  off  that  you  can  only  see  her  masts.     To  kiMasUp 
to  fire  cannon  balls  into  herhull  within  the  point-bhink  range.     HuU  la— the  sitoa* 
tion  of  a  ship  when  she  lies  with  all  her  sails  furled :  as  in  try/ingi 
In  stays.     See  to  heave  m  stays. 

Jamming.    The  act  of  enclosing  any  ol^ect  between  two  bodies  so  as  to  render  It  im- 
moveable. 
Jeer  hloeks.    The  blocks  through  which  jeers  are  reeved, 
.reefs.     The  ropes  by  which  the  lower  yards  are  suspended. 

Jibb,    The  foremost  sail  of  a  ship,  set  upon  a  boom  ^hkh  runs  out  upon  the  bowsprits 
Jibb-boom,    A  spar  that  runs  out  upon  the  bowsprit 
JoUy-bodt,   A  small  boat 
Jisnk,    Old  cable,  or  old  rope. 
Jury-mast.    A  temporary  or  occasional  mast  erected  in  a  ship  in  the  plaee  of  one  wMch 

has  been  carried  away  by  accident,  tkt, 
Kedge.    A  small  anchor  with  an  iron  stock. 
tied.    The  principal  piece  of  timber  in  a  ship,  whidi  is  usually  first  laid  od  the  Udcks  ii^ 

building. 
Kee^'hmd,    To  drag  a  person  backwards  and  forwards  under  a  ship's  keel  for  ceftahl 

offences. 
KeckUd,    Any  part  of  a  cable,  covered  over  with  old  ropes,  to  prevent  its  sorfkce  fiwA 

nibbing  against  the  ship's  bow  or  fore-foot 
Td  keep  away.    To  alter  the  ship's  course  to  one  rather  more  large,  for  a  little  tone/ 1» 
avoid  lome  ship,  danger,  &c.    tCeep  mow  is  likewise  said  to  the  steersman  who  is  apt 
to  go  to  windward  of  the  ship's  course,  to  keep  ftdlr— To  keep  the  sails  disteided  by  the 
wind.     To  Keep  hold  of  the  land— to  steer  near'io  or  in  sight  of  the  land.    Th  Ke^sf 
—to  sail  off  or  keep  at  a  distance  from  the  shore.     To  Keep  the  land  vboard—4ie  same 
as  to  keep  hold  of  the  land.    To  Keep  the  Li/ff—io  continue  close  to  the  wmd.    Tb  kief 
the  toiiut— the  same  as  to  keep  the  Ivff. 
Kelson.    A  piece  of  tunber  forming  the  interior  of  the  keel ;  being  laid  on  the  middle 
of  the  floor  timbers  imuMdiately  over  the  keel,  and  serving  to  unite  die  former  ta  te 
latter. 
KenOedge,   Pigs  of  iron  for  banast,  laid  upon  the  floor,  n«ar  the  knlsoo,  fore  aad  aft« 
Kenk.    A  sort  of  twist  or  turn  in  a  cable  or  rope. 
Knippers.    A  laiige  kind  ofphted  rope,  which  beiog  twisted  twud  thfrBM»Be«0er  taa 

cable  in  weighing,  bind  them  together. 
tinta.    A  division  of  the  log-line,  answering  fai  the  calculatioa  Of  the  sfal^t  v^llKity,  t» 

One  mile.  ^  . 

To  Lahmar,     To  roti  Or  pitch  hcarify  \A  ft  turtwlent  ^.  Digitized  by  VjOOQIC 
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9M(ltn  &  Btdk,    Freighted  witfi  a  caiigo  not  p&ckod,  but  lying  \oose,  as  corn,  saltj  &(. 

Ixdd  id».  The  situation  of  a  ship  when  moored  in  a  harbour,  for  want  of  employ. 

lAmdfidL  The  fint  land  discovered  ailer  a  sea  voyage.  Thus  a  good  landfall  implid' 
the  land  expected  or  desired ;  a  bad  lend  fail  the  reverse. 

Zmd-loekid,  The  situation  of  a  ship  surrounded  with  land,  so  as  to  exclude  the  prosjfiect 
of  the  sea,  unless  over  some  intervening  land, 

l^miarda  of  the  shrouds,  are  the  small  ropes  at  the  ends  of  them,  by  which  they  are  faorve 
tant  or  ti^t. 

lAOfboard,  The  left  side  of  a  ship,  looking  towards  the  bead.  Larboard  Todb— the  situ- 
ation of  a  ship  when  saUing  with  the  wind  blowing  upon  her  larboard  aide. 

Lofk.    Tobiml. 

iMuncK'hOj  signifies  high  enough,  or  lower. 

Laifkig  the  Imd.  A  ship  which  increases  hec  distance  from  the  coast,  as  to  OEOE'e  it 
appear  lower  and  smaller,  is  said  to  lay  the  land. 

Leming-mnd,  >  A  fair  wind  fbr  a  ship's  course. 

Leak,  A  chink  or  breach  in  the  sides  or  bottom  of  a  ship,  through  which  the  water  sn^ 
ters  into  the  hull. 

Lee,  That  part  of  the  hemisphere  to  which  the  wind  is  directed,  to  distinguish  it  from 
the  other  part  which  is  called  to  windward.  Lee  Gage — a  ship  or  ileet  to  leeward  cf 
another  b  said  to  have  the  lee-gage.  Lee-Lurches — the  sudden  and  violent  rolls  which 
a  ship  often  takes  to  leeward,  in  a  high  sea,  particularly  when  a  laige  wave  strikes  her 
on  the  weather-side.  Lee-Q^uarler — that  quarter  of  a  ship  which  is  on  the  lee  side. 
IjU'Shore^ihzi  shore  upon  which  the  wind  blows.  Lee-nde — ^that  half  of  a  ship 
lengthwise,  wUeh  Ues  between  a  line  drawn  through  the  middle  of  her  length  and  the 
Mt  which  is  farthest  from  the  point  of  wind.  To  Leeward — ^towards  that  part  of  fUe 
horizon  to  which  the  wind  blows.  Leeward-Ship--tL  ship  that  falls  much  to  lee- 
ward of  her  course,  when  sailing  close  hauled.  Leeward  Tide — a  tide  that  sets  to  lee- 
ward. '  , 

Xiee-  TFoy.  The  lateral  movement  of  a  ship  to  leew&rd  of  her  course ;  or  th^  angle  whiqh 
the  line  of  her  way  makes  with  a  line  in  the  direction  of  her  keel. 

To  Lu  akng.    To  be  pressed  down  sideways  by  a  weight  of  sail  in  a  fresh  wind. 

Leeches,   The  borders  or  edges  of  a  sail. 

To  Lie  to.  To  Retard  a  ship  in  her  course,  by  arranging  the  soils  in  such  a  manner  as 
to  coonteract  each  other  with  nearly  an  equal  effort,  and  render  the  ship  almost  Hfi- 
moveable  with  respect  to  her  progressive  motion  or  head  way. 

Lifts,  The  ropes  which  come  to  the  ends  of  the  yards  from  the  mast-heads,  and  by  wh& 
they  are  suspended  when  lowered  down. 

JAmbers,  or  Lknber-hdes,  Square  holes  cut  through  the  lower  part  of  a  ship's  floor  tifn« 
bers,  Tery  near  the  keel ;  forming  a  channel  for  water,  and  communicating  with  tfi^ 
pump-well  throughout  the  whole  length  of  the  floor. 

LUt,    Incline.     The  ship  has  a  lisl  to  port,  that  is,  she  heels  |o  the  larboard. 

X^g-,  and  Log  Inic,  .by  which  the  ship's  path  is  measured,  and  her  rate  of  gomg  as^Si^- 
tained. 

Log-hoard,  on  whkh  is  marked  the  transactions  of  the  ship,  and  ftom  thence  it  is  eopii^lil 
into  the  log-book  every  24  hours. 

•f  Long  Sea.    A  uniform  motion  of  long  waves. 

Look  QtU,  A  watchful  attention  to  some  important  object  or  event  that  is  expected  fh 
arise.  Thus  persons  on  board  of  a  ship  are  occasionally  stationed  to  look  out  for  sig- 
nals, other  ships,  for  land,  fu:. 

To  Loose,    To  unftirl^Or  cast  loose  any  sail. 

To  Lsmtr,    To  ease  down  gradually. 

Zff^.  The  order  to  the  steersman  to  put  the  helm  towards  the  lee  side  of  the  ship  Sn 
order  to  sail  nearer  to  the  wind. 

To  make  a  board.  To  run  a  certain  distance  upon  one  tack,  in  beating  to  windward.  70 
wtkefmd  waUr-^^  muddy  the  water,  by  running  in  shallow  places,  so  that  thesK^''s 
bad  distlirbsthe  mud  at  the  bottom.  To  nudce  saU—io  increase  the  quantity  of  sail 
already  set,  either  by  unreefing  or  by  setting  others.  To  make  stem  wag— to  vtXxm 
or  move  with  the  stem  foremost.  To  make  the  landr— To  discover  it  from  aftr.  To 
fiui&etrdfo^-to  leak. 

To  mm  the  yard,  &c.  To  place  men  on  the  yard,  in  the  tops,  down  the  ladder,  l^cv  to 
esecnte  any  necessary  duties. 

3r«jt.    The  upright  timber  or  trees  on  xWhich  the  yards  and  saUs  are  set. 

MuUd.  '  Having  all  her  masts  complete. 

Mend  the  service.    Put  on  more  service.  ,  ^.     .  .. ,  . 

Meaaenger.  A  ^knall  kind  of  cable,  which  being  brought  to  the  capstan,  and  tfae  eihle  ^j 
wUdi  the  ship  rides  made  fast  to  it,  it  purchases  the  anchor. 

T§  miidle  arvpe.   .To  doable  it  into  tivo  equal  parts,  ^^  ^ 

^iMIfif,    6ee.^mr(e**ti>5.  Digitized  by  LjOOgle 
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To  miss  tttttfs\    A  sbip  is  sai^  to  miss  stays  when  her  head  will  not  fly  tip  into  thti  diiac'*^ 

tion  of  the  wind,  in  order  to  get  her  on  the  other  tack. 
Jfuen  mast.    The  mast  which  stands  abaft,  and  from  which  its  rigging  and  sails  ar6 

named  ;  as  of  the  sails,  mizen,  mizen-top-sail,  &e.  apd  so  also  are  the  other  aailsi 

&c.  named  from  the  other  masts. 
Jfoor,  is  to  secure  a  ship  with  two  anchors.    Mooring — securing  a  ship  in  a  particiilar 

station  by  chains  or  cables,  which  are  either  fastened  to  an  a^aoent  shore  or  to  uh 

chors  at  the  bottom.    Mooting  service — when  -  a  ship  is  moored,  and  rides  at  ani 

cable's  length,  the*mooring  serrice  u  that  which  is  at  the  first  splice. 
Mouse.  A  land  of  ball  or  knob,  wrought  upon  the  collar  of  the  Mays. 
Muster.    To  assemble. 

J^arrwfs.    A  small  passage  between  two  lands. 
Mope  Tides.    The  tides  in  the  first  and  last  quarter  of  the  moon,  and  are  not  eithei^ 

so  high,  so  low,  or  so  rapid  as  spring  tides.    A  ship  is  said  to  be  beneaped  when  she 

has  not  water  enough  to  ta^e  her  off  th^  ground,  or  over  the  bar,  &c. 
JV*ear,  or  nonear.    An  order  to  the  steersman  not  to  keep  the  ship  so  close  to  the  wind* 
J^nppers.    Certain  pieces  of  cordage  used  to  fasten  the  messenger  to  the  caUe  in 

healing  up  the  anchor. 
AbfAin^  ^.    A  term  used  by  the  man  at  thecun  to  the  steersman,  directing  him  not  id 

go  from  the  wind. 
Aun  buoy.    The  kind  of  buoys  used  by  ships  of  war. 
Oakum.    Old  rope  untwisted  and  puUed  open. 
Cff  and  on.    When  a  ship  is  beating  to  windward,  so  that  by  one  board  she  i , 

towards  the  shore,  and  by  the  other  stands  out  to  sea,  she  is  said  to  stand  \ 

shore. 

Qffmg-    To  seaward  from  the  land.    A  ship  isintke  offing,  that  is,  she  is  to  seaward,  at 
.  a  distance  from  the  land.    She  stands  for  the'offisig,  that  is)  towards  the  sea. 
Qffward.    From  the  shore,  as  when  a  ship  lies  aground  and  leans  towards  the  aea^  she 

is  said  to  heel  offioard. 
On  board.    Within  the  ship,  as,  he  is  come  on  board. 
On  the  beam.    Any  distance  from  the  ship  on  a  line  with  the  beams,  or  at  right  ang^ 

with  the  keel.     See  Bearing. 
On  the  bow.    An  arch  of  the  horizon,  comprehending  about  four  points  of  the  compass 

on  each  side  of  that  point  to  which  the  ship's  head  is  directed.    Thus,  they  say,  the 

ship  in  sight'  bears  three  points  on  the  starboard  bow ;  that  is,  three  points  towards 
,  the  right  hand,  from  that  part  of  the  horizon  which  is  right  arhead.  See  Bearmg. 
On  the  quarter.  An  arch  of  the  horizon,  comprehending  about  four  points  of  the  com- 
pass on  each  side  of  that  point  to  which  the  ship's  stem  is  directed.  See  CM  the  bow* 
Open.  The  situation  of  a  place  exposed  to  the  wind  and  sea.  It  is  also  eipressed  of 
.  any  distant  object  to  which  the  sight  or  passage  is  not  intercepted. 
Opfn  Hamse.    When  the  cables  of  a  ship  at  her  moorings  lead  straig^to  their  reapect-^ 

ire  anchors,  without  crossing,  she  is  said  to  ride  with  an  open  hawse. 
&rlop.    The  deck  on  which  the  cables  are  stowed. 
&Dei''board.    Out  of  the  ship  ;  as,  befell  OTer-board,  meaning  he  fell  out  of,  oriroDi 

the  ship. 
Ouergroum  Sea,  is  expressed  of  the  ocean  when  the  mtgea  and  billows  rise  extremdy 

dverhmU.    To  clear  away  and  disentangle  any  rope  ;  also  to  come  up  with  the  ebise  ; 

as  we  overhaul  her,  that  is,  we  gain  ground  of  her. 
QpeT'Rake.    When  a  ship  at  anchor  is  exposed  to  ahead-sea,  the  waves  of  which  break 

in  upon  her,  the  waves  are  said  to  over-rake  her. 
Over-set.    A  ship  is  over-set  when  her  keel  turns  upwards. 
Out'of-trim.    The  state  of  the  ship  when  she  is  not  property  balanced  for  the  purposei 

of  navigation. 
Parcel  a  rope.    Is  to  put  a  quantity  of  old  canvass  upon  it  before  the  service  is  put  on. 

Parcel  a  seam — ^is  to  lay  a  narrow  piece  of  canvass  over  it  after  it  is  caulked,  before  it 

it  is  payed. 
Parliament  heel.    The  situation  of  a  ship  when  she  is  made  to  stoop  a  little  to  one  aide, 

so  as  to  clean  the  upper  part  of  her  bottom  on  the  other  side.    See  Boot-toppb^. 
Parting,     Being  driven  from  the  anchors,  by  the  breaking  of  the  cahls. 
PawL    A  short  bar  of  wood  or  iron  fixed  close  to  the  «,apstan  or  windlass  of  a  ship,  to 

prevent  those  engines  from  rolling  back,  or  giving  way,  when  they  are  chaiged  with 

any  great  effort. 
To  Pawl  the  capstan.    To  fix  the  pawls  so  as  to  prevent  the  capstan  firom  neoSSm^^ 

during  any  pause  of  heaving. 
To  pay.    To  daub  or  cover  the  surihce  of  any  body  with  pitch,  tar,  &c.  in  order  to  pre- 
vent it  firotai  the  injuries  of  the  weather.  .  i 
To  pay  away  or  pay  out.    To  slacken  a  cable  or  other  rope,  so  as  to  -let  it  run  out  for 

seme  particular  puipose.  uiyiuzeu  uy  -^^j  v^v^'pc  1%^ 
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^o  foy  iff»    To  move  a  slup's  head  to  ieewird. 

7o  pew  <Ae  mtzcn.    To  put  up  the  mlzen  yard  peipendicnlar  by  the  vaajiU 

Teek.    To  ride  a  stay  peck,  b  when  the  caUe^  and  the  fore-slay  form  a  line.      To  lid^ 

a  skori  peeky  is  when  the  cable  is  so  much  in  as  to  destroy  the  line  formed  by  the  stay- 
peck.    To  ri<U  with  ike  yards  a  peck^  is  to  have  them  topped  up  by  contrary  Ufts,, so 

as  to  represent  St.  Andrew's  cross. 
JPendant,    The  long  narrow  flag  worn  at  the  mast-head  by  all  ships  of  the  navy.    Brace 

Pendants — are  those  ropes  which  secure  the  brace-blocks  to  the  yard  arms,  and  are  in 

general  double,  in  ease  of  one  being  shot  away,  the  other  may  secure  the  yards  in  it§ 

proper  position- 
Mnad  Pendant.    A  kind  of  flag  terminating  in  a  point  used  to  distinguish  the  chief  of 

a  squadron. 
JNtekhtg,    The  movement  of  a  ship,  by  which  she  plunges  her  head  and  alter  part  al- 
ternately into  the  hollow  of  the  sea. 
Paint-^Uank.    The  direction  of  a  gun  when  le?eUed  horizontally. 
Paints,    A  number  of  plated  ropes  made  fast  to  the  sails  for  the  purpose  of  reefing. 
Poop.    The  highest  and  aftermost  deck  of  a  ship. 
Poofmg.    The  shock  of  a  high  and  heavy  sea  upon  the  stem  or  quarter  of  a  sht^, 

when  she  scuds  l^forc  the  wind  in  a  tempest. 
Porr.    A  name  given  on  some  occasions  to  the  larboard  side  of  the  ship  ;  w,  the  sHIp 

heels  to  port,  top  the  yards  to  port,  &c. — also,  a  harbour  or  haven. 
PUfts,    The  holes  in  the  ship's  sides  from  which  th«  guns  are  fired. 
Port  the  helm !    The  order  to  put  the  helm  over  to  the  larboard  side. 
Port4ast,    The  gunnel. 

Press  rf  SttiL    All  the  saU  that  a  ship^can  set  or  carry. 
Preventer.    An  additional  rope  employed  at  times  to  support  any  other,  when  the  lat^Br 

suflers  an  unnsval  strain,  particuhurly  when  blowing  fresh,  or  in  a  gale  of  wind. 
Pudding  and  DolpMn.    A  large  and  lesser  pad  made  of  ropes,  and  put  round  the  mast 

under  the  lower  yards. 
Purchase.    Any  sort  of  mechanical  power  employed  in  raising  or  moving  heavy  bodies. 
Q,iuBrter8.    The  respective  stations  of  the  officers  and  people  in  time  of.  action.     Qtur- 

Uring,  distributing  the  men  into  difi*erent  places.     Q.tutrter'biHf  the  list  of  the  ship's 

company,  with  their  stations  for  action  noticed. 
4i}aarlemomd,  is  when  the  wind  blows  in  flrom  that  part  of  the  horizon  situated  on  thie 

quarter  of  the  ship.     See  On  the  quarter. 
#M0tf,  is  a  rope  or  cable  kid  up  round,  one  (kke  over  another. 
To  Boise.    To  elevate  any  distant  object  at  sea  by  approaching  it ;  thus,  to  raise  the 

land  is  used  in  opposition  io  lay  the  land. 
To  Rake.    To  cannonade  a  ship  at  the  stem  or  head,  so  that  the  balls  scoor  the  whole 

length  of  the  decks. 
iZong's  oj  Cable.    A  sufficient  length  of  cable  drawn  upon  deck  before  the  anchor  is  cast 

looee,  to  admit  of  its  sinking  to  the  bottom  without  any  cheek. 
Ratiitus.    The  small  ropes  fastened  to  the  shrouds,  by  which  ihe  men  go  aloft. 
Reach.    The  distance  between  any  two  points  on  the  banks  of  a  river,  wherein  (he 

current  flows  in  an  uninterrupted  course. 
Meady  about !    A  command  of  the  boatswain  to  the  crew,  and  implies  that  all  the  hands 

are  to  be  attentive  and  at  their  stations  for  tacking. 
Rear.    The  last  division  of  a  squadron,  or  the  last  squadron  of  a  fleet.    It  is  applied 

likewise  to  the  last  ship  of  a  Une,  squadron,  or  division. 
Reaf.    Part  of  a  sail  firom  one  row  of  eyelet-holes  to  another.    It  is  applied  likewise  tqt 

a  chain  of  rocks  lying  near  the  surface  of  the  water. 
Re^ng.    The  operation  of  r^ucing  a  sail  by  taking  in  one  or  more  of  the  reefs. 
To  Reeve.    To  pass  the  end  of  a  rope  through  any  nole,  as  the  channel  of  a  block,  thi^. 

carity  of  a  thimble,  ^. 
Rendenng.    The  giving  way  or  yielding  to  the  eflbrts  of  some  mechanical  power.    It  ik 

used  in  opposition  to  jambing  or  sticking. 
Ribs  of  a  ff£^.    A  figurative  expression  for  the  timbers. 
Ride  at  anehoTf  is  when  a  ship  is  held  by  her  anchors,  and  is  not  driven  br  wind  or  tide. 

To  rids  atkwarty  is  to  ride  with  the  ship's  side  to  the  tide.    To  ride  huose  faUen^ia 

when  Ihe  water  breaks  into  the  hawse  in  a  rough  sea. 
JK^gwif  .    A  genera]  name  given  to  all  the  ropes  employed  to  support  the  masto,  to  ei^- 

tend  or  reduce  the  ^sails,  or  to  arranoe  them  to  the  disposition  of  the  wind. 
R^;:hting.    Restoring  a  ship  to  an  upmht  position,  either  after  she  has  been  laid  on  a 

careen,  or  after  she  has.been  pressed  down  on  her  side  by  the  wind. 
Ta  r%AI  the  hdm,  is  to  bring  it  into  nudships,  after  it  has  been  pushed  either  to  starboanl 

or  larboard. 
'  f^igguig^*  ^oonu    The  numiog  out  a  pole  at  the  end  of  a  yard  to  extend  the  foot  of 

a  sail.  jiyiLizeu  uy  ■XwJ  v^  v_y pt  iv^ 

7o  Hg  ihe  capstem.    To  ib  tt«  ban  in  tkeir  Kspective  holes.  ^ 


^60  EXPLANATION  OF  SEA  TERMS. 

Bfiodm    A  place  near  the  land  where  ships  may  anchor,  but  which  is  BOi  shelt^o^. 

JKp6«iib,  or  Roptbands.  Short  flat  pieces  of  plaited  rope,  having  an  eye  worind  at  bike 
find ;  they  are  used  in  pairs  to  tie  the  upper  edfes  of  the  square  sails  to  thehr  respeetiv/k 
yards. 

RMng.    The  motion  by  which  a  ship  rocks  (ronrside  to  side  like  a  craffle. 

Rov^k'Trtt,  A  name  applied  to  any  mast,  yard,  or  boom,  placed  in  merchftnt  ahif^y 
as  a  rail  or  fence  above  the  vessel's  side,  from  the  quarterdeck  to  the  fore-castle. 

Rgtun^&ng-in*  The  pulling  upon  any  rope  which  passes  through  one  or  more  Mocks  in 
a  direction  nearly  horizontal ;  as,  round  in  tho  weather-braces. 

Rmm/diiig,    Old  ropes  fastened  on  the  cable,  near  the  anchor,  to  keep  it  from  chafiog. 

^mmA'twrn,  The  situation  ^f  the  two  cables  of^  a  ship  when  moored,  after  they  have 
been  several  times  crossed  by  the  swinging  of  the  ship. 

IS^mmdmg-^,  Similar  to  rcunding-vn^  except  that  is  applied  to  ropes  and  blocks  which. 
ai;t  in  a  perpendlcuhir  direction. 

To  Row,    To  move  a  boat  with  oars. 

Rfwtmg,    Pulling  up  a  cable  or  rope  without  the  assi  tance  of  tackles. 

Rudder.    The  machine  by  which  the  ship  is  steered. 

RvUoek,    The  niche  in  a  boat's  side,  in  which  the  oars  are  used.  ' 

Run.  The  aftermost  part  of  a  ship's  bottom,  where  it  grows  extremely  narrow  as  Uie 
stern  approaches  the  stem-post.  Run  b  also  the  distance  sailed  by  a  «hip  :  and  is 
Ukewise  used  by  sailors  to  imply  the  agreement  to  work  a  siqgle  pasai^  uom  one 
place  to  another. 

T&nmouia  warp.  To  carry  the  end  of  a  rope  out  from  a  ship,  in  a  boat,  a^d  fasten 
it  to  some  ^tant  object,  so  that  by  it  the  ship  may  be  removed  by  pulling  on  it 

Togogto  Ucward,    To  make  considerable  lee- way. 

SdS&ng-trim  is  expressed  of  a  ship  when  in  the  best  state  for  sailing. 

She  sands  or  sends.     When  the  ship's  head  or  stem  falls  deep  in  the  trough  of  the  i<6tu 

ScaUmg.  The  variation  of  the  wind,  by  which  it  becomes  unfavourable  to  a  ship's 
making  great  progress,  as  it  deviates  from  bping  large,  and  obliges  the  vessel  to  steer 
dose  hauled,  or  nearly  90. 

Smd,  To  go  right  before  the  wind  ;  and  going  in  this  direction  without  any  sail  si^ 
is  called  spooning.' 

SaOiUng.  Cutting  large  holes  through  the  bottom  or  sides  of  a  shqi,  either  to  sink  her» 
.  cor  to  unlade  her  expeditiously  when  stranded. 

Sea,  A  large  wave  is  so  called.  Thus,  they  say  a  heavy  sea.  It  in^Kes  likewise  the 
agitation  of  the  ocean,  as,  a  great  sea.  It  expresses  the  direction  of  the  wave*,' as,  a 
head  sea.  A  Umg  sea  means  a  uniform  and  steady  motion  of  long  and  extensive  waves  ; 
^9l  short  sea,  on  the  contrary,  is  when  they  run  irregularly,  broken,  and  interrupted. 

Sea-hoai.    A  vessel  that  bears  the  sea  firmly,  without  straining  her  masts,  &C. 

SiOrdathes.    Jackets,  trowsers,  &c. 

Sea-mark,    A  point  or  object  on  shore  conspicuously  seen  at  sea. 

Sea-room.  A  sufficient  distance  from  the  coast  or  any  dangerous  rocks,  &€•  so  that  a  nbip 
may  perform  all  nautical  operations  without  danger  of  shipwreck. 

$filxe.    To  bind  or  make  fast. 

S/trve.  To  wind  something  about  a  rope  to  prevent  it  from  chafing  or  fretting*  The 
service  is  the  thing  so  wound  about  the  rope. 

SeUing.    The  act  of  observing  the  situation  of  any  distant  ol^ectby  the  compass.     . 

TosH  saiL  To  unfurl  add  expand  the  sails  to  the  wind,  in  order  to  give  motion  to  tbe 
ship. 

To  set  up.  To  increase  the  tension  of  the  shrouds,  back-stays,  &c.  by  tackles,  lani- 
ards, &c.  •  , 

Settle,    To  lower ;  as,  setUe  the  topsail  haUtards,  lower  them. 

To  settle  the  land.    To  lower  in  appearance.    It  is  synonymous  with  to  laifihe  land* 

Shank.    The  beam  or  shaft  of  an  anchor. 

Shank-painter.  The  rope  by  which  the  shank  of  the  anchor  is  held  up  to  the  ship^s 
side ;  is  also  made  fast  to  a  piece  of  iron  chain,  in  which  the  shank  of  the  anchor  lodges. 

To  sht^  a  course.  To  direct  or  appoint  the  track  of  a  ship,  in  order  to  proseeute  a 
▼oysge. 

Sheer,  The  sheer  of  the  ship  is  the  curve  that  is  between  the  head  and  the  stem  i^on 
her  side.     The  ship  sheers  nbovtj  that  is,  she  goes  in  and  out. 

To  sheer  off.    To  remove  to  a  greater  distance. 

Sheersy  are  spars  lashed  together  and  raised  up  for  the  purpose  of  setting  oat  or  in  a  mast 

Sheet.  A  rope  fastened  to  one  or  both  of  the  lower  comers  of  a  sail,  in  order  to  ex- 
tend and  retain  it  in  a  particular  situation.  When  a  ship  sails  with  a  aide  wind,  the 
lower  comer  of  the  main  and  fore-sails  are  fastened  by  a  tack  and  a  sheet,  the  former 
being  to  windward,  and  the  latter  to  leeward  ;  the  tack  is,  however,  only  disused 
iviCh  a  stem  wind,  whereas  the  sail  is  never  spread  without  the  assistance  of  one  or 
both  of  the  sheets ;  the  stay-sails  and  studden-sails  have  only  one  tack  and  one  shecA 
e.sch  ,  Che  stay-sail  tatks  are  fhstened  forward,  and  Che  sheets  dj^ivn  aft,  but  the 
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^1liidden'4rail  tacks  dcaw  the  outer  corner  of  the  sail  to  tbe  eztmnity  •f  tbe  tettftt 

irhOe  the  sheet  is  employed  to  extend  the  inner  comer. 
To  9ke€t  home.    To  haul  the  sheets  of  a  sail  home  to  the  block  on  the  yard-arm. 
To  thift  the  helm.    To  alter  its  position  from  ri^ht  to  left,  or  from  left  to  ri|^t 
7o  thip.    To  take  any  person,  goods,  or  thing  on  board.    It  also  implies  to  fii  any  ttaog; 

in  ifts  proper  place,  as,  to  ship  the  oars,  to  fix  them  in  their  ruUocks. 
Ship-ahape.    In  a  seaman  like  manner  j  as,  that  mast  b  not  rigged  ah^shsfe ;  pot  ter 

id>oat  ship-shape,  &c. 
Shivering.     Ilie  state  df  a  sail  when  flotterin^  in  the  wind. 
ShoaL    Shallow. 
Shoe  the  anchor.    A  smidl  block  of  wood,  coutcx  on  the  back,  and  hanaf  a  hole  miffih 

ciently.  large  to  contain  the  point  of  the  anchor-fluke  on  the  Core  side ;  it  is  vted  |« 

pre?ent  the  anchor  from  tearing  the  {>ianks  on  the  ship's  bow,  when  ascending  oc 

descending.  * 

To  shoot  a-headi  t  To  advance  forward. 
Shore.    A  general  ^name  for  the  sea  coast  of  any  country. 
To  shorten  saiL     Csed  in  •pposition  to  tiuike  sml. 
Shrouds.     A  range  of  large  ropes  extended  from  the  mast  heads  to  the  right  and  UH 

sides  of  a  ship,  to  support  the  masts,  and  enable  them  to  carry  sasL  , 

StnneiX.     A  small  plaited  rope,  made  from  rope-yams. 
Slachwater.    The  interrai  between  the  flux  and  reflux  of  the  tide,  when  no  motion  i» 

perceptible  in  the  water. 
SUitchf  b  applied  to  the  period  of  a  transitory  breeze. 

To ^p  the  cttble.    To  let  it  run  quite  out  when  ^ere  is  not  time  to  weigh  the  anchor. 
To  shte.    To  turn  any  cylindrical  piece  of  timber  about  its  axis  without  removing  itw 

Thus,  to  shu  a  nuut,  qt  600m,  is  to  tun  it  in  its  cap  or  boom  iron.    Also  to  turn  any 

package  or  cask  round. 
Sound.    To  try  the  depth  of  water. 
Sounding4ine.    A  line  to  sound  with,  which  is  marked  in  the  following  manner  :^-BIacft 

leather  at  2  and  3  fathoms,  white  at  5,  red  at  7,  black  at  10,  white  at  13,  (some  sea- 

men  use  black  at  10  and  13)  white  at  15  as  at  5,  red  at  17  as  at  7,  two  knots  at  10 

fathoms,  and  an  additional  knot  at  every  ten  fathoms,  with  a  single  knot  midway  be- 
tween each  10  fathoms,  to  mark  the  line  at  every  fire  fathoms* 
To  spell  thke  Mizen.    To  let  go  the  sheet  and  peek  it  up. 
To  spill.    To  discharge  the  wind  out  of  the  carity  or  belly  of  a  tail,  whan  it  is  drawn 

up  in  the  brails,  in  order  to  furl  or  reef  it. 
SpiUing  litus,  are  ropes  contrived  to  keep  the  sails  from  being  blown  away,  when  they 

are  clewed  up  in  blowing  weather. 
Splice.    To  make  two  ends  of  ropes  fast  together  by  untwisting  them^  and  than  putting 

the  strands  of  one  piece  with  the  strands  of  the  other. 
SpUt.    The  state  of  a  sail  rent  by  the  violence  of  the  wind. 
Spoonrdrift.    A  sort  0^  showery  sprinkling  of  the  sea  water,  swept  from  the  suxfiuse  of 

the  waves  in  a  tempest,  and  flying  like  a  vapour  before  the  wind. 
Spray.    The  sprinkling  of  a  sea,  driven  occasionally  from  the  top  of  a  wave,  and  not 

continual  as  a  spoon-drift 
To  spring  a  most,  yordy  ^.    To  crack  a  mast,  yard,  &c.  by  means  of  straining  in  blow- 

ing  weather,  so  that  it  is  rendered  unsafe  for  use.     To  spring  a  leak.    When  a  leak 

fint  commences,  a  ship  is  said  to  spring  a  letA.     To  spring  phe  hff.    A  ship  is  said  to 

spring  her  luff,  when  she  yields  to  the  efibrt  of  the  hehn,  by  sailing  nearer  to  the  wind 

than  before. 
Sprtng'StaySy  are  rather  smaller  than  the  stays,  aad  placed  above  thim,  and  intended  to 

answer  the  purpose  of  the  stay,  if  it  shouid  be  shot  away,  kt. 
Spring-tidesj  are  the  tides  at  new  and  full  moon,  which  flow  higfaeat  and  ebb  lowest. 
8pttr&tg  IJne,  4a  a  line  that  goes  round  a  small  barrel  abaft  the  barrel  of  the  wheel, 

and  coming  to' the  front  beam  of  the  poop  deck,  moves  the  teD-tale  with  the  taming 

of  the  wheel,  and  keeps  it  always  in  such  position,  as  to  show  the  position  of  the  tiller. 
Spur-shoeSf  are  large  pieces  of  timber  which  come  abaft  the  pump- well. 
Squally    A  sudden  violent  blast  of  wind. 

Square.    This  term  is  applied  to  yards  that  are  very  long,  as  taunt  is  to  high  masi^ 
To  square  the  yards.    To  brace  the  yards  »o  as  to  bang  at  right  angles  with  the  kael. 
To  stand  on.    To  continue  advancing.     To  stand  in.    To  advance  towards  the  sfaoift. 

To  stand  qff.    To  receda  from  the  shore. 
Starboard.    The  right  hand  side  of  the  ship  when  lo<*iog  forward.    'SUirhoard-taek, 
'  A  ship  is  said  to  be  on  the  starboard  taek  when  sailing  with  the  wind  blowing  upon 

her  starboard  side. 
Starboard  the  kdm !    An  order  to  push  the  helm  to  the  starboard  side. 
Tostayaskip.    To  arrange  the  sails  and  mave  the  mdder  so  as  to  bring  tiie  ship's  Head 

to  the  direction  of  the  wind,  in  order  to  get  her  onjthe  othor  tack,     ^y  ^-^  ^  ^5  ^^ 
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^(^9.    Lu|^  ropM  o^miiig  fram  the  mast  haads  d«wii  befoie  the  masCS}  tip  pteiSBRt 

diem  from  spriosiiig,  when  the  ship  is  sendiiig  dee^ 
^Uadg  I    The  order  to  the  helmsman  to  keep  the  ship  in  Ihe  directioii  she  is  going  M 

that  instant. 
BUering.    The  art  of  direetinc;  the  ship's  way  by  the  movement  of  the  helm. 
ISteerage^ufay.    Such  degree  of  progressiTe  motion  of  a  ship  as  wiH  give  eibet  to  the 

motion  of  the  helm. 
6ienL    A  circular  piece  of  timber,  into  which  the  two  sides  of  a  ship  are  united  at  th.e 

fore  end ;  the  lower  end  is  scarfed  to  the  keel,  and  the  bow^irit  rests  on  the  upper 

end.  \ 

T9  sUm  the  tide.    When  a  ship  is  sailing  against  the  tide  at  soch  a  rate  as  enables  h$r 

to  overcome  its  power,  she  u  said  to  $tem  the  tide, 
SUeve.    Turning  up.    The  bowsprit  steeTCs  too  much,  that  is,  it  b  too  upright 
Stemfaat,    A  rope  confining  a  ship  by  her  stem  to  any  other  ship  or  whatf. 
Stemmost.    The  furthest  astern,  opposed  to  head}no8L 
Siemway.    The  motion  by  which  a  ship  falls  back  with  her  stem  foremost 
SHff,    The  condition  of  a  ship  when  she  will  carry  a  great  quantity  of  sail  withffi^t 

hazard  of  oversetting.    It  is  used  in  opposition  to  crank. 
Stoppert.    Laige  kind  of  ropes,  whfeh,  heing  fastened  to  the  cable  in  different  plafiss 

abaft  the  bitts,  are  an  additional  securitv  to  the  ship  iA  anchor. 
7o  ^ow.    To  arrange  and  dispose  a  ship's  cargo. 
&nmd.    One  of  the  twists-or  divisions  of  which  a  rope  is  composed.    It  also  ioplita 

the  sea  beach. 
Strmded,    This  term,  speaking  of  a  cable  or  rope,  signifies  that  one  of  its  strands  is 

broken :  applied  to  a  vessel,  it  means  that  she  has  mn  aground  and  is  lost 
3*s  airemn  the  fntoy.    To  let  it  fall  from  the  ship's  side  into  the  water,  previously  to  cast^ 

ing  anchor. 
Sireich  out.    A  term  used  to  men  in  a  boat  when  they  should  pull  strong. 
Xb  strike.    To  lower  or  let  down  any  thing.    Used  emphatically  to  denote  the  lowetfng 

of  colours  in  token  of  surrender  to  a  victorious  enemy. 
2b  sfriikc  sounding-.    To  touch  ground  when  endea?ouring  to  find  tiie  depth  of  water. 
Suedf  or  Seteed,     When  a  ship  is  on  shore  and  the  water  leaves  her,  ^  is  said  to  (e 

sued  ;  if  the  water  leaves  her  two  feet,  she  sues,  or  is  sued  two  feet 
Smf,    The  swell  of  the  sea  that  breaks  upon  shore  or  on  any  rock. 
To  iurge  the  eapttem.    To  slacken  the  rope  heaved  round  upon  it 
Sway  awtty.     Hoist 

Bum,    Ihe  fluctuating  motion  of  the  sea  either  during  or  after  a  stonn. 
Sweeping,    The  act  of  dragging  the  bight  or  loose  part  of  a  rope  along  the  .surfhce  4>f 

the  ^pround,  in  a  haibour  or  road,  in  order  to  drag  up  something  lost 
Swkigmg,    The  act  of  a  ship's  turning  round  her  anchor  at  the  change  of  wind  or  tide. 
To  tack,    To  turn  a  ship  about  from  one  tack  to  another,  by  bringing  her  head  to  the 

wind. 
Tajfarel,    The  uppermost  part  of  a  ship's  stem. 
Taking  in.    The  act  of  ftirling  the  sails.    Used  in  opposition  to  aeUtog. 
Taking  abaek.    Seea^ack, 
Tamktna,  or  Tomkins.    The  bung,  or  piece  of  wood,  by  which  the  mouth  of  a  camiffO 

is  filled  to  keep  out  wet 
JStrpauHn,    A  cloth  of  canvass  covered  with  tar  or  some  other  compoaitioD,  so  as  fp 

niake  it  water  proof. 
TimghL    Improperly  though  very  generally  used  for  HfhL 
Tmmt,    Uigfaortall.     Particularly  applied  to  masts  of  extraordinary  length. 
Tdt-tale,    An  instmment  which  traverses  upon  an  index  in  the  firont  of  the  poop-decB^ 

to  show  the  position  of  the.tiller. 
Ten^ta^.    The  tumins  or  swinging  of  a  ship  round  her  anchor  in  a  tide- way  at  the  lue- 

ginning  of  ebb  and  flood. 
Thwart.    Seta-thwart,     Thwart  shipe,    See  a-thwart  sh^. 
Thus.    An  order  to  the  helmsman  to  keep  ^le  ship  in  her  present  sitnation,  when  s^* 

ing  with  a  scant  wind. 
To  tide.    To  woik  in  or  oat  of  a  river,  hartKrar,  or  channel,  by  favour  of  the  tide,  fiJiA 

anchoring  whenever  it  becomes  adverse. 
Tide  it  tq».    To  go  with  the  tide  against  the  wind. 

Tide-way,    That  part  of  the  river  in  which  the  tide  ebbs  and  flows  strongly. 
THer.    A  row  ;  as  a  tier  of  gu^s,  a  tier  of  casks,  a  tier  of  ships,  &c.  Tier  ofr«  taUt, 

A  range  of  the  fakes  orvindings  of  a  cable  which  are  laid  within  one  anotker,  in -a 
horizontal  position.     CabU  Ttfr— the  space  in  the  mkbt  of  a  eable  when  it  is  eoiled  ; 

also  the  place  hi  which  it  is  coiled. 
XiOm    A  laige  piece  of  wood  or  beam,  put  into  the  head  of  the  fudderi  and  by  mcVe 

of  which  the  rudder  is  moved.  jiyiuzi3;u  uy  ^•^j'»^v_y-i  i^ 

Tcpptng.    FnDivfloiietif  Ike ei»ls«f«y«d hotter  thm  the  oftar. 
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iWor  T«tf,  ngniftes  ti|^t 

Td  T0m.    To  draw  aship  in  the  water  bj  arope,  ftied  to  a  boat  or  other  ship  wliicb  ia 

rowing  or  sailing  on. 
^m»4nu.    A  small  hawser,  or  rope,  used  to  nanove  a  ship  from  one  p&rt  of  a  harbour 

to  another. 
^^rmuemu.    Certain  beams  or  (jmbers  extended  across  the  stempoet  of  a  ship  to  foftifj 

her  after  part,  and  to  gi^  it  the  6giire  moot  suitable  to  the  service  for  which  die  is 

caknlated. 
9Vai^«e.    To  go  backwards  and  forwards. 
^emaU  or  Tnmndt,    Long  wooden  pins  employed  to  connect  the  ptanks  of  the  ship*s 

side  and  bottom  to  the  corresponding  timbers. 
TVep-Mtf.    A  small  sail  used  by  cutters  and  brigi  hi  blowing  weather. 
Triee^  Mee  up.    To  haul  up  azid  fasten. 
Trim,    The  state  or  disposition  by  which  a  ship  is  best  calculated  for  the  puiposef  6f 

navigation.     To  trkn  the  kolt^^to  arrange  the  cargo  regularly.     To  trim  the  mfai    tft 

dispose  the  sails  in  the  best  arrangement  for  the  course  which  a  ship  is  steering. 
To  trip  the  muhar.    To  loosen  the  anchor  from  the  ground,  either  by  design  or  accident 
"*     ghqfthe  8etu    The  hollow  between  two  waves. 


ruse.    A  round  piece  of  wood  put  upon  the  top  of  ilag-etaves,  with  sheaves  on  ead 

side  for  the  haliards  of  the  fltgs  to  reeve  in. 
Turning  to  iHndiMrd.    That  operation  in  sailing,  whereby  a  ship  endeavours  to  td* 

vanoe  against  the  wind. 
To  UnbaSUut.    To  discharge  the  ballast  out  of  a  ship. 
To  Unbend.    To  take  the  sails  off  from  their  yards  and  stays.    To  east  loose  the  Vt" 

ehox  fltmi  the  caUe.    To  untie  two  ropes. 
To  UnbU,    To  remove  the  turns  of  a  cable  ftvm  off  the  bits. 
Under  foci,  is  expressed  of  an  anchor  that  is  directlv  under  the  ship. 
Under  tdlf  or  under  tooy.    When  a  ship  is  sailing  she  is  said  to  be  under  ukni. 
Under  the  lee  ^  the  ohore,  is  to  be  dose  under  the  shor&  which  Ues  to  windward  of  Cbe 

sh^* 
Vnfierl    Cast  loose  the  gasket  of  the  sail. 
To  Unmoor,    To  raduce  a  ship  to  the  atate  of  riding  at  single  anchor,  after  she  has 

been  moored. 
To  Uwteoe,    To  draw  a  rope  from  out  of  a  block,  timber,  &e. 
To  Uwhg.    To  deprive  the  ship  of  her  riggiug. 

l/erou.    The  piece  of  wood  by  which  the  legs  of  the  crow*foot  are  extended. 
Kan.    The  foremost  divUiion  of  a  fleet  in  one  line.    It  is  likewise  applied  to  the  fore-^ 

most  ship  of  a  division. 
Fsne.    A  small  kind  of  flag  worn  at  eaeh  mast  head. 
To  Veer  or  Wear  the  ahip.    To  change  a  ship's  course  from  one  tack  to  the  etiief}  by 

turniut  her  stem  to  windward. 
Vetr,    Let  out,  as  veer  away  the  cable. 
Veer^    Shift.    The  wind  veers,  that  is,  it  shifts,  changes.   • 

7^  Veer  md  HauL    To  putt  a  rope  tight  by  alternate^  drawing  it  in  and  slackeninc  lit 
Vid  or  VeyaL    A  block  through  which  the  messenger  passes  in  weighing  the  aadkor. 

A  laige  messenger  is  called  a  vioL 
Wdce.    The  path  or  track  unpressed  on  the  water  by  the  ship's  passing  through  it, 

leaving  a  smoothness  in  the  sea  behind  it    A  ship  Is  said  to  come  into  the  wake  of 

another  when  she  follows  her  in  the  same  track,  and  is  chiefly  done  in  bringing  ships 

to,  or  in  forming  the  line  of  battle. 
ITofet,  are  strong  timbers  that  go  round  a  ship  a  little  above  her  water-Hue. 
Warp,    A  siball  rope  employed  occasionally  to  remove  a  ship  from  one  placo  .fV 

another. 
To  Warp,    To  remove  a  ship  by  means  of  a  waip. 

WaioL    Thataart  of  a  ship  contained  between  the  quarter  deck  and  the  fore-castle. 
Water  Une,    The  line  made  by  the  water's  edge  when  a  ship  has  her  fiill  proportion  of 

stores,  &c.  oi  board. 
WoUi^bome,    The  state  of  a  ship,  when  there  is  barely  a  soflkient  depth  of  water  to 

float  her  off  from  the  ground. 
Waterlogged.   Thestateof  a  ship  become  heavy  and  inactive  on  the  sea,  ft«m  the  great 

quantb^  of  .witer  leaked  into  her. 
ITefsi^^*!.   Tke  state  of  a  ship  when  not  leaky.  ^       .  _ 

Weather.    To  waather  any  thing  is  to  get  to  windward  of  it    Synonymous  with  wind- 


iroaOor-^eofai.  Shatteied  by  a  storm.  Weather-hU.  A  turn  of  the  cable  about  thh 
end  of  the  wfaidW.  Weather-gage.  When  a  ship  or  fleet  is  to  windward  of  ano- 
ther, sheis  said  to  have  the  weather^gage  of  her  Wtather^fuarter.  That  quarter  of 
llw  ship  whieb  iaon  the  windward  dde.    Weatker-side.    The  side  upon  which  the 

wind  Mows.  uiymzeuuy  ^•^^^^^^i^ 
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Tt  Weigh  Anehar.    To  heave  up  an  anchor  from  the  bottom. 

To  VHrnd  a  Shtp.    To  change  her  position,  bringing  her  head  irhere  her  stem  was. 

Wind  road.     When  a  ship  is  at  anchor,  and  the  wind  being  against  the  tide,  is  so  strong' 

as  to  overcome  its  power  and  keep  tlie  ship  to  leeward  of  her  anchor)  die  is  said  to 

be  wmd-Toadm 
'  WhUPt  eye.    The  point  from  which  the  wind  blows. 

To  WinJiDord.    Towards  that  part  of  the  horizon  from  which  the  wind  blows. 
Wmdward  Tide,    A  tide  that  sets  to  windward. 
To  Work  a  ship.    To  direct  the  movements  of  a  ship  by  adapting  the  saJb  and  managing 

the  mdder  according  to  the  coarse  the  ship  has  to  make. 
To  work  to  windward.    To  make  a  progress  against  the  direction  of  the  wind. 
WoeU.    To  bind  round  with  ropes. 
Yords,    The  spars  upon  which  the  sails  are  spread. 
Ymrtng.    The  motion  of  a  ship  when  she  deviates  from  her  course  to  the  right  or  left. 


EVOLUTIONS  AT  SEA. 


Of  Ihe  BaOast  and  Lading, 

WHEN  a  ship  is  loading,  it  should  be  considered  that  her  tendency  to  pitch  or  roll 
Sqpends  not  alone  on  her  form,  but  even  more  upon  the  distrftution  of  the  heaviest 
parts  of  her  caigo. 

Particular  attention  is  to  be  paid  to  moderate  her  pitching,  as  that  is  what  most  fa- 
fjgDes  a  ship  and  her  masts  :  and  it  is  mostly  in  one  of  these  motions  that  nkasts  are 
seen  to  break,  particularly  when  the  head  rises  after  having  pitched.  Although  the 
rolling  be  proportionably  a  more  considerable  movement  than  pitching,  it  is  seldom  any 
aoeidevt  is  seen  to  arise  ftt>m  it,  as'it  is  always  a  slow  one.  It  is  however  not  less 
proper  to  prevent  it  as  much  as  possible.  This  will,  in  general,  be  easily  obtained, 
wi^out  beuigany  way  detrimental  to  the  ship's  stifi' carrying  of  sail,  if,  when  the  ballart 
It  hron,  you  stow  it  up  to  the  floor  heads  ;  because  it  wUl  recall  the  ship  with  bss  vio- 
lence ttfter  her  having  inclined,  and  it  will  act  on  a  point  but  little  dwtant  from  th« 
centre  of  gravity. 

In  the  merchant  service  the  stowage  consists,  besides  the  ballast,  of  casb^  cases, 
bales,  boxes,  &c.  which  are  all  carefully  wedged  off  from  the  bottom,  sides,  puiipweil, 
fcc  and  great  attention  paid  that  the  most  weighty  materials  are  stowed  oeareft  to  the 
centre  of  gravity,  or  besjingof  the  ship,  and  hi^er  or  lower  in  the  hold,  agreeable  to- 
the  form  of  the  vessel.  A  full  low  built  vessel  requires  them  to  be  stswed  high  up. 
Chat  the  centre  of  gravity  may  be  raised;  to  keep  her  from  rolling  away  her  muts,  and 
from  being  too  stiff  and  laboursome  ;  as,  on  the  contrary,  a  narrow,  high  baflt  vessel 
reqidres  tl^e  most  weighty  materials  to  be  stowed  low  down,  nearest  the  kelson,  ftat 
the  centre  of  gravity  may  be  kept  low,  to  enable  her  to  carry  sail,  and  to  prevent  her 


To  anckor  in  fine  weather  in  a  place  where  yon  wiU  ride  head  to  iptnd,  hmg  dose  haded, 

Beuig  under  Ae  three  topsails,  fore-topmast  stay  sail,  and  mizen,  atatiid  on  until  you 
are  wi£in  about  two  ship's  lengths  of  the  place  where  you  mean  to  4rop  your  anchor ; 
then  put  the  helm  a-lee,  and  haul  down  the  fore-topmast  stay  sail.  Ab  soon  as  the  top^ 
sails  shiver,  clue  them  up  briskly,  before  you  lower,  except  the  mizco' topsail,  which  is 
to  be  laid  to  the'mast,  and  the  mizen  sheet  hauled  flat  aft,  the  instant  the  ihlp  begins  td 
have  stem  way,  by  reason  of  the  wind  being  a-bead.  Then  shift  the  kelra  to  wind- 
vaxd,  and  let  go  the  anchor,  veering  away  the  cable,  to  give  it  time  U  settle  in  the 
gronnd,  until  the  vessel  falls  off,  when  she  is  to  be  checked,  to  bring  ter  head  to  the 
wind.    When  that  is  done,  right  the  helm,  and  haul  up  the  mizen. 

To  anchor  in  fine  weaiher  in  a  place  where  you  will  ride  head  to  wind,  ihe  ioind  being 

Itarge. 
U  yon  have  the  wind  large,  whether  on  the  beam  or  mote  aft,  the  ctwration  is  still 
the  same,  only  hauling  up  a  little  aooner  to  keep  to  windwanl,  becatto  it  b  io  your 
power  to  drift  as  much  as  you  think  requisite,  and  because  the  ship  will  be  eOlirely 
■topped  as  soon  as  all  her  sails  b^in  to  catch  a  back,  and  you  will  have  done  dofqflhem 
op  when  Aey  bttin  to  shake.  The  mizen  topsail  b  nexrto  be  heaved  to  the  miit|  the 
helm  put  a-weaOer,  and  the  anehor  let  go,  as  soon  as  the  headway  #eaMs ;  then  aAef 
giving  her  a  suflkiency  of  cable,  bring  the  ship  up.  If  At  has  been  joii^  koga  ahft'irin 
not  range  precisely  head  to  wind,  since  her  headway  ceases  as  soon  as  the  sailff.  aiha 
tak^n  a-wk,  and  the  effort  of  the  wind  acts  on  all  the  rigging  of  the  shiplb  udpcl  her 
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bo^h  Siftejm  and  tp  leovard,  which  is  indeed  augmenting  ^Ue  c^ect  ojT  the  rudder,  as 
the  helm  ia  a-wealher  to  bring  the  vessel  to  the  wind  ;  but  aa  the  power  of  the  wind  is 
TQi^  great  to  pay  the  ship's  head  off*,  it  balances,  wholly  or  partly,  (according  as  tbte 
shipgoea  a  stem  with  more  or  less  velootty)  the  effort  of  the  rudder  and  that  of  thie 
mixen :  thus  she  drifts,  and  remains  as  it  were  lying  to  with  all  her  saib  aback.  Tliht 
h  the  reason  why  we  keep  a  little  to  wiodward,  and  let  go  the  anchor,  to  bring  ihe 
ship's  head  to  wind  at  the  proper  time,  which  she  will  do  the  more  readily  as  she  is  with- 
held forward  by  the  cable,  while  the  wind  on  her  side  forces  her  to  leeward. 

To  anchor  in  fine  weather  in  a  plaee  where  you  are  to  ride  head  to  the  stream  and  leiit^, 
^  the  wind  being  large. 

If  you  are  obliged  to  Vide  widi  the  head  to  the  stream,  you  muist,  when  it  comes  ffom 
(he  windward,  put  the  helm  a-lee  in  setting  the  mizen,  then  clue  up  the  sails :  and-^hen 
the  ship's  head  is  right  in  the  direction  of  the  stream,  let  go  the  anchor,  provided  sfee 
has  quite  lost  her  headway ;  for  else^you  would  get  foul  of  the  anchor  stock  by  running 
over  it  This  most  never  be  neglected,  unless  you  find  yourself  under  the  necessity  to 
bring  up  in  any  situation  in  which  you  may  happen  to  be,  which  is  almost  always  the 
case  when  you  are  taken  too  short  to  hare  time  to  stop  the  vessel :  a  reason  why  there 
is  often  a  necessity  of  easting  a  second  anchor,  which  generally  catches  the  ground  by  A- 
aistance  of  the  first,  i»4iich  has  begun  to  dizninlsh  the  velocity  of  the  ship ;  and  as  many 
of  the  sails  are  to  foe  Jiauled  down  as  you  can,  and  as  quick  as  possible. 

To  anchor  in  fine  weail^r  in  a  plaee  where  you  wiU  ride  head  to  the  stream,  which  CMtet 
from  leewardi  the  wind  being  large. 
When  the  enrrent  comes  from  the  leeward,  you  must  keep  the  ship  away  till  her  heaft 
comes  to  th«  set  of  thie  stream,  and  take  in  all  the  sails  to  diminish  as  speedily  as  possi^- 
bie  her  headway,  which  always  continues  of  itself  long  enough  when  the  wind  is  aft  or 
very  laige ;  and  when  the  ship  is  stopped  by  the  effort  of  the  water,  let  go  the  anchor 
without  waiting  for  the  vessel  gathering  stem-way,  if  the  current  is  rapid;  and  in  tfils 
ease,  as  well  as  all  those  wherein  there  is  a  sea,  or  blowing  iresh,  the  ship  requires  a  gtfat 
length  of  cable. 

To  come  to  an  anchor  with  the  wind  aft. 
First,  hand  the  main  topsail,  and  then  lower  the  fore  topsail  down  on  the  cap ;  and 
when  yon  are  within  a  reasonable  distance  of  the  place  where  you  mean  to  drop  anc^Qr, 
(winch  distance  is  to  be  judged  of  from  the  readmess  of  the  ship  to  obey  the  helm,  t&d 
from  her  velocity)  the  tiller  may  be  put  either  ono  way  or  the  other,  the  fore  topsail  and 
fore  topmast  stay  sail  claed  up  and  taken  in,  the  mi^en  topsail  braced  sharp  up,  and  tfib 
raizen  sheet  hauled  flat  aft.  When  the  ship  ranges  cloa^  to  the  wind,  she  is,,  as  it  were, 
lying  to  under  the  mizen  and  mizen  topsails,  with  the  last  mentioned  sail  full  or  a-b^ck 
according  as  you  may  have  occasion  to  shoot  a-head  or  drop  a-stern  ;  so  that  if  you  arb 
too  much  to  windward  of  the  spot  where  you  mean  to  bring  to,  you  drift  till  you  arrisp 
at  it :  if  you  are  precisely  in  the  proper  birth,  you  let  go  the  anchor  in  lowering  down 
the  mizat  topsail,  which  is  to  be  furled  as  soon  as  the  vessel  is  brought  up ;  then  tho 
ship  will  come  head  to  wind,  by  the  power  of  tbc  mizen,  which  must  be  braUj^d  U|i  as 
soon  as  k  shakes. 

•  Scudding  under  a  foresail,  to  come  lo  an  anchor. 

The  foresafl  must  be  clued  up  when  at  some  distance  from  your  birth  ;  and,  sbme 
part  of  the  way,  run  under  bare  poles.  When  near  enough  to  sheer  to  the  windy  ypu 
execute  it  by  putting  the  helm  hard  a-lce  ;  and  as  soon  as  the  ship  is  come  to,  let  go  the 
anchor,  giving  her  a  large  scope  of  oehle,  and  observing  to  check  her  handsomely,  in  or^ 
der  to  make  her  ride  het^  to  wind,  as  stopping  her  at  first  too  short  might  endai^er  her 
cable  oc  anchor.    Should  the  first  not  bring  her  up,  a  second  may  be  let  go. 

To  anchor  with  a  spring,  in  order  to  present  the  vessels  side  to  }o  place  or  ship  tfw  toish 

to  cannonade. 

This  is  executed  when  you  kn«w  that  the  wind  or  current  will  bring  your  head,  wb^n 
at  anchor,  towards  the  object  you  mean  to  attack  ;  i>r  should  the  wind  or  tide  bring  yOur 
broadside  to  bear  on  the  object  you  mean  to  cannonade,  the  spring  would  only  be  a  pre- 
caution to  get  under  way  more  quickly  in  case  you  were  obliged  to  rctxaat,  or  in  case 
the  wind  or  tide  should  shift. 

Get  a  large  snatch*block  in  the  aftermost  port,  or  on  the  same  side  you  wish  to  pre- 
sent to  the  wind  or  current,  and  on  the  same  side  with  the  anchor  and  cable  with  which 
you  mean  to  bring  up  ;  then,  through  the  block  reeve  a  hawser,  the  end  of  which  is  » 
b*  cSadied  to  iht  ring  of  the  anchor  you  mean  to  lot  go  5  the  other  part  is  to  be 
faroa^  to  ike  capstan  wkh  necessary  ranges  of  the  cable  and  hawser  6n  deck.    That 

Digitized  by  VjOOQIC 


J  EVOLUTIONS  A^  SEA. 

le,  and  the  ahip  being  arrived  at  the  btrlb,  you-are  to  deaden  ber  way  according  to 
:um8tance8  ;  tben  let  go  the  anchor,  and  veer  away  enough  cable  and  htwaer^  now  a 
ie  more  of  the  one,  and  then  a  little  more  of  the  other,  according  as  you  wish  to  pre- 
t  more  head  or  stem  ;  which  you  can  do  by  heaving  on  the  sprimr,  or  what  is  the 
ie,  veering  away  more  cable.  Should  you  find  it  requisite  to  shift  your  positioni 
I  have 'only  to  veer  out  more  of  the  hawser. 

come  to  anchor  in  roads  that  are  often  crowded  with  abipa,  and  to  leave  dear  hbrths  fir 

•  others. 

The  best  anchoring  births  in  these  places  are  mostly  known  by  mazics,  and  of  coarse 

occupied  by  the  first  ships. 

n  a  tide  or  trade  wind  road-stead,  the  next  ship  that  comes  should  not  anchor  right 
iad  or  a-stem  of  the  first  ship  and  so  as  to  lie  in  the  other's  hawse,  but  should  come 
3n  the  bow  and  quarter  at  a  sufficient  distance  to  prevent  other  ships  from  earning 
ween,  and  in  a  slanting  direction  from  the  tide  or  wind.    This  mi^t  centribate  to 

safety  of  ships  when  it  blows  strong  upon  a  lee-tide  or  in  strong  sea  hreeaes,  as 
h  single  ship  may  then  veer  away  what  cable  necessary^  and  ke^  dear  of  the  otiier 
p's  hawse  a-^tem  ;  or,  in  case  of  driving  or  casting,  they  have  a  better  chance  of 
|)iag  clear  of  each  other. 

To  get  up  an  aneftor,  in  shij^  which  hne  a  matn  and  jeer  capstan.  - 
!n  large  ships  which  have  a  main  and  jeer  capstan,  and  the  strain  is  thought  too  great 
the  messenger  alone,  the  viol  is  used  thus ;  Three  or  fotir  turns  are  taken  round 
jeer-capstan  with  one  end,  so  as  to  leave  that  side  clear  on  which  the  cable  is  coming 
and  pass  the  other  end  through  the  viol  block,  which  is  lashed  round  the  main-mast 
the  lower  deck.  It  is  then  carried  forward  and  passed  round  the  roUetvin  the  man- 
near  the  hawse  holes  ;  then  brought  aft,  and  spliced  to  the  other  end  with  a  short 
ice,  and  the  ends  marled  down  tight.  That  side  of  the  viol  on  whieh  the  cable  is 
ning  in  is  fastened  to  the  cable  by  nippers  ;  and  thus  the  continned  efibfts  of  the 
)stan  are  conveyed  to  the  cable,  until  it  is  hove  in.  The  nippers  are  clapt  on  in  the 
iiger,  from  one  to  two  fathoms  asunder  ;  and  the  viol  is  applied  to  the  midships,  or 
ide  of  the  cable.  Nippers  arc  clapt  on  by  taking  three  or  four  turns  round  the  viol, 
ir  turns  round  the  cable  and  viol,  nn  J  then  three  or  four  turns  round  the  cable.  This 
thod  is  an  exceeding  good  one,  and  very  suitable  to  quick  heaving  ;  but  when  the 
a  in  is  great,  and  the  cable  muddy,  the  nippers  clapt  on  alter  this  method  will  not  nip 
Bciently,  and  some  limes  recourse  is  had  to  the  following  method  :  Throw  sand  or 
les  upon  the  cable,  and  take  a  long  diy  nipper,  which  middle  and  pass  one  half  aft, 
king  it  in  and  out  round  the  cable  and  viol  ;  then  worm  its  end  round  the  viol  only, 
er  this  pass  the  other  half  in  the  same  manner  forward,  but  worm  its  end  round  the 
lie  only,  and  let  e)ich  end  of  the  nipper  be  held  on.  The  advantages  of  this  method 
;,  that  as  the  strain  of  the  cable  lies  for^vard  and  that  of  the  viol  aA,  the  nipi^er  will 
drawn  so  tight  as  effectually  to  hold  the  cable  tUI  something  gives  way  :  also  they 
I  never  jamb,  for  both  ends  are  clear  for  taking  ofil  Another  method,  when  the  stnin 
;reat,  is,  to  have  nipf)ers  with  an  overhand  knot  made  atone  end ;  and  with'  that  end 
ound  turn  taken  round  the  cable  and  viol,  leaving  three  or  four  Ibet  of  the  end  ;  then 
h  the  other  end,  take  three  or  four  racking  turns,  and  expend  nearly  the  remainder 
h  turns  round  the  cable  and  viol,  laying  the  .knotted  end  under  and  over  each  of  the 
t  turns ;  the  end  is  then  held  fast.  The  men  who  clap  on  the  nippera  are  attended 
boys,  who  hold  the  ends  of  them,  and  follow  the  progress  of  the  cable  as  it  is  hove 
;  and,  as  the  nippers  arrive  near  the  main  hatch- way,  they  are  taken  oiTand  carried 
ward,  where  they  are  again  clapt  on,  and  so  in  succession  until  the  cable  b  hove  in 
ficiently  to  raise  the  anchor  above  the  water.  It  is  then  stoppered  round  all  before 
bitts,  that  is,  round  the  cable  and  vioU  The  anchor  is  then  catted,  and  alterwards 
led.  To  shiil  the  viol  for  heaving  in  a  second  anchor,  it  must'be  unspUced,  and  the 
iifl  round  the  capstan  reversed.  When  the  strain  is  so  great  as  to  require  otiier  pur- 
iscs,  the  top  tackles  may  be  ii8cd  thus :  the  double  block  is  lashed  to  the  main-mast 
topsail-sheet  bitts,  the  treble  block  is  lashed  on  the  cable,  and  the  fall  is  brought  to  the 
•Stan.  If  the  tpp  tackle  falls  artf  thought  insufficient,  any  hawser  may  be  used  that 
1  reeve  through  the  blocks. 

To  get  up  an  one/tor  in  ships  which  have  not  a  jeer-capstan, 
>hlps  without  a  jecr-capslOQ  have  no  viol,  but  heave  in  their  cables  by  a  messenger, 
ich  has  an  eye  spliced  in  each  end,  one  of  which  ends  is  passed  with  three  or  tour 
ns  round  the  capstan  on  the  upper  deck,  and  the  other  end  passed  forwards  round 
rollers,  at  the  fore  part  of  the  nangcr  ;  then  brought  aft  to  the  other  end,  and  lash- 
thus  :  several  turns  are  passed  through  the  eyes  crossing  each  other  in  the  middle, 
n  a  half  hitch  is  taken  round  the  parts,  and  the  end  stopped  with  spun-yarn.  The 
lainder  of  the  operation  is  performed  as  by  the  viol,  with  this  exception  ;*  the  mes- 
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.seoger'is  ftpptied  to  the  outside  of  the  cahle,  and  when  the  nippers  an  insufficient,  the 
meMOiiger  may  be  hitched  thus  :  the  bight  of  the  messenger  is  fastened  round  the  cable 
at  the  manger  with  a  rolling  hitch,  and  Uie  bight  seized  round  the  cable  before  the  hitch. 
This  practice  \\  by  no  means  so  good  as  the  others. 

When  getting  under  way  in  a  sea  gale,  the  viol  is  better  than  a  messenger,  as  the 
sending  of  the  ship  carries  all  the  strain  to  the  main  capstan,  and  endangers  the  men 
at  the  bars,  whereas  with  a  ?iol,  the  strain  is  taken  to  the  viol  Uock,  and  the  men  at  tbe 
fore  jeer-capstan  heave  in  security. 

To  get  up  a  second  toichor. 

Suppose  by  the  former  methods,  that  the  staiboard  anchor  is  got  up,  and  that  the 
cable  of  tbe  second  anchor  enters  the  larboard  hawrse-holci  the  operation  of  getting  up 
the  second  anchor  is  the  same,  observing  only,  that  the  messenger  must  be  shifted,  and 
tbe  turns  on  the  capstan  reversed,  to  change  the  disposition  and  side ;  and  the  men, 
who  before  held  on  the  larboard  side  in  the  first  operatio^^  will  hold  on  the  starboard 
side  now.  Tlic  motion  of  Che  capstan  is  performed  the  contrary  way,  and  the  cable  on 
the  larboard  side  is  fixed  and  hove  in. 

To  gel  up  an  anchor  in  Merchant  Ships,  ' 

Most  merchant  ships  and  small  vessels  heave  up  their  anchors  by  a  windlass,  round 
which  are  takenithree  turnsTof  tbe  cable,  and  held  on  by  hand,  or  by  a  Jigger ;  thus — the 
end  of  the  rope  which  has  the  sheave  is  passed  round  the  cable,  with  a  round  turn, 
dosa  to  the  windlass,  the  leading  part  of  the  rope  coming  over  the  sheave,  and  stretch- 
ed aft,  by  means  of  the  faH  passing  through  tbe  jigger  block  ;  the  standing  part  of  the 
fall  is  made  fast  round  a  stantion,  at  the  fore  part  of  the  quarter  deck,  and  the  leading 
part  is  bowsed  upon,  which  jambs  the  turns  taken  round  the  cable,  and,  when  the  jig- 
ger arrives  abreast  of.  the  hatchway,  -it  is  removed  forward,  and  the  cable  is  jambed  by 
a  handspike  at  the  windlass,  until  the  jigger  is  refixed. 

To  toeigh  an  anchor  loith  the  long  hoot. 

This  is  done  by  taking  ^he  long  boat  to  the  buoy,  of  the  anchor,  and  putting  theH)UDy- 
rope  over  the  davit  of  the  long  boat,  and  a  tackle  on  tbe  buoy-rope  ,*  by  which,  wil£  tho 
assistance  of  .men  on  the  fall,  the  author  is  weighed  out  of  the  ^und.  This  being  ac- 
complished, the  cable  is  hove  in  on  board  ;  the  buoy-rope  and  tackle  boiag  secured  in 
the  boat,  they  approach  the  fshi]>  as  tiie  cable  is  hove  in,  and  the  anchor  catted  and 
stowed.  Small  anchors  and  grapnels  are  got  up  by  the  davit,  hauling  upon  the  grapnel 
rope  by  hand. 

To  weigh  an  anchor  by  under'running.  • 

This  is  by  placiiig  the  cable  over  the  davit-head,  and  under-running  it,  tUl  it  is  nearly 
^ipeek,  when  it  ia  tripped  by  means  of  tackles,  as  before  by  the  bouy-rope.  This  method 
is  troublesome,  and  i  only  adopted  when  the  -buoy  is  gdne,  and  a  ship  cannot  get  netr 
her  anchor  for  want  of  water. 

To  get  under  sail  when  the  skip  is  swinging  head  to  wind,  and  jfou  want  to  coat  either  to 

starboqird  or  larboard^  in  a  place  where  there  is  no  current. 

To  cast  to  starboard- 

Heave  short  on  your  anchor  till  it  is  apeek ;  th<.n  haul  in  quite  home,  the  larboard 
braces  forward,  and  starboard  braces  abaft  ^  loosen,  sheet  home,  and  hoist  the  topsails ; 
put  the  helm  a  starboard,  and  heave  till  the  anchor  is  aweigh.  The  nioment  the  anchor 
quits  the  ground,  the  ship  will  begin  to  fall  off  to  starboard.  As  soon  as  this  movement 
Is  perceived,  hoist  the  jib  and  fore-topmast  staysail,  if  necessary,  to  help  her ;  and  when 
she  has  sufficiently  fallen  off,  her  sails  abaft  (which  are  trimmed  ^arp  for  the  larboard 
tack)  will  fill.  But,  unless  for  very  superior  reasons,  you  had  better  continue  lying-to 
tilt  the  anchor  is  catted,  taking  care  to  haul  the  mizen-sheet  dose  aft,  if  the  ship  be  in- 
clined to  fall  off  too  much. 

To  cast  to  larboard. 

Haul  in  the  starboard  braces  forward  and  the  larboard  aft,  and  put  the  hehn  a-port 
The  lest  of  the  operation  b  the  same  as  the  preceding,  only  changing  the  staiboard 
for  port. 

To  get  Wider  sail  when  the  ship  is  riding  head  to  wind  asU  Ode, 

If  a  ship,  riding  head  to  wind  and  tide,  wanted  to  get  under  sail,  after  having  deci- 
ded on  which  side  it  is  best  to  have  her  cast,  it  must  be  performed  according  to  one  of 
the  foregoing  metiiods,  except  with  regard  to  the  hebn,  which  must  be  put  to  staiboard 
either  before  the  anchor  loosens,  or  while  it  does,  if  you  wish  to  cast  to  poit ;  because 
the  water  coming  from  forward,  acts  with  the  same  force  on  the  rudder  as  if  the  ship 
went  with  the  current,  impelling  the  rudder  to  staiboard  and  head  to  port.  Therefore 
It  is  evident  in  this  case,  the  hehn  oughttfy*be  put  to  starboard  ;  which,  on  the  contiurr, 
would  be  put  to  hrboard,  if  the  ship  were  to  be  cast  to  port. 
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.  If  tl&e  £&ip,'aner't1ie  anchor  is  out  of  the  ground,  goes  astern  tistiey  han  the^uttigiit 
runSy  the  helm  must  then  be  used  as  if  there  was  no  current,  because'  the  excess  of  tie* 
locity,  whereby  the  ship  exceeds  that  of  th^  water,  acts  upon  the  rudder. 

If  it  blows  fresh,  so  that  you  cannot  set  your  topsails  without  reefing  them,  let  that 
hfi  done  ^before  they  arc  sheeted  home  ;  and  if  it  blows  so  hard  as  to  be  obliged  to  gb 
only  under  a  foresail,  it  would  then  oe  sufficient  4o  loosen  the  fore-topsail,  without 
.sheeting  it  home,  after  having  braced  it  quite  close  on  the  side  opposite  to  that  you  want 
the  ship  to  cast,  not  forgetting  however  io  put  the  helm  the  same  way  as  you  cast,  as 
^n  as  you  perceive  the  ship  going  astern':  and  when  the  ship  has  fallen  off  sufficient!)-, 
then  is  the  time  to  fill  and  trim  the  foresail. 

To  get  under  sail  when  the  ship  U  swinging  with  her  head  to  the  ctOrentf  and  ioith  the 
ioind  a  point  abaft  the  beam. 

Heave  short  on  your  anchor  till  it  is  -a-peek ;  next  to  this  loosen,  sheet  home,  and 
hoist  the  foresail  and  mizA-topsail,  keeping  the  wind  in,  and  heave  vieorou^ly  at  the 
capstan,  till  the  anchor  b  a-wcigh.  At  the  same  time  hoist  the  jib  and  fore  topmast  stay- 
8ail,,or  haul  out  the  nyzen,  according  as  circumstances  may  require.  Whether  yon 
wislTto  come  to  windward,  or  fall  off  m6re  quickly,  you  must  still' continue  to  heave 
rmind  the  capstan  briskly,  to  get  the  anchor  up,  till  you  find  yourself  sufficiently  off- 
wjurd  to  bring  to,  in  order  Co  stow  it  with  eas^,  or  to  stand  on  under  an  easy  sail  with 
the  anchor  iianging  out  to  windward,  if  the  situation  of  things  will  admit  of  it.  You 
nay  sometimes  also  hoist  up  both  the  mam  and  fore-topsails,  as  soon  as  vou  get  ready ; 
but  in  certain  cases,  as  when  obliged  to  make  the  best  of  your  way  from  an  enemy, 
every  sail  possible  must  be  set  at  once  which  the  jreather  will  admit  of,  especially  when 
obll^  to  haul  by  the  wind;  in  which  case,  the  anchor  must  ]b«  got  tip  and  catted  as 
isjcll  as  it  can  ;  there  are  cases  even  when,  without  losing  your  time  in  weighinir  it,  you 
crpWd  as  many  sails  as  you  possibly  can,  and  depart,  in  cutting  or  slipping  the  cable. 
To  get  under  sml  with  a  spring, 

I(  a  jihip  be  in  a  place  too  confined  to  cast  under  her  sails  only,  orbeii^  obliged  io 
|)ut  to  sea  in  a  gale  of  wind,  without  hoisting  the  anchors,  you  must,  for  greater  safety, 
in  castiiig  the  right  way,  get  a  spring  out,  to  be  clapped  on  the  cable  by  which  the  ship 
swings,  by  i*issing  a  hawser  or  a  stream  cable  through  the  aftermost  port,  on  the  oppo- 
site side  to  that  you  mean  to  cast ;  and  after  (hat  spring  is  well  hove  tight  at  the  cap- 
stflo,  hoist  the  jib  and  fore-topmast-staysail,  loose  and  sheet  home  the  fore-topsail ; 
when  that  is  done,  and  if  the  weather  permits;  brace  quite  close  the  head  saUs,  on  the 
satpe  side  with  the  spring.  When  this  is  executed,  slip  or  cut  the  cable,  heaving  briskly 
at  the  same  time  on  the  spring,  till  the  ship  has  paid  off  sufficiently.  Then  fill  the  satis, 
by  setting  the  mizen- topsail  and  every  other  sail  you  mean  to  employ,  and  slip  or  cut 
the  spring,  as  circumstances  may  require.  Care  must  be  taken,  not  to  let  the  ship  fall 
off  too  much,  before  .the  spring  is  cut ;  because,  haying  no  way  through  the  water,  she 
will  not  come  to  the  wind  so  soon  as  might  be  wished ;  and  for  the  same  reason  the 
fpring  must  not  be  cut,  till  she  has  fallenoff  as  much  a^  is  necessary  ;  because,  although 
^he  has  no  other  motion  but  that  of  falling  off,  the  vessel  might  perhaps  not  wear  enough 
to  answer  the  purpose. 

To  get  under  saU  loUh  a  leading  windf  in  a  tide  icay. 

If  the  ship  to  be  got  under  sail  has  a  leading  wind,  and  is  in  the  midst  of  vessels,  or 
in  a  narrow  channel,  where  it  would  be  difficult  to  cast  her  upon  the  lee-tide^  she  should 
be*  got  under  sail  before  the  weather- tide  is  done.  Thus,  t^  casting  of  the  ship  would 
he  avoided,  and  she  may  be  steered  through  the  fleet  or  channel  with  safety. 

Should  it,  however,  blow  so  ftesh  upon  the  windwud-tide  as  to  force  the  ship  end 
qp  with  her  cable,  it  will  be  impossible  to  heave  it  in,  without  sheering  the  ship  awtt 
ih>m  side  to  side,  and  heaving  in  ])risk]y  as  the  ship  slacks  the  cable ;  but  as  this  is  at- 
tended with  much  danger,  by  the  ship  suddenly  bringing  up  upon  each  sheer,  it  will  be 
best  10  heave  a-peek  upon  the  first  setting  of  tlie  windward  tide,  before  the  ship  swio^ 
tci^riog  the  wind  abaft. 

^.     To  cast  a  ship  vpon  the  Idrboard  tack,  and  back  her  Orstem  of  danger. 
We  suppose  the  ship  io  lie  at  single  anchor,  with  the  wind  and  tide  the  same  way^ 
and  ships  or  shoab  right  astern,  in  the  intended  course,  and  that  to  clear  them,  you 
must  cast  upon  Uie  larboard  tack,  and  make  a  stem  board. 

Make  every  thing  as  ready  as  possible  before  weighing :  let  the  three  topsails  be  hoist- 
ed, the  yards  braced  up  sharp  with  the  larboard  braces,  and  the  mizen  hauled  out. 
ThusJ'situated,  when  the  anchor  weighs,  put  the  helm  a-port.  The  tide,  running  aft, 
acts  upon  the  starboard  side  of  the  rudder  ;  and  in  that  direction  it  will  cast  the  ship 
the  right  way,  and  bring  the  wind  upon  the  laiboard  bow.  The  wind  beiiig  on  the  lar- 
board bow,  and  the  topsails  a-back,  will  soon  give  the  ship  stern-way  through  the  water  ; 
then  the  water  will  act  against  the  lariward  side  of  the  rudder,  and  t^owcrfUny  prevent 
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the  'ship  'falfing  too  Deui  off  from  Ibe  wiod.  Thus  she  mil  drive  till  the  anchor  is  got 
quite  up,  and  ma^  he  so  continued  till  she  has  past  the  shoals  and  has  room  to  yeer,  abd 
gel  upon  her  proper  course. 

It  Is  advantageous  to  make  ft  stem-hoard  in  gettii^  under  way  from  a  single  anchor 
in  the  above  situation.  The  anchor  heaves  up  more  easily  when  the  ship  goes  a-stem  ; 
and  while  heaying  up  it  ser^-es  to*  keep  the  ship's  head  to  the  wind.  A  ship,  however, 
cannot  Idng  be  steered  stern  foremost  when  under  sail,  so  as  to  keep  the  wind  before  the 
beam  ;  but  she  will  in  -a  little  time  drive  broadside  through  the  water  till  she  gets  head- 
way, and  then  it  is  proper  to  veer,  provided  the  anchor  be  quite  up. 

To  east  a  skip  on  the  larboard  tack^  in  a  tide-ieayy  with  the  wind  tteo  pomis  on  the 

starboard  bote. 
A  ship,  riding  in  a  tide-way,  with  the  wind  two  points  on  the  starboard  bOw,  and  so 
near  the  shore  on  the  larbodxd  side,  that  she  must  be  cast  upon  the  larboard  tack,  to 
clear  the  shore,  the  three  topsails  must  be  hoisted,  and  the  yards  sharp  braced  up,  with 
the  larboard  braces  forward,  and  the  starboard  braces  aft^  with  the  starboard  foretop 
bowline  well  hauled,  putting  the  helm  hard  to  port  at  the  anchor's  weighing  ;  the  tide 
acting  upon  the  radder,  and  the  wind  upon  the  sails  braced  in  that  direction,  brings  tho 
ship  about  with  the  wind  on  the  larboard  boiV,  before  she  gets  stern-way,  which  should 
be  always  strictly  noticed  ;  for  in^all  proceedings  of  this  kind,  if  a  ship  gets  stem-way 
before  she  brings  the  wind  right  ahead,  she  will  not  come  about  the  right  way.  In  that 
case,  it  is  best  to  veer  away  the  cable  directly,  and  bring  the  ship  up  again :  and  cany 
out  a  kedge  or  small  anchor  on  the  larboard  bow,  hauling  its  caUe  or  hawser  in  tight  on 
the  larboard  quarter,  when  th6  bower  anchor  is  a-pcck.  If  this  fail,  the  ship  must  lie 
till  the  windward  tide  makes,  to  bring  the  wind  on  the  larboard  bow,  when  the  ship  may 
be^t  under  way,  and  clear  the  shore. 

To  cast  a  ship  upon  the  larboard  taek  in  a  lee-tide)  and  shoot  her  by  the  umd  a-hend 

of  danger. 

It  there  be  just  room  enough  to  go  close  by  the  wind  to  clear  a  danger  lying  to  lee- 
-ward,  much  depends  on  heaving  up  briskly  the  anchor  after  it  is  out  of  the  groand,  and 
having  proper  sails  ready  to  set  to  the  best  advantage.  The  three  topsidls  must  be 
hoist^  and  the  yards  sharp  braced  up,  w^th  the  larboard  braces  forward  and  the  star- 
hoard  braces  aft,  when  the  anchor  is  at  a  long  peek.  At  weighing  the  anchor,  put  the 
-helm  hard  to  port,  then  the  action  of  the  tide  upon  the  radder,  and  the  wind  on  the  fore- 
topsail.,  will  cast  the  ship  oif  the  right  way,  so  as  to  fill  the  after»sails,  when  the  fore* 
topsail  may  be  soon  braced  about  ai\d  filled  before  she  ge^s  stem-  way.  The  helm,  will 
keep  the  ship  under  command  sufficiently  to  steer  her  by  the  wind  ahead  clear  of  danger ; 
but  if  the  ship  gets  stem-way  -in  casting,  the  helm  should  be  kept  hard  a-weather,  to  pre- 
vent her  falling  off  too  much  from  the  wind  ;  and  when  she  gets  headway  again,  be 
cautious  hoif  the  weather-helm  is  eased  with  the  anchor  much  below  the  bows,  by  which 
the  resistance  forward  is  increased,  and  the  ship  may  be  brought  up  in  the  wind,  so  an 
to  prevent  her  shooting  clear  of  the  danger.  This  must  be  guarded  against  by  tlie 
weatber-helm  and  head  sails,  as  jib,  fore-topmast- stay  sail,  &c.  As  soon  as  the  ship 
has  shot  far  enough  a-head  to  clear  the  danger  to  leeward,  and  there  being  but  little 
room  a-head,  it  is  best  to  bring  the  ship  to,  and  drive  with  the  helm  a-lee,  wi&  the  main 
and  mizen-topsail  a-back,  and. the  fore-topsail  shivering  till  the  anchor  is  up;  then  take 
proper  time  to  veer. 

To  cast  on  th   larboard  tack,  token  riding  xcilh  the  wind  right  a-keadj  and  to  veer  her  short 
round  before  the  wind  in  little  roonu 

The  head  saUs  should  only  be  loose,  viz.  the  fore-topsail  hoisted  and  the  foresail  loosc^; 
brace  sharp  up  the  'larboard  braces,  the  jib  and  the  fore-topmast-staysail  set,  with  tlie 
larboard  sheets  flat  aft.  When  the  anchor  is  a-peck  and  a  lee-tide  running,  at  weighing 
the  anchor,  the  helm  should  be  put  to  port  so  far  as.  to  bring  the  wind  two  points  on  the 
laiboard-bow,  which  should  be  kept  so  by  steering  the  ship  till  the  tide  ceascsUo  run  aft. 
Then  (mt  the  helm  hard  to  starboard,  or  a-lee  ;  and  when  the  ship  gets  stern-way,  thoi 
water  will  act  powerfully  on  the  starboard,  or  lee-side  of  the  rudder,  turning  the  ship's 
stem  to  windward,  whilst  the  wind,  acting  at  the  same  time  upon  the  head  sails  a-back, 
niU  box  her  round  off  upon  her  heel,  so  as  to  bring  the  wind  nearly  aft  by  the  time  she 
loses  stem-wuy.  hen  the  ship  will  cease  falling  off,  and  soon  get  head-way,  which 
should  be  attended  to,  and  the  head  sails  braced  about  flat  with  the  staiboard  braces, 
and  the  helm  shifted  ]iard  to  port  at  the  same  time. 

\\Ticn  Uiereisna  tide,  but  still  water,  at  weighing  the  anchor,  the  helm  must  be  hard 
to  starboard  ;  and,  as  the  ship  gets  stern- way,  the  water  meets  with  sO  pauch  resistance 
against  the  starboard  side  of  the  rudder  in  that  direction,  that  the  radder  acts  with 
-great  power  to  turn  the  ship's  stern  round  to  port,  and  the  heM  sails  being  set  and 
trimmed  as  before  mentioned,  and  the  foresail  let  fall  with  the  starboanl  bowline  bauTprl 
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close  forwara,  win  assbt  to  cast  the  ship  so  far  rdunJI  the  ri^t  way,  by  Hat  same  ffane 
she  loses  her  stern-way,  as  then  to  permit  yOur  proceeding  as  before  direGted,  To  in- 
sure success,  heave  the  anchor  up  briskly.  The  same  methods  are  adopted  in  casting 
the  slup  on  the  starboard-tack,  only  the  helm  and  sails  are  mana^d  the  contraxy  way. 

To  tack  a  ship  in  getting  to  lomdteaM  <ts  much  as  possible. 

To  execute  this  with  propriety,  care  must  be  taken  that  the  ship  does  not  yaw,  that 
she  is  not  too  near  or  too  far  from  the  wind ;  because  both  situations  are  equally  pre- 
judicial. 

When  this  medium  is  obtained,  haul  the  mizen  out,  while  you  put  at  the  same  time 
the  helm  a-lee,  bmce  the  sail  to  windward,  in  order  that  it  may  be  as  much  as  possible 
exposed  to  the  wind.  \\  hen  the  ship  is  come  to  the  wind,  so  as  to  cause  the  square 
sails  to  shiyer,  let  go  the  jib,  und  all  the  staysail  sheets  before  the  mainmast  At  the 
moment  when  all  Uie  sails  catch  a-back,  and  particularly  the  mizen-topsail,  let  it  be 
braced  sharp  about  the  other  way,  hauling  up  at  the  same  time  the  weather-clew  of  the 
mainsail ;  and  when  the  wind  is  right  a-head,  or  even  a  little  before,  haul  the  mainsail, 
and  trim  sharp  fur  •the  other  tack  as  fast  as  possible.  The  jib  and  staysail'  sheets  are 
also  to  be  shifted  o?er,  at  the  same  time  righting  the  helm,  whether  the  ship  has  lost 
her  way,  or  even  still  advances  a-head.  i  hen  as  soon  as  she  has  passed  the  directioii 
of  the  wind  about  4j^,  in  continuing  her  evolition,  shift  the  foremast's  sails,  which  are 
to  be  trimmed  wiUi  celerity,  at  the  same  time  potting  the  hehn  a-lee,  if  you  fear  the  ship 
(ivhich  must  still  go  a-stern  if  the  operation  be  slowly  executed)  will  not  fall  off  suffi- 
ciently •,  for,  if  the  sails  are  braced  about  briskly,  she  will  never  have  stem-way ;  en 
the  contrary,  she  will  get  a  great  deal  to  windward. 

To  tack  a  ship  withmit  endeavouring  to  get  to  wifidwfwd. 

There  are  circumstances  sometimes  when' it  is  found  necessary  to  tack,  without  carini? 
much  whether  the  ship  loses  to  windward  or  not.  For  example :  when  a  ship  is  found 
suddenly  to  be  close  to  the  land,  in  the  night,  or  in  foggy  weather,  near  a  danger  or  some 
vessel,  which  must  instantly  be  avoided  by  staying  the  ship,  because  you  find  yourself 
to  windward,  and  too  near  the  object  from  ivhich  you  wish  te  recede  :  in  this  case,  when 
it  is  necessary  to  deaden-  the  sbip^s  way,  and  tack  at  the  same  time,  you  must  sud^enl}* 
put  the  helm  hard  a-lee,  and  in  the  ^ame  instant,  let  go  the  jib,  fore,  and  staysail  sheets, 
without  touching  the  bowlines  ;  and  great  care  must  be  taken  that  the  effect  of  the 
mizen  is  to  be  preserved  as  much  as  possible.  When  the  sails  begin  to  shiver,  the  miien 
is  hauled  quite  to  wmdward ;  then,  if  the  ship  takes  well  the  wmd  a  head,  the  remainder  of 
the  operation  must  be  executed  as  directed  in  the  preceding  case  ;  but,  if  you  sbould^iss 
stays,  you  must  proceed  according  to  the  second  method  of  veering,  called  box-bauliog. 

To  tack  a  skip  in  a  dangerous  rough  sea,  when  her  stai/ing  is  doubtJuL 
Let  every  thing  be  got  dear  and  ready  ;  the  hands  at  their  proper  statkAis,  the  sails 
trimmed  fair,  and  the  ship  steered  jur»t  full,  and  close  by  the  wind.  Take  the  advantage 
of  the  smoothest  time,  when  the  ship  has  the  most  head- way.  The  other  necessary  pre- 
cautions are,  to  haul^'down  the  jib,  if  set,  and  not  to  put  the  helm  a-lee  all  at  once,  but  to 
luff  the  ship  up  by  degrees,  to  shake  the  sails.  When  they  shake,  give  these  orders :  the 
hetai  hard  a-lee !  let  go  the  lee  sheets  forward,  but  not  thelee  braces  and  fofe-top  bowline, 
as  that  usual' practice  backs  the  head  sails  too  soon,  and  stops  the  ship's  bead-way,  which 
ought  to  continue  to  give  powen  to  the  helm,  till  the  wind  is  brought  a-head,  or  the  ship 
will  not  stay.  Raise  tacks  and  sheets  and  mainsail  haul,  when  the  wind  is  a  point  on  the 
weather-bow  ^  this  swing:8  the  yarda  round  sharp,  that  the  main-tack  may  be  got  dose 
down,  whilst  the  head  sails  becalm  the  fore-leech  of  the  main  and  main-topsails ;  while 
the  wind,  blowing  aslant  on  the  after-leech  of  these  sails,  acts  jointly  with  the  rudder  to 
turn  the  ship's  stern,  so  as  to  bring  her  about  the  right  way.  When  she  has  fallen  off 
five  or  six  points,  let  go  and  haul. 

When  a  ship  comes  about,  she  is  sure  to  have  stem-way  by  the  time  the  head  sails  are 
hauled ,  therefore  the  helm  should  not  then  be  shifted  a-lee,  hut  should  be  kept  hard 
a-weather,  till  her  stem- way  ceases.  The  ^vater,  acting  upon  the  weather  side  of  Oie  rud- 
der, prevents  the  ship  falling  around  off  from  the  wind,  which  the  helm,  when  bard  ib-lce, 
occasioni^,  while  the  s|em-way  continues.  Notice  should  be  made  by  the  compass,  that 
the  ship  continues  coming  about  till  the  wind  is  on  the  other  bow :  for  if  she  stop  wiHk 
the  wind  a-head,  and  her  head-way  is  perceived  to  be  done,  the  helm  should  be  duectly 
shifted  tcl  the  other  side  ,  so  that,  by  the  stern-way,  the  water  may  act  upon  the  rudder 
and  bring  her  about,  and  then  the  helm  should  not  be  kept  a-lee,  but  directly  shifted 
and  kept  hard  a-weather  till  her  stern-way  ceases.  For  the  reason  just  given,  the  head 
sails  may  be  hauled  as  soon  as  possible  ;  for,  the  ship  will  be  sure  to  fall  off  the  faster 
and  fturtherin  proportion  to  her  stern- way ;  so  that  the  weather-braces  should  be  tended 
to  prevent  the  head  yards  flying  fore  and  aft,  as  thcv  will  do  when  it  blows  fresh  f  and 
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to  kte^  the  faoftd  aailf  skWering,  that  the  fore-ttck  maj  be  got  dose  down  easily,  anX 
the  ship  stopped  the  sooner  from  falling  off.  Shift  the  helm  a-lee  ^hen  the  stem-way 
ceases,  and  the  head  saito  may  be  trimmed  sharp  as  the  ship  is  perceived  to  come  to. 

On  tuntmg  to  windward  in  verymugrrow  channels* 

At  weighing,  if  the  wind  is  partly  across  the  tide,  it  win  cast  the  ship  with  her  head 
towards  the  weather-shore,  which  she  may  be  kept  clear  of,  by  driving  with  her  sails 
a-back  tiU  the  anchor  is  up  and  stowed  ;  and,  as  the  tack  towards  the  weather-shore  is 
Che  shortest,  it  is  prudent  to  back  as  near  the  lee  side  as  possible,  in  order  to  make  the 
first  board  the  longer  ;  to  get  the  three  top-sails,  ^ib,  stay-sail,  and  mizen,  properly  set ; 
and  to  get  all  ready  in  time  for  tacking.  Make  a3  bold  as  possible  with  Ihe  weatiier 
ahore,  because  on  mat  side  a  ship  is  always  surest  in  coming  about  $  and  in  ease  of 
nissing  atays,  a  ship  may  be  backed  off  (h>m  the  weather-shore,  till  she  has  room  to 
£U  and  set  the  sails,  and  get  sufficient  head- way  to  try  her  in  stays  again  without  danger. 
But  when  the  ship  is  got  about,  and  standing  towards  the  lee-shore,  it  may  be  necessary 
-to  put  her  in  stays  in  good  time,  because  she  does  not  so  certainty  stay  when  going 
slanting  ^th  the  tide,  as  when  going  across  it. 

By  staying  her  thus  in  good  time,  if  she  even  miss  stays,  there  may  be  room  enough 
to  fin  and  try  her  the  second  time,  or  to  use  such  mcand  as  may  prevent  her  going  on 
shore. 

But,  when  the  wind  is  right  against  the  tide  which  begins  to  make  to  windward,  be 
cautious  not  to  weigh  the  anchor  till  the  ship  swings  end-on  to  the  tide,  and  brings  the 
wind  so  far  aA,  that  she  may  be  steered  right  against  the  tide,  till  (he  anchor  is  up  and 
stowed,  and  the  sails  with  which  the  ship  i.«  to  work  are  all  ready. 

Haul  the  wind  and  get  ready  for  tacking,  when  you  are  close  over  to  one  side,  to  gain 
the  whole  breadth  of  the  channel  for  getting  under  wtPf .  For  this  purpose  let  the  first 
trip  be  made  as  short  as  possible,  till  it  is  found  how  the  ship  worlu  upon  both  lacks ; 
and  then  make  longer  or  shorter  boards  accordingly,  but  take  care  not,  to  stand  into  an 
eddy  tide  on  either  side,  which  has  often  occasioned  ships  to  miss  stays  and  go  on  ahoxe. 
If  -a  ship  will  not  stay,  she  must  be  veered,  box-hauled  or  club-hauled. 

To  veer  a  ship  tuithout  losing  the  wind  cut  ^  her  smls. 

To  execute  this  evolution  both  the  main  sail  and  mizen  must  be  hauled  up,  the  helm  put 
a»weather>  and  the  mizen-topsai)  a  shivering,  which  will  be  kept  so  tiH  the  wind  be  right 
aft,  suppressing  for  that  purpose  the  efl'ect  of  all  the  staysails  abafl  the  centre  of  gravity. 
As  the  ship  falte  off,  (which  she  will  do  very  rapidly)  round-in  the  weather-braces  of  the 
sails  on  the  fore  and  mainmast,  keeping  them  exact^ir  trimmed  to  the  direction  of  the  wind, 
and  remembering  klso  that  the  bowKnes  are  not  to  be  started  till  the  ship  begins  to  veer. 
As  she  falls  off,  ease  away  the  fore-sheet,  raise  the  fore-tack,  and  get  afl  Sip  weather' 
sheet,  as  the  lee-one  is  eased  off,  so  that  when  the  ship  is  right  before  the  wind,  the  yards 
wiD  be  exactly  square.  Then  shift  over  the  jib  and  staysail-sheets  ;  and  the  ship  continu- 
ing her  evohition,  haul  on  board  the  fore  and  main  tacks,  and  trim  alt  sharp  fore  and  aft, 
remembering  to  haul  ait  the  mizen  and  mizen-staysail  sheets  as  soon  as  they  will  take  the 
right  way,  or  when  the  ship's  stem  has  a  little  passed  the  direction  of  the  wind.  Wben 
the  wind  is  on  the  beam,  right  the  helm  to  moderate  the  great  velocity  with  which  the 
ship  comes  to ;  the  sails  being  trimmcdf  stand  On  by  the  wind. 

To  veer  a  sbxpikat  has  lost  her  foremast. 

Run  out  the  end  of  a  cable  or  hawser  over  the  lee*^uarter,  and  baoy  it  up  (rom  the 
ground  with  empty  casks,  &c.  in  case  of  coming  into  shoal  water  with  little  wind.  This 
will  assist  the  helm  with  such  power,  as  to  make  the  ship  veer  and  steer  at  pleasure. 

A  spare  yard  or  boom,  rigged  out  abalt  the  Inizen  shrouds,  may  guy  the  end  of  the 
cable  or  hawser  more  or  less  on  either  quarter,  according  as  the  ship  may  have  occasion 
to  sail.  It  may  be  easily  shifted  from  side  to  side,  and  guyed  out  to  teeward  in  proper* 
tion  to  the  ship's  griping  to  answer  sailing  upon  both  tacks ;  and,  when  sailing  before 
the  wind,  it  may  be  secured  over  the  mid^  of  the  stem,  which  will  prevent  the  ship's 
broaching  to  against  the  helm  either  way.  « 

l*bis  would  likewise  much  assist  deep  laden  bad-steering  ships,  and  prevent  their 
broaching-lo,  to  which  tbey  are  liable,  in  spite  of  the  best  helmsmen,  often  occasioning 
them  to  lie  to  even  with  a  fkir  wind.  With  a  little  contrivance  by  blocks  lashed  to  the 
rails  on  the  quarters,  to  lead  the  guys  fair  to  the  steering  wheel  baixel,  it  may  be  made 
to  steer  a  ship  that  has  lost  her  rudder. 

,  •  To  ve$r  when  lymz'to  wider  a  mamsait.- 

Advantage  must  be  taken  of  the  ship's  felling  off  to  put  the  helm  a  weather,  and  ease 
away  the  main-sheet  roundly  ;  and,  when  the  ship  has  fallen  off  about  5(F,  let  go  the 
main-bowline,  and  round  in  the  -weather  brace,  taking  care  to  keep  the  sail  full.    When 
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the  ship  is  before  ii»  wind,  get  on  board  Che  maia-taek,  and.  ri^t  th/&  Lelm  to  moiicr' 
ate  her  coming  to.  ^ 

Ify  in  the  beginning,  the  ship  is  found  difficult  to  veer,  the  fore  stay -sail  may  be  hoisted,, 
and  the  sheets  hauled  well  aft ;  but  it  is  to  be  hauled  down  as  soon  as  the  ship  is  before 
the  wind. 

^  second  method.  -  « 

Make  fast  a  four  inch  rope  to  the  strings  of  the  main  yard ;  and  when  the  ship  earnest 
ta,  so  as  to  shiver  the  main  sail,  bring  it  down  before  &e  sail  to  the  topsail  sheet  bitts^ 
and  let  it  be  hauled  ti^t  and  belayed.  Then,  as  soon  as  she  falls  off,  put  the  helm  a- 
weather,  and  let  go  the  main  sheet.  By  these  means,  the  lee  pprt  of  the  sail  no  longer 
has  any  power  to  keep  the  ship  to  the  wind,  and  the  weather  part,  acting  before  Uta- 
centre  of  gravity,  will  cause  her  to  veer  faster  than  by  the  first  method;  though,  in 
general  the  first  method  will  answer  the  purpose. 

To  veer  under  bare  poles. 

The  fore-staysail  must,  if  circumstances  will  allow  it,  be  hoisted.     But  if  that  cannot 
be  done,  the  head  yards  are  to  be  braced  up  as  sharp  as  possible,  and  those  abaft  pointed 
to  the  wind.    Then,  if  the  ship  veers,  ahe  will  steer  under  the  masts  and  ropes  only. 
A  number  of  seamen  sent  up  and  placed  close  to  each  other  in  the  weather  fore-shrouds  * 
will  be  found  also  of  very  great  service. 

To  box^kaul  a  skip,  or  the  second  method  of  veering. 

Tn  this  evolution  the  most  rapid  execution  is  necessary.  Briskly,  and  at  the  same  in- 
stant, haul  up  both  the  mainsail  and  the  mizen  ;  shiver  the  main  and  mizen  topsails ; 
put  the  hehn  hard  a-lee  ;  raise  the  fore  tack ;  let  go  the  head  bowlines,  and  brace  about 
the  head  yards  sharp  the  other  way ;  and  let  the  jib  and  staysail  sheets  go  in  the  same 
instant  ^Vhen  the  ship  has  fallen  off  90"^,  brace  the  after  yards  square  in  order  to 
give  the  ship  a  little  way,  and  to  help  her  (with  the  rudder,  the  situation  of  which  must 
be  changed)  to  double  the  point  where  all  the  sails  shiver ;  and  when  the  wind  is  aft,  you 
will  proceed  as  in  the  method  of  "  veering  without  losin^f  the  wind  out  of  the  saib.^ 

If  the  circular  motion  of  the  ship,  after  she  has  fallen  off  90'.  continues  pretty  rapid,, 
the  filling  of  the  after  sails,  to  give  the  ship  headway,  may  be  dispensed  with  ;  because 
she  continues  to  turn  by  the  elTect  of  her  helm,  which  must  not  be  shifted,  since  the 
vessel^  still  continues  her  stem- way.  Therefore,  after  having  veered  a  few  degrees  more» 
the  wind  will  fill  all  her  sails,  and  the  ship  consequently  will  have  head  way.  Then 
change  the  situation  of  the  rudder  to  bnng  her  before  the  wind. 

In  a  case  of  absolute  danger,  when  tt  might  be  necessary  to  go  a-stem  and  fall  ofl*more 
rapidly,  put  the  helm  a-lee,  brace  all  the  sails  a-back,  and  observing  not  to  brace  the  after  . 
sails  more  than  square,  that  they  may  not  counteract  the  head  sails,  which  are  bracetl 
sharp  a-back  to  pay  the  ship's  head  olT;  because  the  eflect  of  the  after  sails,  in  this 
situation,  is  to  impel  the  ship  abaft  in  the  direction  of  her  keel,  which,  with  those  for- 
ward, contribute  to  give  her  fresh  stern-way,  in  order  to  cause  the  ship  to  veer  with 
greater  celerity.  The  jib  and  fore-topmast-staysail  sheets  being  hauled  over  to  windward, 
will  assist  the  ship  in  fallmg  ofi*  and  going  astern. 

Box-hauling  is  deemed  the  surest  and  readiest  way  to  get  a  ship  under  command  of 
the  helm  and  sails,  with  the  least  loss  of  ground  to  leeward,  when  a  ship  reftises  stays. 
The  masters  of  sloop  rigged  vessels,  turning  to  i^-indWard  in  nari^nv  channels,  when  they 
want  but  little  to  weather  a  certain  point  run  up»in  the  wind  till  the  head- way  ceases. 
then  they  fill  again  upon  the  same  tack ;  this  they  coll  making  a  half-board.  Thus  a 
ship  in  box-hauling  may  be  said  to  make  two  half-boards,  first  running  with  her  head, 
then  with  her  stern,  up- in  the  wind ;  by  which  two  motions  a  ship  rather  gains  to  wind- 
ward. 

To  club'ha\d  a  ship. 

Club-hauling  is  practised  when -it  is  expected  that  a  slJp  will  refuse  stays  upon  a  Ice- 
shore  :  place  the  bands  to  their  stations  for  pulling,  the  ship  about,  and  some  by  the  lee 
anchor;  then  put  the  helm  down,  and  if  the  ship  make  a  stand  before  she  brings  the 
wind  a-hcad,  let  go  the  anchor  and  haul  the  mainsail.  When  the  wind  is  a-hcaid,  cut 
the  cable,  and  the  ship  will  cast  the  way  required.  The  after  sails  being  full,  let  go  and 
hauh 

Another  metliod. 

Bend  a  hawser  to  the  kedge-anchor  on  the  Ice-bow,  and' bring  the  end  into  one  of  Che 
after  ports,  or  over  the  taffarel.  "Let  go  the  anchor,  brace  up  all  shaip  the  contrary  way, 
put  the  helm  a-lee,  and  haul  in  briskly  on  the  hawser.  As  soon  as  the  ship^ta  hea^ 
w4r,  Cut  or  slip  the  haw^r,  and  carrA-a  press  of  sail. . 
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To  iU4o  to  wndwqifid  oj  a  tlupy  $onsfwtto  drift  neat  her. 

The  Qftin-topsail  must  be  braced  sharp  a-back ;  keeping  the  fore  and  mizen  topnilB 
full ;  becaiue  the  wind  acta  with  a  very  small  sine  of  incidence  on  a  sail  when  full,  in 
compariaon  to  what  it  does  when  braced  shaip  a^back  ;  so  that  the  fore-topsail,  beinj; 
fun,  draws  the  ship  a  head,  and  the  effept  of  falling  off  is  opposed  by  themain  and  mizen- 
topsails.  She  v91  of  course  not  fall  off  much  ;  nor  will  her  lee  way  be  very  considera- 
ble ,*  for  the  ship  is  well  kept  to  the  wind  by  the  disposition  given  to  her  sails. 

To  lie-to  under  the  lee  of  another  tbip. 

The  fore- topsail  ought  to  be  braced  sharp  a-back,  the  main  and  mizen  topsails  kept  full^ 
hecanse  these  two  last  mentioned  sails  tend  to  give  the  ship  head- way,  and  keep  her  to 
the  wind ;  they  may  be  assisted  by  the  mizen,  which  will  oppose  the  falling  off  occa- 
sioned by  the  fore-topsail.  Thus,  should  the  ship  to  windward  fall  off  violently,  or 
drift  too  much,  you  arc  more  ready  to  veer  short  round,  and  avoid  being  boarded  ;  be- 
cause the  fore-topsail  being  braced  sharp  a  back,  the  impulse  of  the  wind  on  it  is  much 
greater  than  if  It  were  full:  and.it  is  well  disposed  to  veer  suddenly,  aa  soon  as  the 
power  of  the  other  sails  is  suppressed. 

To  bring^to  with  the  fore  or  oumi  U^iaUi  a  back  tb  the  nuutvrfiUed* 

Either  the  fore  or  main-to|>8aU  must  be  braced  sharp  a-back,  and  the  lee-bowline  haqji- 
cdup  a  little ;  the  oithertwo  topsails  trimmed  sharp^  with  the  mizen  hauled  out,  and  th» 
helm  a-lee.  -       , 

If  you  bring-to  with  the  fore-topsail  to  the  mast,  the  head  yards  may.be  only  laid 
aqoare.  Then  the  wind  will  act. obliquely  on  the  sail,  and  the  ship  will  fall  off  but  little, 
because  the  tSfbet  is  in  the  direction  of  the  keel  from  forward  aft,  and  the  sails  abaft, 
keep  the  ship  to.  The  main-topsdil  may  be  worked  in  the  same  manner,  if  you  wish  not 
toexpi^se  yourself  much  to  the  wind. 

To  hring'io  with  the  three  topsaUs  tt»b-ck. 

The  jib  and  staysails  being  hauled  down,  tjrace  sharp  round  at  once  all  the  8a&  you 
wish  to  lie  a-back  in  hauling  up  the  lee-bdwlines,  th<  elter  t  j  expone  the  sails  to  the 
action  of  the  wind. ;  haul  out  the  mizen,  and  put  the  heim  hard  a- weather. 

ToJUl  when  lying-to  teith  the  fore-iopaaU  to  the  maet. 

Brail  up  the  mizen,  hoist  the  jib  and  foretopmast-Htaysail,  shiver  the  main  and  miten 
top^,  and  when  the  ship  has  fallen  oB  2Q°  or  30"^,  fill  the  fore-topsail,  which  W8s 
«-back  before,  and  stand  on. 

TofiU  tohen  lying-to  with  the  mmn-topaail  to  the  mast. 

Brace  sharp  and  briskly  the  fore-topsail  a-baek ;  shiver  the  main  and  mizen  toprails ; 
hcrist  the  jd>  and  fore-topmast  staysails,  and  brail  up  the  mizen.  all  at  the  same  time ;  and 
when  the  ship  has  fallen  off  20-*  or  30^,  fill  the  fore-topsail  and  stand  on 

If  you  are  obliged  to  keep  the  wind  on  the  same  tack  as  that  on  which  you  are  lying« 
to,  you  have  only  to  right  the  helm,  fill  the  topsail' which  is  a-back,  and  trim  it  sharp,  to 
continue  your  coune. 

•4  second' method. 

Trim  the  topsail  which  was  to  the  mast,  in  order  to  give  the  ship  way  through  tho 
ivater,  and  be  able  to  tack  or  run  large,  according  as  may  be  found  necessary.  But  this 
method  ia  very  tedious,  unless  you  mean  to  heave  in  stays ;  in  which  case  It  will  be  mo^t 
expeditious. 

•4  third  method. 

Shiver  the  main  and  mizen  topsails,  keeping  the  fore-topsail  full,  righting  the  helfli, 
and  running  up  the  jib  and  fore-topmast  staysail  at  th&same  time.  As  soon  as  the  ship 
has  faUen  off  enough  to  get  beadway,  fill  the  after  sails,  and  keep  the  ship  in  the  direc- 
tion you  mean  to'follow.  It  is  easily  seen  that  this  method,  though  the  most  common,  is 
not  the  most  expeditious,  when  you  have  to  veer  considerably. 

TdfiU  when  lying  to  %oUh  ail  the  saits  to  the  masL 
Brail  up  the  mizen,  Uy  the  after  yiards  square,  and  shift  the  helm  a-lee.    When  the 
ship  has  fallen  off  sufficiently  to  fill  the  after  sails,  those  forward  axe  then  to  be  braced 
about  and  trimmed  full  also,  in  order  to  staml  on. 

Ofkfing'toinagaleofviind. 

To  lie-to  when  it  blows  hard,  keep  as  close  to  the  wind  as  possible  under  some  one 

sail  well  trimmed,  with  the  helm  lashed  a-lee  as  much  as  may  be  requisite  for  the  ship ; 

and  u  ships  common^  bring  to  from  the  streaa  of  contrary  winds,  care  should  betaken 

to  heave-to  under  such  sail  as  will  least  strain  the  shi]^ ;  bccalise  there  aid  some  aUpi 
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whkh  lie»to  better  iinaer  the  forafall  than  mainsail,  othen  aie  man  catjr  under  dii 
yftain^«*i  Bome  tmder  a  misen,  aod  many  Tesselt  lie-to  best  under  « luain  staysaiL 
Ijfing^to' under  afaruoU* 

This  is  adTantageous  for  veering  when  yoo  aie  well  to  windward;  but  it  aii|^- 
uentB  the  lee-way,  and  is  more  subject  to  break  the  sea  on  board,  on  acciount  of  t£i 
ship's  continual  falling  off,  because  in  that  moTement  she  gathers  way  by  yielding  to 
the  impulse  ef  the  gale,  ajid  is  afterwards  recalled  to  the  wind  by  tte  hehn ;  so  that  ifi 
spiingiag  the  luff  she  meets  the  wave  which  comes  firom  to  windward. 

Lying*to  under  the  makutdL 

the  shxp  does  not  in  this  situation  fall  off  so  easily  as  in  the  last  mentioned  mode,  be» 
cause  its  effect  passes  abaft  the  centre  of  gra?ity  of  the  ship ;  but  it  keeps  the  ship  more 
to  the  wind,  and  consequently  occasions  less  lee*way. 

I^/(ng*to  under  the  miun* 

Uhder  the  jnisen,  ships  keep  better  tofhe  wind  than  under  any  otbef  laily  beeaow  it 
is  farther  abaft  the  centre  of  gravity  than  any  of  the  rest,  eonsMpiently  ought  to  ktef 
the  vessel  fkom  drifting  more  than  any  of  the  others ;  hot  it  is  inconvenieot  should  you 
hare  occasion  to  veer  suddenly. 

Ljfmg'lo  under  the  tnmn  staff^aiL 

Under  the  main  staysail  a  shi^  will  not  make  so  much  le6-way  as.  tmder  ftAmsaA, 
because  its  etforts  pass  very  near  the  centre  of  gravity ;  but  it  wA,  however,  canae  her 
to  drift  more  than  the  mainsail ;  so  that  this  mode  of  lying-to  is  a  mean  between  the  two 
others,  and  is  preferable  when  it  blows  strong  enough  for  that  sail  to  support  the  rolUp^ 


of  the  ship,  it  ought  likewise  to  be  preibrred,  because  the  ship  will  veer  under  that  aall, 
the  action  of  which  passes  at  a  small  distance  from  the  centre  of  gravi^,  and  th»paw- 
•cr  of  the  sail  overcomes  the  resistance  which  all  ships  aoeet  from  the  fluid  under  their 


lee  'y  a  resistance  which  always  gives  them  a  great  hiclination  to  fly  up  In  Ibft  wind  when 
it  blows  hard,  or  when  under  a  heavy  press  of  sail. 

Lymgwto  under  thefare^  nmnf  and  wizen  etofemts. 

All  the  preceding  modes  of  lyin^to  hare  their  peculiar  (hults ;  but  the  preferable  way 
is  under  the  fore  staysail,  the  main  staysail,  and  mizen  staysail;  beeanse  under  these 
sails  the  ship  will  steer,  and  is  in  a  better  si^tion  for  veering  than  under  any  other  saP ; 
for  only  haul  down  the  mlien  staysail  and  put  the  helm  a-weather,  when  the  two  other 
sails,  being  be(ore  the  centre  of  gravity,  wOl  cause  her  to  fidl  off;  sho  will  then  soon 
gather  way,  and  steer  easily. 

Should  the  gale  continue  rery  hard,  and  one  of  those  staysaib  be  hlowa  smy,  th6 
loss  is  not  of  much  coiisequenoe,  as  the  courses,  in  ease  of  an  emecgeney,  are  ready  to 
set ;  whereas  the  courses  are  not  so  readily  replaced  when  lost  This  fijode  thernbra 
appears  preferable  in  every  respect,'^  whether  you  wish  to  veer  or  keep  your  wind ;  be* 
<jause  if  the  ship  does  not  sufficiently  keep  the  wind,  yoti  may  haul  out  the  bdaneed 
mizen,  or  take  in  the  fore-staysail,  or  even  the  main -stay  bail.  One  of  these  stayaaibi 
before  the  centre  of  gravity  of  the  ship,  is  aufficient  to  make  her  veer  as  aoon  as  Uie 
after  ones  are  suppressed.  There  are  besides,  these  following  consMentions  fbr  so 
^doing:  the  ship  will  carry  sail  better ;  because,  as  the  centre oif  effort  of  thumb  on  her 
is  very  low ;  she  drifts  less,  holds  a  better  wind,  and  goes  ftster  through  the  water ; 
and  these  three  or  ft>ur  sails  are  so  situated  as  to  give  the  whole  body  of  the  ship  flsgr^ 
which  will  strain  her  less  than  when  under  one  single  sail,  which  cannot  by  itself  woft 
it  from  aft  forward. 

Of  scundbig  in  fair  weather y  iohetiter  de$e*hauied,  or  going  large*     • 

^       Gose-hmded, 

If  close-hauled,  braH  up  the  mizen  and  mizen-staysail,  let  go  the  main  si^et  Ihat  thk 
8.ail  may  shiver,  put  the  hehn  arlee,  mid  bode  the  mizen»to|^all  by  bradQg  it  oi|oaie. 
The  head-sails  as  well  as  the  jib  and  staysails,  are  to  be  kept  in  their  Asst  sitnalioii;  re- 
collecting  to  haul  fight  and  belay  the  lee  braces.  When  the  shfe  has  nearly  loal  her 
headway,  though  continumg  etUl  to  come  to  iha  wind,  yet  catch  that  moment  to  hfem 
the  lead,  and  it  is  to  be  hauled  in  again  with  all  possible  despoteh*  To  fill  again*  htal 
aft  the  main-sheet,  trim  the  misen  topsail,  and  ri^t  the  helm. 

Going  large. 

In  going  large  you  have  only  to  put  the  hehn  a-lee,  to  brail  t^  the  mizen,  and  baby 
the  lee  braces  quite  tight,  to  prevent  the  yards  having  too  much  play  when  the  safla  are 

.J^^.ho«MihsaMnui  loo  high  Ibr  ths  lower ftsMhOs  to  heap  die  Mp  Aesdy,a  ^kam^rttttd  mim^ 
t^TMU  wUI  he  Iboad  to  answer  ttie  pmpdse  admirebi J. 
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Aifwios*  It  ttimponibie  to  lick  in  thk  iitaati«B»  as  the  jib  and  head-sails  are  always 
ID  aetioB:  and  the  square-sails  soon  coming  to  shake,  on  account  of  thehr  sheets  not 
being  tacked,  they  lose  all  their  power,  and  the  ship  is  soon  at  a  stand. 

*    4(nothtT  nulAod  preferabU  te  the  firmer. 

Going  Uargt, 

Brace  the  headsaib  square,  haul  down  the  jib  andl  staysails,  withoat  s6rring  the  after 
aaib,  and  put  tiie  hefan  a,-lee.  WhEe  the  ship  has  still  a  little  headway,  heave  the  leaU 
from  the  plaee  where  yon  haul  it  in :  that  lead  will  go  first  a  little  a*stem,  but  the  ship 
b«hw  head  to  wind,  wiU  soon  herself  go  astern  right  upon  the  line  ;  and  as  the  helm 
if  a4pi^  the  ship  jeasily  veers.  But,  if  you  wish  to  keep  her  to  longer,  right  the  helm 
•nd  haul  the  mizen  out>  to  prevent  the  ship's  faUing4>(t 

If  you  have  studding  sails  set,  they  must  be  haiilA  down,  particularly  the  lower  ones  ; 
because,  should  the  wind  take  theii  aback,  their  power  on  the  boom  might  bring  thi? 
«hip  roimd  entirely,  for  they  act  on  a  lever  without  the  ship,  the  fulcrum  of  which  is  on 
the  outside  of  the  vessel  before  the  centre  of  gravity.  If,  however,  the  hehn  is  continued 
arlee  till  the  ship  falls  oil^  she  will  not  come  about,  because  then  the  vessel  goes  a-stern 
withjpeat  velocity,  and  the  rudder  aets  povcrfuQy  to  make  her  veer ;  but  the  fact  1^, 
that  Oe  ship  vrfll  go  a  great  deal  a-stem,  and  will  continue  to  do  so  much  longer. 

*  *  CUub-hauUd, 

If  dose  hauled,  or  a  very  little  from  the  wind,  the  helm  is  to  be  put  a-lee,  and  the  in* 
otaiit  the  sails  are  taken  a-b%ck  the  headsails  are  to  be  aUcd  by  briskly  hraeing  them 
square,  without  iraitmg  for  the  wind  being  right  a-head ;  then  a  little  before  the  ship  has 
loot  her  wigr^  heave  the  lead  from  the  p)aee  where  you  haul  it  in,  and  then  proceed  as 

On  ship's  Aiving,    ' 

When  it  h^>pens  that  there  is  not  sufficient  room  to  work  in  a  tide's  way,  through  a 
crowd  of  shipe,  or  in  a  narrow  channel,  but  that  the  shm  must  drive  by  the  |help  of  the 
tidOy-lfmay  be  done,  provided  the  tide  be  strong  cnougn  in  proportion  to  the  vrind. 
This  art  eoDslsts  In  keeping  the  ship  in  a  fair  vray,  by  a  management  of  the  rudder  and 
thai  " 


To  dHas  to  windwardj  when  Uu  wind  is  agmnot  the  tide, 

if  IIm  chaiind  is  suiBciently  broad,  the  ship  shoukf  be  drilled  broadside  to  the  wind, 
as  the  tide  wai  then  have  the  greatest  power  on  her,-  and  coukl  the  ship  be  backed 
ustem  or  shot  aphead  at  pleasure,  she  might  be  ^ept  drifting  upon  tho  same  tadc  with 
safety;  but  ships  m  a  tide's  way  can  never  be  backed  so  for  a-stem  as  they  will 
shoot  a-head.  At  the  first  of  a  stem-board,  a  ship  will  go  briskly  a-stero,  but  will  soon 
fon  oiC  and  dri(t  with  the  wind  abaft  the  beam,  foigiog  a-bead ;  for  this  reason  she  must 
be  drifted  with  the  hehn.  a^lee.  It  follows,  as  a  ship  will  shoot  more  a-hcad  than  she 
can  be  backod  a-stem,  that  she  will  at  length  arrive  at  the  opposite  shore,  when  she  must 
be  stayed  or  veered  and  drifted  upon  the  other  tack.  If  she  is  to  be  sUyed,  (which  is 
prefenMe,  because  less  drift  wOl  be  lost  by  it)  let  the  sails  be  filled  in  time  to  give  the 
ship  snfBcient  headw^f^  to  brio^  her  about,  then  put  the  hebn  «4ee.  Should  she  come 
ahOBt,  the  sails  and  iiehn  having  now  a  proper  position  for  a  steraboard  upon  the  other 
tad:,  need  not  be  touched  till  )ier  stemway.  ceases,  when  the  helm  must  be  shifted  aplee : 
but  should  the  ship  refuse  sUys,  then  brace  sharp  round  the  headyards,  and  bozhaul  her^ 
Ij  which  method  she  wiU  lose  much  less  drift  than  by  veerings 

If  tfieship  now  <brifting  broadside,  is  approaching  a  narrow  channel,  where  drifting  iXi 
this  position,  ihe  must  be  veered  and  topped,  stemming  the  tide  stern  foremost  In 
this  case,  that  the  drii^  may  be  as  much  as  possible,  it  will  be  necessary  to  take  in  sail, 
and  ndoee  the  ship's  headway  till  she  has  only  steerage  way  left ;  thus  a  vessel  may  be 
dropped  thMWgh  a  fleet  of  ships  at  anchor  without  danger. 

To  drive  when  the  loind  is  dense  (ketidi. 

Should  the  wind  be  a  littic  Aoross  the  tide,  a  ship  may  be  easily  drifted  in  the  fair  way, 
with  her  head  towards  the  weather  shore ;  for  thus  it  will  be  found  that  she  can  be  back- 
ed and  filled  at  pleasure,  and  generally  be  drifted  with  the  saUs  sbiveripg,  in  which  po- 
sition they  oppose  least  power  to  prevent  the  driit  . 

It  firequeaUy  happens,  in  serpentine  rivers,  that  the  tMe  aeU  across ;  wth»  case  the 
ship  must  be  drifted  with  her  head  to  the  side  from  which  the  tide  sets.  Tb«f  "f f"  ^% 
best  discovered  by  observing  the  opening  or  shutting  of  two  objects  hi  the  direcUon  ol 
the  c^ 


To  bemi  a  course  in  fair  weedker, 
filrctch  the  iuU  Vthwttt  thcdedk,  the  staib«rd«de  of  the  saUto  the  starboard  side, 
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larboftrd  to  Che  laifaotrd  side ;  then  bend  jrurdropes  to  Ibe  ear-ring  cringks,  and  makl» 
t  the  head  ear-rings  a  few  feet  up  upon  the  yard-ropes.  The  bunt^lines,  kedi-lines, 
B  garnets,  and  all  the  geer  bent,  make  fast  a  rope-band  to  each  biint^Hne  and  leech'* 
)  leg,  that  the  men  may  be  enablecl  to  catch  the  head  of  the  sail  from  the  yard.  Now 
n  well  the  yard  ropes,  bunt-lines,  leech -lines,  and  clue-garnets,  and  run  the  sail  up  t« 

yard.  The  sail  aloll,  send  the  hands  up  to  briRg  it  to,  and  let  them  haul  out  the 
ather  ear-ring  first^  then  the  lee  ;  and,  if  it  is  a  new  sail,  let  them  ride  the  head- rope 
itretch  it.  The  sail  being  hauled  square  out  upon  the  yard,  make  fa«t  the  rope-banosy 
^ping  the  head  of  the  sail  well  upon  the  yard. 

To  bend  a  toptaU  in  fitbr  wtaihtr, 

>yeriiaiil  the  leeches  of  tiie  sail,  put  in  the  ear-rings,  bend  the  boW-Iine  legs,  lay  out 
clues,  ami  open  them  if  necessagr,  and  make  the  sail  up  snug  again ;  &en  round 
vn  upon  the  lee-to^isail-haliards  till  the  weather  fly-block  is  hi||^  enough  to  bring  the 
I  up  over  the  guard-iron :  then  rack  the  tie  over  the  weather  rigging.  Now  pile  the 
I  upon  slings,  with  the  lee-side  uppermost :  hook  on  the  topsaifhaliards,  and  run  the 
•sail  up  into  the  top :  then  stretch  the  sail  round  the  fore-part  of  the  top,  bend  the 
r,  and  make  fast  the  head  ear-rings  a  few  Teet  up  upon  the  reef-tackle-pendants,  with 
ope-band  or  ti^^o  to  each  bunt«line  leg.  The  jeer  being  bent,  man  the  reeTe-tacfcles, 
it*lines  and  due-lines,  and  haul  out  the  sail.  Now  let  the  hands  lay  out  upon  the 
■d,  and  haul  out  the  weather  ear-rings  first ;  then  haul  out  to  leeward,  and  eaae  off  to 
idward  tiU  the  sail  is  square,  when  make  fast  the  rope-bands,  keeping  the  head  of  the 
I  well  va^  upon  the  yard. 

To  set  a  nunnsaH  orforesaU. 

Before  the  sail  is  loosed,  let  the  double  block  of  a  tackle  be  made  Ihst  to  the  weatfaer- 
e,  and  the  single  block  be  hooked  low  down  upon  the  ehesa-tree,  and  the  fall  led  afU 
en  man  well  the  tack  and  fall  at  the  same  time ;  and  when  the  sail  is  loosed, 
le  away  the  weather-clue  garnet  let  go  the  -  bunt-lines  and  leech-Unes,  bowse  down 
>n  the  tackle,  ahd  take  in  the  main- tack  ;  the  main-tack  being  down,  haul  aft  the 
iti,  brace  up  the  yard,  and  haul  the  main-bowline. 

To  set  a  topaaU. 

Let  a  tackle  be  in  readiness  to  clap  on  either  sheet  as  may  be  required.     First  man 

\  lee-sheet ;  and,  the  sail  being  loosed,  ease  down  the  bunt-lines  and  lee  elue-luie,aDd 

ul  home  the  lee  sheet ;  then  haul  home  the  weather  sheet,  hoist  the  sail,  and  brace  up 

required. 

Should  the  wind  be  quartering,  the  lower  and  topsail  yards  should  be  braced  well  Into 

\  wipd,  before  the  sail  is  sheeted  honie. 

To  take  in  a  course, 
Man  well  the  weather  clue-garnet,  ease  ofl*  the  tack  and  bowline,  and  nin  it  up ;  theq, 
in  the  lee  clue-garnet,  bunt-lines,  leech-lines,  and  weather  braces;  and  being  all  readj, 
se  away  the  sheet,  haul  up  the  clue-garnet,  bunt-lines,  and  leech-lines,  and  round  in 
J  weather-brace,  till  the  yard  is  pointed  to  the  wind.  Then  haul  tight  the  trusses,  braces, 
ts  and  rolling  tackle,  and  let  the  hands  furl  the  sail.     . 

To  take  m  the  foresail  m  the  time  of  veering. 
When  the  ship  begins  to  veer,  the  yard  being  kept  braced  sharp  up,  let  %o  the  tack  and 
wline,  and  haul  ap  the  weather  clue-garnet.  When  the  ship  is  neariy  before  the  wind, 
i  bunt  and  leech-lines,  and  the  other  clue-garnet  may  be  hauled  up ;  and  if  the  sitna- 
n  admits  of  it,  and  occasion  requires,  the  ship  may  be  steered  with  the,  wind  on  the 
urter,  till  the  sail  is  secured. 

To  take  m  a  topsail. 
There  are  many  opinions  upon  the  best  mode  of  perfortning  this.  Some  aptiroTe'of 
dng  up  to  windu  ard  first,  and  others  to  Icewai'd.  If  the  weather-side  is  to  be  ehied  op 
it,  the  weather  brace  must  be  rounded  well  in,  and  the  yard  got  close  down  upon  the 
;s,  othervrise  the  lee  rigging  will  be  in  danger  of  being  carried  away  by  the  great  ptes» 
re  of  the  lee  yard-arm.  If  the  weather  brace  can  be  rounded  well  in,  artd  the  yai^  he 
t  close  down,  it  will  be  best  to  clue  up  to  windward  first,  for  thus  the  sail  may  be  taken 
without  a  shake,  but,  if  the  weathen-brace  cannot  be  hauled  in  to  ease  the  yard  off  the 
1  rigging,  recourse  must  be  had  to  cluing  up  to  leewanl  first.  In  this  case,  it  will  be 
it,  if  hands  can  be  spared,  to  man  both  the  clue-lines,  bunt-lines,  and  weather-brace, 
the  same  time ;  th^s,  when  the  lee  sheet  is  eased  ofl",  the  weather-brace  miM[  be  hauled 
with  ease,  and  the  yard  laid  to  the  wind ;  and.  when  the  lee  chie-line  is  ftSf  up,  eaae 
the  weather-sheet,  and  run  up  the  weather  clue-line :  then  haul  tight  the  IeehiMy» 
nrse  tight  the  rolling  tackle,  and  furl  the  sail. 
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ToUktmaj^, 

Mm  n^U  the  down-haul,  let  go  the  haliardB,  eaae  off  the  sheet,  and  haul  down  brisUy ; 
^a»d,  when  the  laO  is  close  down,  ease  away  the  out-haul,  and  haul  the  saU  into  the  bow-    \ 
0piit  cap ;  then  let  it  be  stowed  away  in  the  fore-staysail  netting. 

To  hmd  in  a  Unber  studding-saa. 

To  haul  in  a  lower  studding-sail,  blowing  fresh,  lead  one  of  the  sheets  clear  aft,  and 
■an  it  well :  then  lower  away  briskly  the  outer  haliards,  to  spill  the  sail;  ease  off  the 
taek,  nm  in  upon  the  sheet,  and  lower  awaj  the  inner  haliards  as  required. 

To  haul  down  a  topmast  studding^saU, 

Man  wen  the  deck  sheet  and  down  haul,  ease  off  the  haliards,  and  haQ\  theyard  close 
out  to  the  tack  block ;  then  ease  away  the  tack ,  and  haul  down  both  upon  the  deck  sheet 
anddownhaul. 

To  hraii  tip  and  haul  doum  a  mam'topnuut'StaysaU. 

Man  wefl  the  lee  brail  and  down-haul,  having  a  few  hands  to  gather  in  the  slack  of  the 
weather  brail ;  then  let  go  the  haliards,  ease  off  the  sheet,  and  haul  down  and  brail  up  as 
hriskly  as  possible.  When  the  sail  is  down,  let  gO  the  tack,  and  stop  the  sail  over  to  the 
lee  fore- figging* 

To  brail  vp  a  ndzen, 

Man  wen  the  lee  brails,  ease  off  the  mlzen  sheet,  and  brail  up  briskly,  taking  in  at  the 
same  time  the  slack  of  the  weather  brails.  After  the  sail  is  hauled  up,  stop  its  foot  by 
ptiaing^lhe  guket  round  to  leeward  which  will  spill  it. 

To  tofcf  tn  top- gallant- sail. 

The  lee  sheet  must  be  started  first  and  clued  up,  and  then  the  weather  sheet. 

To  unbend  a  courte. 

First  fttri-the  sail,  then  cast  off  the  rope-bands  and  make  them  fast  round  the  sail,  clear 
off  the  ijasketp.  "When  the  rope-bands  are  all  off,  ease  off  the  lee  ear-ring,  and  low^r  dovm 
the  sail ;  and,  when  the  people  upon  deck  have  got  hold  of  the  lee  part  of  the  safl,  ease 
away  the  weather  ear-ring. 

Taimbend  a  top-sail. 

Fuiatcast  off  the  points  of  the  reeft,  keeping  fast  the  ear  rings ;  then  fur)  the  sail 
and  east  off  the  rope<-bands,  which  make  fast  round  the  sail,  clear  off  the  gaskets.  After 
this  cast  off  the  ^e  ear-rings  and  haul  the  lee  side  of  the  sail  into  the  top  ;  then  haul  in  the 
weather  side.  Now  unbend  the  reef* tackle,  pendants,  bunt- lines,  and  bow  lines';  bight 
the  sail  snugly  up  together ;  and  send  it  down  by  the  clue-lines  to  windward  or  to  lee- 
ward, as  most  convenient. 

*  On  scudding  ot  bearing  away  in  a  storm, 

"When  the  waves  run  high,  and  sudden  ncceraity  requires  to  bear  away,  it  fhould  be  con- 
sidered that  the  lower  sails  forward,  which  the  ship  may  be  veered  under  when  she  comes 
before  the  wind,  may  be  becalmed  by  the  height  of  the  waves  breaking  violently  against  { 
the  ster9 ;  and  that  therefore  a  close-reefed  maintop-sail  should  be  set  to  catch  the  wind,  ' 
because  it  is  a  loftier  sail,  and  may  always  be  kept-drawing  full  above  the  waves.  This  [ 
increases  the  ship^s  headway  so  much  that  the  waves  will  not  strike  her  abaft  with  so  \ 
great  a  velocity  as  when  her  headway  is  less.  ^ 

Hence  it  follows,  that  when  going  to  scud  before  high  waves,  the  close-reefed-main-       ' 
topsaii  should  be  the  last  square  sail  taken  in  in  a  laboursome  ship. 

,  Of  a  ship  overset  on  her  side.  i 

A  comraop,  but  not  alway/a  certain  method  to  recover  ships  from  this  dangerous  sitna-    / 
tion,  is  to  cnt  away  the  masts :  however,  as  this  expensive  method  may  fail,  stop-waters 
only,  on  the  lee  quarter  at  sea,  may  cause  the  ship  to  veer ;  or,  where  there  is  ground,    ' 
an  anchor  or  anchors  dropped *from  the  lee  bow,  may  bring  the  wind  a-head  and  take  the 
saJBs  a-ba^,  so  as  to  cast  the  ship  on  the  other  tack,  and  bring  her  upright. 
To  rig  a  mam-topmosf . 

Tar  the  mast-head,  get  the  cross-trees  over,  fix  the  bolaters  and  parcel  them,  pot  over 
borton  pendants,  then  the  shrouds,  breast-back-stay,  proper  and  spring-stay  and  cap,  sway 
up  the  mast  and  fid  it,  seize  In  the  dead  eyes,  stay  the  mast,  set  up  the  shrouds,  rattle 
them  down,  lash  the  bullock  blocks  to  the  mast  head. 
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TorigctopgaUmUmast, 

Send  down  the  topn>ope^  reeve  it  through  the  sfaeeye-hole,  and  make  it  tut  round  the 
hounds  of  the  mast  and  standing  part  of  the  rope,  leaving  enough  end  to  make  ftst  to 
the  cap,  which  done,  sway-away,-  when  the  head  is  through  the  ^cap,  make  fast  the  spam 
end,  or  standing  part  of  the  top-rope  to  the  cap,  cut  the  seizing  dap  on  the  grommet, 
then  the  shrouds,  back  stays  and  stay,  sway  up  the  most,  fid  it,  and  set  the  rigging  up. 

To  rig  a  boicsprU. 

llash  the  collar  fore-stay  for  the  bob-stays  and  bowsprit  shrouds,  then  the  collar  for 
the  spring  sta^s,  then  the  4)lock  for  the  topmast  stay,  fix  the  man-rope,  gammon  the 
bowsprit,  and  set  bob-stays  and  shrouds  up. 

Torig  ajib-boom. 

Put  oTQr  the  traveUer,  horses,  gnys,  the  topgallant  stay-block,  and  hish  on  the  Uocks, 
for  the  topgallant  bowline  and  jib  down-haul  block  to  the  tniTeUer. 

To  rig  a  Uneer  yard. 

Get  it  athwart  the  gunwale,  lash  the  jeers,  quarWr  clue-garnets,  bunt-Ilnes,  leech* 
lines  and  sslab-line  blocks ;  then  put  over  the  yard  arms,  the  horses,  brace  pendants,  the 
}turd-tackle  pendants,  then  the  top-sail  sheet  and  lift-blocks,  reeve  the  jeers,  braces,  lifts 
and  yard  tackle  falls,  truss  parcels,  sway  the  yard  up,  and  haul  all  taut 

To  rig  a  fore-topsaU  yard. 

Reeve  a  top-rope  through  the  bullock-Uock  and  send  it  down,  and  having  put  over  the 
horses,  make  the  top-rope  fast  to  the  middle  of  the  yard,  slopping  it  to  Uie  yard-arm^ 
swat  it  up  above  the  top,  put  over  the  btnco  pendants  and  liA  blocb,  reeve  the  lifts  and 
braces,  cut  Ibe  yard-arm  Meizing  and  cross  the  yard,  lash  the  tye,  bunt^line  and  due-line 
blocks,  reeve  the  tye  and  haliards,  sway  it  up  ahoVe  the  cap,  and  parcel  it,  reeve  the  due* 
lines,  bunt-lines  and  reef-tackles. 

To  rig  a  topgaUant'ymrd, 

Seize  the  due-line  blocks  on,  put  the  horses  over  the  yard-arms,  sway  it  upon  the  cap 
and  rig  the  yjurd-anns,  by  putting  on  the  brace-pendants  and  lifts,  then  cross  the  ymni 
and  parcel  it. 

To  steer  a  ship  when  her  rudder  is  lost. 

To  take  a  large  spar,  or  part  of  a  topmast,  and  cut  it  flat  in  the  form  of  astem-post, 
bore  holes  at  proper  distances  in  that  part  which' is  to  be  the  fore-part  of  the  preventer 
or  additional  stern-post,  then  take  the  thickest  plank  on  board,  and  vaake  it  as  near  as- 
possible  into  the  form  of  a  rudder,  bore  holes  at  proper  distances  in  the  fore-part  of  it. 
and  in  the  after  part  of  the  preventer  stem  post  to  correspond  with  eadi  Other :  ana 
reeve  rope  grammots  through  those  holes  in  the  rudder,  and  after-port  of  the  stem- post 
for  the  rudder  to  play  upon.  -^ 

Through  the  preventer  stem-post  reeve  guys,  and  at  the  fore-part  of  them  fixtacUea, 
and  then  put  the  machine  overboard ;  when  it  is  in  a  proper  position,  or  in  aline  with  tb^ 
ship^s  stern-post,  lash  the  upper  part  of  the  preventer-post  to  the  upper  part  of  the  ship's 
stern-post,  then  hook  tackles  at  or  near  the  main,  chains  and  bowse  taut  qn  the  guys  to 
confine  it  to  the  lower  part  of  the  preventer  stem-post : — Shaving  holes  bored  Uirough  the 
preventer,  and  proper  stern-post,  run  an  iron  boM  through  both,  taldnf  care  not  to  touch 
the  rudder,  which  will  prevent  the  false  stem-post  from  risine  up/viaUing  down. 

By  the  guys  on  the  after  part  of  the  rudder,  and  tackles  a£&ed  to  them,  thl^  ship  may 
be  steered,  taking  care  to  bowse  taut  the  tackles  on  the  preventer  stem-post  to  keqi  it 
close  to  the  proper  stern-post. 
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CATALOGUE 


OF  THE 


TAdLEd,  TOTH  EXAMPLES   OF  THE  USES  OF  THOSE  THAT  ARE  NOT 
EltfLAlNED  IN  OTHER.  PARTS  OF  THIS  WORK. 


TABLES  I.  and  11.  J)^erence  of  Latitude  and  Departure, — ^The  first  table  coDtains 
the  difference  of  latitude  and  departure  corresponding  to  distances  not  exceeding  300, 
ftnd  for  courses  to  erery  quarter-point  of  the  compass.  Table  U.  is  of  the  same  nature 
lind  eJctenti  but  for  courses  consisUng  of  whole  degrees.  The  manner  of  using  these 
tables  is  particularly  explained  under  the  article  of  Inspection,  in  the  different  Problems 
«>f  Plane,  Middle  Latitude,  and  Mereator's  Sailing. 

TABLE  III-  MtridUnd  Part$.-^An  explanation  of  this  table  may  be  found  in  pages 
77  and  79,  and  the  uses  of  it  are  shown  in  all  the  Problems  of  Mercator's  Sailing. 

TABLE  IV.     The  avn*$  Mhdinitwn, 

TABLE  IV.  A.  This  taUe  contains  the  equation  of  time  for  every  noon  at  Green- 
wich and  is  to  be  reduced  to  any  other  hour  by  means  of  Table  VI.  A.  Thus,  suppose 
the  equation  of  time  was  required  for  May  Sf,  .1824,  sea  account  at  10  A.  M.  q>parent 
timO)  corresponding  to  May  Id.  SlSi.  by  (he  N.  A.  Tiable  IV.  A.  giyes  the  equation  May 
1,  at  noon,  ntb.  3m.  5s.  and  daily  increase  8^.  Find  this  at  the  top  in  Table  VI.  A. 
and  iSli.  at  the  side,  the  corresponding  correction  7s.  mcreasea  the  equation  3m.  5s.  to 
3m.  19b.  which  is  the  equation  at  the  proposed  time.  Thus  78.  could  have  been  fu6- 
iraethe  if  the  emiation  had  been  decreaatng,  as  it  is  in  Mardi.  The  equation  of  time 
being  thus  found,  sub.  3m.  12s.  is  to  be  subtracted  from  the  apparerU  time  28h.  as  in  the 
table  to  get  the  mean  time  21  h.  56m.  48s.  If  the  mean  time  21  h.  56m.  48s.  had  been 
Ipiren  to  find  the  apparent  it  must  be  applied  differently  from  the  direction  in  the  table, 
and  in  this  example  must  therefore  be  udded  to  21h.  56m«  48sr  to  obtain  the  ^parent 
time  .22h. 

TABLE  V.  Forredudsig  the  Stm*8  Dedinatim  gtoenfir  noon  at  Greewuneh  to  any 
Uher  tkne  vmdtr  arn^  other  meridian, — The  manner  of  using  the  two  preceding  t^les  is 
explained  in  pages  110  and  111. 

TABLE  VI.  The  SuiCs  Right  Jiscension,— The  Sun's  mean  right  ascension  giren  in 
this  table  may  be  used  when  a  Nautical  Almanac  cannot  be  prociu«d,  and  no  great  ac- 
curacy is  reqdlred.  The  Table  is  to  be  entered  at  the  top  with  the  month,  and  at  the 
side  with  the  day  of  the  month.    > 

TABLE  VII.    Jlmplitudes,^Thi8  table  is  explained  in  page  112. 

tlABLEYIII.  Right  Ascensions  and  Decimations  of  the  principal  fixed  Stars. — 
This  table  contains  the  right  ascensions  and  declinations  of  the  principal  fixed  stars, 
julapted  to  the  1st  of  January,  1820,  and  the  annual  variations  in  right  ascension  and 
declination  i  by  me^s  of  which  the  right  ascensions  and  declinations  of  doy  of  these 
stars  may  be  obtained  for  any  time  before  or  aAer  the  year  1820,  by  tbe  rule  at  the  ond 
of  the  table.  To  ilhistrate  the  method  of  doing  this,  we  shall  here  giT&th'o  following 
examples. 

Tofind  the  right  ascension  of  a  star  at  any  time. 
EXAMPLE  I.  _  EXAMPLE  II. 

Required  Uie  right  Moenslon  of  AUcbanuv  Janu- 
ary i,  1824?  '  b.  m.  s. 
B.  A  bjr  the  T«ble  laisao  4  25  36 
Variation  io  4  yesrt  add  H 


Required  the  right  a«ceiuiion  of  Aklebaran,  Janu- 
ary 1, 1900  f  b.  m.  ff. 
Of  A.  by  ib«  Table  In  1820  4  25  36 
Variation  in  SO  years,  subtract  l    8 


R.  A.  In  January,  1824  4  25  £C{R.  A.  on  Janoaiy  1,  iIm  4  24  27 


EXAMPLE  m. 


ifOSi  h.  ro.f. 

X.  A.  hy  the  Table  in  1830  '     19  15  4S 


EXAMPLE  IV. 


ReqiUrcd  the  right  nsernsion  of  Splea,  May  SO,     R«qnlr«d  the  right  aaceutlon  of  Sbriai,  79ovem- 


ber6, 1807?  h.  m.  s. 

R.  A^  b}  the  Table  in  18S0  6  97  18 


Variatloo  in  6  years  4i  mohths,  add  20  Variation  in  13  years  sublnict  S4 


B.  A.  May  20^  I82B  13  16    9  R.  A.  in  Jantmry,  1807  6  36  39 

Variation  for  10  months  asd  6  days,  add  2 


0.  A.  November  6, 1807  6  96  41 

The  sun's  right  ascension  (br  any  time  may  be  found  accurately  by  the  Nautical  Alma- 
mCj  by  takiiig  prmortional  parts  of  the  daily  difference,  as  will  be  explained  in  the  pre- 
cepts of  Table  XaXI.    But  in  cases  where  no  great  accuiacy  is  requlitd,  the  right  as- 
csension  may  be  obtained  within  2  or  3  minutes,  by  means  of  Table  VI. 
Tofind  the  deeHnatim  of  a  Star  at  any  time, 
'  EXAMPLE  L  EXAMPLE  n. 

Required  the  dcdinatioo  of  Aldebaran,  Janoaiy 


I^Hnailon  by  ibeTaMe  in  1850  lao  8'  N 

V«riaiioAla4yamS8"edi^aeariy  .  1 

IteelfaiatlSBhil894  16   8  N. 


Reqnirvd  the  decUnation  of  Aldebaran,  Jaaoahr 
I,  I8ib? 

DecUaadon  by  the  Table  in  1890  16"  V  N. 

Variation  in  10  y«ni«  I'SO"  sablniel  1 

De«linaUon  Jamwry  1,  1810  16   7  N 
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EXAMPLE  III. 
Bffliured  the  decUnaUoB  of  Splea,  May  SO,  1 826  f 


BeeUmtkm  bv  the  Table  io  1820 
Variation  iti  6  yean  4i  months 


too  19^8. 
3 


EXAMPLE  IV. 
Reqalied  the  declination  of  Siitai,  Kofcaiicr  €, 
17971 

DecUoatioii  by  the  Table  In  IMO  IGO  tt^  & 

Var.  In  32  yean  l  mpolh  34  day%  Hnb.  2 


10O  15'  S.  OecUnalion  MoTemberfi,  1797 


tsosrfi. 


Z»ecUnatlonMay30,l826 

The  rigbt  ascensions  and  decimations  obta,ined  by  the  preceding  calculations,  are  the 
moan  values,  to  which  must  be  applied  the  corrections  for  the  Nidation  and  Abemtion 
Tables  XLII.  XLIIl.  in  eases  where  great  accuracy  ia  required,  as  is  now  done  in  the 
Nautical  Almanac  for  24  of  the  brightest  stars  for  every  10  days  in  the  year,  and  thos^ 
numbers  in  the  Nautical  Almanac  are  to  be  preferred. 

To  find  when  a  star  mUbe  on  the  meridian. 

Rule.  Find  the  right  ascension  ^f  the  sun  and  star  in  the  preceding  tables  VL  and 
VIII ;  subtract  the  sun^s  right  ascension  from  the  star's,  having  preYiously  increased 
the  latter  by  24  hours  when  the  sun's  right  ascepsion  is  the  greatest ;  the  remainder  will 
be  the  time  of  the  star's  coming  to  the  meridian.  If  the  remainder  be  greater  than  IS 
hours,  the  star  will  come  to  the  meridian  aiter  midnight ;  but  if  less  than  Id  hours,  be- 
fore midnight. 

EXAMPLE  n. 
At  what  time  will  PoUnx  be  on  (he 
MMrch  31  T 


EX(aAPLE  I. 
Al  what  time  will  Aldebaraa  be  on  the  iiieri<nan, 
January  1  ?  .  h.  m. 

Aldebaran's  right  ascension  4  26jPo1lux*»  ri^ht  aicension 

Add 


9  41 


Sun's  rl^i  ascension 


Bun's  right  ascension 

Aidebaian  sooths  in  the  evening 

EXAMPLE  HI. 
At  what  time  will  the  star  Be^^us  be  on  the  me- 
ridian, Deeember  12  ?  h  m. 
Regulns'  right  ascension  9  69 


34 


S8  26  Oomes  tothe  meridhtn  in  the  evening 
18  45 


h-n. 
7S4 
St 


53  69 
17  17 


16  43 
12 


EXAMPLE  IV. 

Required  the  time  wlien  the  star 
un  ihe  incridUn,  June  1  9 

oniaihaut*s  righi 
Utia^  right  oscensfoa, 

\fieT  midnight 
aubtract 

(n  the  morning 


Soil's  right  ascensiop 

I 

After  midnight 

Subiraa 

In  the  morning  4  42 

To  find  what  star  toti)  come  upon  the  meridian  at  any  given  time. 

Rule.  Add  the  time  from  noon^  fo  the, right  ascension  of  the  sun,  the  sum  (ci^)ectins 
S4  hours  when  it  exceeds  24)  will  be  the  right  ascension  of  the  star  reqtiired  to  be  known ; 
with  which  enter  the  table  of  the  starts  right  ascension,  and  find  what  atai's  rig^t  as- 
cension agrees  with,  or  comes  the  nearest  to  it,  and  that  will  be  the  star  requiced,  if  the 
dec.i.i  'tion  of  the  star  agrees  with  the  table,  which  may  be  ascertaii^ed  by  obaertingtho 
meridian  altitude  of  the  star,  the  latitude, of  the  place  being  given. 

EXAMPLE  n. 

WbHt  jitar  will  be  upon  the  UMridiBQ  30  siiMles 
vst  r>ur  in  the  rooming,  Maj  !•  t 


EXAMPLE  I. 
What  star  wUI  be  on  the/neridian  about  lO  at 


night,  January  26  7 

Sun's  right  ascension  January  26 

Given  time  lO  hoars  P.  M. 


Subtract 

Nearly  answers  to  Sirios 


h.Bi. 
20  S! 
10 


80  3S 
S4 


v<<u>.  k  Tight  ascension  MAt  lO 
'mlniilei 


Uiv»^    tintH  16  hours  90  n 


6  SS 


EXAMPLE  IIL 

What  ster  »-Ul  be  on  the  meridian  at  6h.  63fn 

P. M.  April  If  h.  ID. 


Son's  rujhi 
Ciiven  time 


April  1 


6  63 


Ri;'hi .  •  f.iMOQ  of  mld.Jieaven 
ith^iirs  nearly  to  Alair  In  tbe  Eagle. 

EXAMPLE  IV. 

U  hat  ^lar  will  be  on  the  meridian, 
..h.  37ii..  P.  M  ? 


1SS7 


42  SiiitN  rii'ht  ascension  S^pt  1 


(jiven  lime 


7  36  Right  ascension  of  th«  meridian 
Answers  nearly  to  /   ' 


10  41 

16  It 


Rigtat  ascenslan  of  the  meridian 
jMwen  neariy  tu  Pollux. 

In  all  the  preceding  ex:*mpte8,  the  right  Hscension  of  the  sun  ought  to  have  been  cal- 
culated for  the  moment  uf  the  stHr's  passing  the  meridian,  as  mi\  be  more  Ihl^tz- 
plained  in  the  precepU  of  I  able  XXXI. 


called  i«h. 


must  be  rechoa^.  from  the  preeeding  noon,  so  ihat^4h.  A.  It  nail 
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TABLE  IX.  5MM-imni«(  md  Bmi^noctKmd  arcAe«.— TUs  table  exhibits  iftlf 
the  titoelliM  a  eelestial  ol^feet  conttnuet  above  the  horizon  when  the  latitude  and  de» 
cUnation  are  of  the  same  name,  or  below  when  (hey  are  of  a  contrary  name ;  the  for^ 
■ler  time  being  wdally  callM  the  eemi-dhimal  aith,  the  latter  the  semi-nocturnal  aivh ; 
whenee  the  time  of  lising  and  setting  may  be  computed,  by  the  fbHowing  rules. 

To  find  the  Hme  qf  the  tmfs  rising  aid  tetttng,  and  the  lengUi  of  the  dayandnigHt^ 

IlnxK.  Find  the  mmf»  deaUnation  ftt  the  top  of  the  page  and  the  latiCode  in  either 
side  cohimn,  under  the  formeri  and  opposite  the  latter,  will  be  tbt  time  of  the  sai% 
aattiar  If  the  Falitude  and  declUiation  are  of  the  same  name,  but  the  time  of  rising  if 
of  diflfereat  namea.— The  time  of  rising,  subtracted  from  12  hours,  will  gire  the  time  of 
setting;  Of  the  time  of  setting,  subtracted  from  12  hours,  will  rive  the  time  of  rising. — 
The  time  of  risii^,  being  doubled,  will  give  the  length  of  the  night ;  and  the  time  of  ttftl 
ting^  being  doobM,  wil  give  Oe  length  of  the  day. 

EXAMPLE  I. 

Lat  it  be  required  to  find  the  time  of  the  sun's  rising  and  setting,  with  the  IcngA  ^f 
the  day  and  night  in  latitude  51°  north,  the  19th  of  July,  18207 

The  sun's  declination  on  the  given  day  waa20^  51' north,  or  21^  nearly,  ander  which, 
and  against  ths  latitude  61^,  stand  7h.  53m.  the  time  of  the  sun's  setting  on  the  given 
day,  in  lat  Sl^  north,  which  doubled,  gives  15h.  46m.  the  length  of  the  day ;  and  by 
subtracting  7h.  53m.  from  l2h.  the  remainder  4.  7m.  is  the  time  of  tlie  sun's  rising, 
which  doubled  gives  8h.  14m.  the  length  of  the  night 

Bat,  when  the  sun  has  21^  south  dediaatiott  in  this  latitude,  the  time  of  sun  setting 
becomes  4h.  7m«  ^  time  of  rising  7h.  53m.  the  length  of  the  day  8h.  14m.  and  thp 
lengMi  of  the  night  15fa.  4diB.  as  was  the  case  nearly  on  the  26th  November,  1820. 

EXAMPLE.  II.  EXAMPLE  III. 

I«ek  lie  rtqalrwl  to  find  the  dme  oT  the  sua't     Requirad  Um  droe  of  the  wun*t  rklnf  smI  wtttar, 

rislog;  wmnir.  «nd  tbc  length  of  the  dajr  and  hlgbt,  and  leDgth  of  day  In  laUlode  SIP  SSr  &  May  lAI^ 


at  Bortopjtbe  ]3lh  of  July,  1830i 
Ubd«r  990,  which  If  nearly  thedeelinatton  on  that 


JkwtM,  ftaadf  the  dnw  of  the  son'f  I  h.  ro. 

•ettlnr  J  7  95 

Sobtracfed  flvm  l9b.  lenwtf  f  aa-risioff 
:  doubled  to  the  length  of  (tay 


8ta»«idiigdmibled  lithe  length  of  Bight  0  10 


Under  the  declination  ISO  55' orl90  v.  Y     ft.  m. 

day«  slid  against  490  33' or  4SP  M.  the  ktitudeol  and  against  the  lat.  S40B.  >      19   0 

-  '     ■    ■ .Stands  the iiin*e  I tolng  6  54 


ithesan^silslng 
4  Mlnaie  of  sun's  setting  ^  S 


9 

The  length  oT  the  day  lO  19 

And  6h.  Mm.  do«bled  Is  length  of  niglit  IS  4i 

When  a  great  degvee  of  accuracy  is  required,  proportional  parts  may  be  taken  for  th^ 
minuteh  of  httitiide  and  declination. 

To  find  the  time  Writing  md  tMng  of  ttors  whooe  dedinaiion  does  not  exeetd  HP  fS'. 

Enter  Table  IX.  and  find  the  star's  decUnation  at  the  top,  and  the  latitude  at  the 
side ;  under  the  former,  and  opposite  to  the  latter,  will  be  the  semi-diurnal  arch,  when 
tbe  latitude  and  declination  are  ootfa  north  orboUi  south ;  but  if  one  be  north  and  the 
other  south,  the  difference  between  the  Tabular  number  and  12  hours  will  be  the  semi- 
diurnal arch.  Find  the  time  of  the  star's  coming  to  the  meridian'  according  to  the  pre- 
cepts of  Table  Vip.  and  subtract  therefrom  the  semi-diurnal  arch,  the  difference  win  be 
tbe  time  of  rising  ;  or  by  adding  together  the  seiM-diumal  arch,  and  tbe  time  of  passing 
the  meridian,  the  thne  of  setting  will  be  obtained. 

EXAMPLE  IV.  EXAMPLE  V. 


Required  when  the  star  Arcturos  rises  and  set* 
1>eeeliberl,lahititede5l»N.?  h.m. 

The  time  of  the  star's  coming  to  the  meridi- 

aa,  or  sootUng  In  Ihe  morning,  is  nearly  9  38 
Then  under  staA  declination  SEP  nearly,  and 

againsl  MMnde  6l«  stand 

Thus  of  star's  risiog  in  the  morning 
Added,  gives  the  time  of  the  star's  setting 

Star  sets  26  minntes  after  5  in  the  evenfaig 


What  time  will  the  Dog-3tar  Birtos  rise  sad  si^ 

at  Pblladelpbla,  Feb.  It  b.  at. 

Under  the  declination,  which  is  nearly  16<>  8. 

and  agalASt  the  huhode,  M  ,^ 

which  is  nearly  40o  N.  stand  6  M 

dnbtmeted  from  I9h.  leaves  half  the  tinie  the 
star'is  above  the  borison  o    ^ 

The  stiur  comes  to  the  meridlAn  in  the  even- 
ing nearly  at  ^___I 

Som,  rejecting  19  imurs^  Is  the  time  of  secting    ^ 

io  the  morning  ^  ^ 

Diffitrenee  Is  th«  time  of  rising  In  tbc  evening    4  86 


In  liKe  manner  may  the  rising  and  setting  of  any  planet  be  found  when  the  decli^ 
nation  does  not  exceed  23^  38',  and  tbe  time  of  the  passage  o? er  the  meridian  b  kntrwnw' 
.  Suppose  it  was  required  to  find  the  time  of  Jupiter^s  rising  and  setting,  Maitlh  8, 1820, 
civil  account,  in  the  latitude  of  52<^  N  ? 

Oo 
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In  the  Nautical  Almanac  i{>r  1820»  I  Bnd  that  Jitpiter  passes  the  meridian  March  7d. 
23h.'10m.  or  March  8d.  llh.  lOm.  A.  M.  citil  account,  his  declination  being  10^  55'  S. 
or  nearly  ll^.  Under  the  declination  11°,  and  opposite  to  the  latitude  Sv^  stand  6h. 
58m.  which  is  half  the  time  Jupiter  is  below  the  horizon ;  this  subtracted  from  12h. 
leares  half  the  time  that  he  is  above  the  horizon,  5h.  2m. ;  thb  subtracted  from  1  lb. 
10m.  A.  M.  leaves  6h.  8m.  A.  M.  March  8,  for  the  time  of  Jupiter's  rising ;  and  added 
to  llh.  lOm.  gives  4h.  I2m.  P.  M.  March  S,  for  the  time  of  Jupiter's  settuig. 

Suppose  it  was  required  to  find  the  time  of  the  moon's  rising  and  setting,  May  5, 1820, 
civil  account,  in  the  latitude  of  52°  N  ? 

/  In  the  Nautical'Almanac,  page  VI.  1  find  that  the  moon  passes  the  meridian  May  4d. 
18h.  7m.  or  May  5d.  6h.  7m.  A.  M.  civil  account ;  her  declination  being  about  21^  S. 
Under  the  declination  21^,  and  opposite  to  the  latitude  S2P,  stand  7h.  58^  half  the  time 
the  nioon  is  below  the  horizon,  which  subtracted  from  12h.  leaves  half  the  time 
she  is  above  the  horizon,  4h.  2m. ;  this  Aibtracted  Ccom  6h.  7m.  leaves  2h.  5m.  A.  M. 
the  time  of  the  m6on's  rising,  and  added  to  6h.  7m.  gives  lOh.  9m.  A.  M.  the  time  of 
her  setting,  nearly. 

If  greater  accuracy  is  required,  you  must  find  the  time  at  Greenwich  corresponding 
to  this  approximate  time  of  her  rising  and  setting ;  then  find  the  moon's  decimation, 
and  the  right  ascensions  of  the  sun  and  moon  for  that  moment  of  time.  The  former 
subtracted  from  the  latter  leaves  the  corrected  time  of  the  moon^s  passing  the  meri- 
dian. With  these  data  repeat  the  operation.  In  this  way  we  may  obtain  the  time  of 
rising  and  setting  to  any  degree  of  accuracy.  Instead  of  taking  the  dilTerence  of  the 
right  asoension  of  the  sun  and  moon,  you  may  take  the  daily  difference  in  the  time  of 
her  coming  to  the  meridian  of  Greenwich,  and  take  a  proportional  part,  for  the  longi- 
tude of  the  place  of  observation  (by  means  of  table  XXyiII.)aiid  another  propoilional 
part,  for  Uie  interval  between  the  hour  of  passing  the  meridian,  and  the  time  of  rising  or 
setting.* 

It  may  be  noted,  that  the  numbers  of  Table  IX.  were  calculated  for  the  moment  the 
8un*s  centre  appears  in  the  true  horizon ;  allowance  ought  to  be  made  for  tUe  dip,  pa- 
rallax, and  refraction,  by  which  the  sun  and  stars,  when  near  the  horizon,  app^  in  ge- 
neral to  be  elevated  above  half  a  degree  above  their  true  place,  and  the  moon  as  much 
below  her  true  place. 

TABLE  X.  Far  finding  the  distance  of  any  terrestrial  object  at  sea, — ^The  explanation 
and  use  of  this  table  is  given  in  Problems  VIl.  and  VIII.  pages  190, 191. 

TABLE  XI.  TabU  qf  Proportional  ParU,— The  method  of  using  this  table  is  given 
lA  page  166. 

TABLE  XII.     TabU  of  i2«/rac<ion.— Explained  in  page  108. 

TABLE  XIII.     Dip  of  the  Hmz(m.>-£xplained  in  page  109. 

TABLE  XIV.     Sun's  Parallax  in  ai.'ifude.— Explained  in  page  107. 

TABLE  XV.  ,9ttgmentatUm  of  the  moon''s  *  semi-diameter, — The  moon's  semi-diame- 
ter given  in  the  Nautical  Almanac  is  the  same  as  would  be  seen  by  a  spectator  supposed 
to  be  placed  at  the  centre  of  the  earth,  or  nearly  the  same  as  would  be  seen  by  a  spec- 
tator on  the  surface  of  the  earth,  when  tiie  moon  is  in  the  horizon.  Now  when  the 
moon  IB  in  the  zenith  of  the  spectator  placed  at  the  surface,  her  distance  from  him  is 
less  than  when  at  the  horizon  by  a  semi-diameter  of  the  earth ;  consequently  her  appa- 
rent semi-diameter  must  be  augmented  in  proportion  as  the  distance  is  decreased,  that 
is  about  one  sixtieth  part,  or  16".  At  intermediate  altitudes,  between  the  horizon  and 
zenith,  the  augmentation  is  proportional  to  the  sine  of  the  altitude,  and  the  value  for 
every  5^  or  10*^  of  altitude  is  given  in  Table  XV.  The  augmentation  corresponding  to 
the  altitude  being  (bund  in  the  table,  must  be  added  to  the  semi-diameter  taken  from 
the  Nautical  Almanac  for  the  time  of  observation  reduced  to  Greenwich  time,  as  was 
explained  In  page  166. 

TABLE  XVI.  Dip  of  the  sea  at  different  distances  from  the  observer. — ^Explained  in 
page  109. 

TABLE  XVII.  For  findinfC  the  difference  between  the  refiraetion  of  a  star  and  exi  ; 
also  a  log.  correspondrng, 

TABLE  XVIII.  For  finding  the  difference  between  the  correction  <(f  the  Mm*s  altUade 
for  parallax  and  refraction  and  (t(y,  also  a  logarithm  eorrespcndmg  tAerHo.— The  manner 
of  taking  the  numbers  from  the  two  preceding  tables  is  explained  in  page  l67,  and  the 
uses  to  which  these  tables  may  be  applied  are  explained  in  pages  167  and  174. 

TABLE  XIX.  For  finding  a  correction  and  logarithm  us^d  tn  the  first  method  of  warh- 
inga  bmar  ofrservoHon.— The  correction  found  in  this  table  being  subtracted  from  59' 
Av'  will  leave  a  remainder  equal  to  the  correction  of  the  moon's  altitude  for  parallax 


*,A  I"  '^^"M'l  ^  !•*<  correctioD,  found  by  the  table,  ousrht  to  be  decreased  to  tbe  ratio  of  2tb.  t« 
2W> VfcreucQ  by  tbe  dsUy^dlffprencc  of  the  time  of  the  moon's  paKixig  Uie  meridmo.  j 

uiyiuzt^u  uy  ■v^"  v_/ vJSi  Iv^ 
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tind  refraetion.  It  will  be  unnecessary  here  to  point  out  the  method  of  taking  out  this 
correction,  as  it  is  fully  explained  in  the  first  pages  of  the  table.  It  may  not,  howerer, 
be  amiss  to  observe,  that  after  eonstructing  the  logarithms  of  this  table,  it  was  conclu- 
ded to  subtract  therefrom  the  greatest  correction  of  the  Table  C  corresponding,  in  order 
to  render  those  corrections  additive.  Thus  the  logarithm  correspondinK  to  the  alt  3(F 
and  hor.  par.  54',  was  found  at  first  to  be  2372 ;  and  for  the  hor.  par.  5^  lO''  the  correc- 
tion was  2358  so  that  if  these  numbers  had  been  published,  the  correction  for  seconds  of 
parallaz  would  hare  been  subtractive ;  but  as  this  would  have  been  inconvenient,  it  was 
thought  expedient  to  subtract  from  each  of  the  njimbers  thus  calculated,  the  greatest  cor- 
responding correction  of  Table  C,  which  in  the  preceding  example  is  12 ;  by  this  means 
the  above  numbers  were  reduced  to  2360  and  2346  respectively,  and  the  corrections  of 
Table  C  were  rendered  additive.  In  a  similai' manner  the  rest  of  the  logarithms  of  the 
taUe  were  calculated.  It  is  owing  to  this  circumstance  that  the  corrections  in  Table  C 
forO"  of  parallax  are  greater  than  for  any  other  number.  Similar  methods  were  used 
in  calculating  the  other  numbers  of  this  tableland  in  arranging  the  Tables  A  and  B. 

TABLE  XX.  TMrd  ccrrecUon  of  the  apparent  distance— -tht  method  of  finding  the 
correction  from  this  table  is  exphiined  in  pages  168,  174, 176. 

TABLE  XXI.  To  reduce  longitude  into  fiine,  and  the  eontranf. — In  the  first  column 
of  this  table  are  contained  degrees  and  minutes  of  longitude,  in  the  second  the  corres- 
ponding hours  and  minutes,  or  minutes  and  seconds  of  time ;  the  other  columns  are 
a  continuation  of  the  first  and  second  respectively.  The  use  of  this  table  wiU  evidently 
appear  by  a  few  examples. 

EXAAPLE  I. 
Rsqtdrcd  (he  time  correcponding  to  fiOO  31'  ? 
b.  m. », 
Opposite  5<Pio  col.  I  to  S  »  0 

Bougbl  time  8  22  4  6    S3    20  M  SO 

TABLE  XXII.  Proportional  Logarithms, — These  logarithms  are  very  useftil  in  find- 
ing the  apparent  time  at  Grreenwich  corresponding  to  the  true  dutance  of  the  moon  from 
the  son  or  star,  as  is  explained  in  page  168.  They  maybe  also  used  like  common  loga- 
rithms, in  working  any  proportion  where  the  terms  are  given  in  degrees,  minutes,  and 
seconds  j  or  in  houn,  minutes,  and  seconds,  as  in  the  examples  page  177.  The  table 
b  extended  only  to  3^  or  3h.  and  if  any  of  the  terms  of  a  given  proportion  exceed  3^ 
or  3h.  you  may  take  all  the  terms  .one  grade  lower ;  that  is,  reckon  degrees  as  minutes, 
minutes  as  seconds,  &c  and  woric  the  proportion  as  before  ;  observing  to  write  down 
the  answer  one  grade  higher ;  that  is,  you  must  estimate  minutes  as  degrees,  seconds  as 
minutes,  &c.  Instead  of  taking  all  the  terms  one  grade  lower,  you  may  change  two  of 
the  terms  only,  viz.  one  of  the  middle  ^rms  and  one  of  the  extreme  terms ;  thus  the 
1st.  and  3d.  or  the  1st.  and  2d.  may  be  taken  one  grade  less,  and  the  fourth  term  will  be 
given  correctly ;  but  if  the  fourth  term  be  taken  one  grade  less,  you  must,  after  working 
the  proportion,  write  it  one  grade  higher,  as  is  evident.  To  illustrate  this  we  shall  give 
the  following  examples. 


EXAMPLE  II. 
Required  the  decrees  aod  minutes  eorrespondiog 
to6b.S8m.2Qbf 

OppMite  6h.  S2m.  Os.  In  coL  4  Is  98*  O* 

1     20  in  col.  2  is  20 


EXAMPLE  L 
'  ir  in  15'  10"  of  time  tbe  sun  rices  20  40"  bow 
i  wili  it  rise  hi  S'  lO"  at  the  same  rate? 


As       16'   10" 

Prop  Lofi-. 

ar.  CO. 

S.9266 

Is  to      2*40' 

Prop.  Lor. 

-     .0512 

S«  is    3'   10" 

rrop-Log. 

1.7547 

If  the  sun's  declinaUon  chances  16'  19" 
hoars,  bow  rouclr  will  It  change  in  8b 


To       S3'  24" 


Prop.  Log. 


EXAMPLE  n. 

■"  in  24 
8b.2m.1 
Here  (he  1st  and  Sd  terns  most  be  taken  one 
erade  less. 
As       24'    0"       P.L.  ar.co.  8.1249 

U  to    16'  19"        P.  L.  l^g^ 

.7315'Sois      8'    2"        P.L.  l^Wi 


To 


y  28" 


P.L. 


1.5179 


EXAMPLE  m. 
If  ia  iSb.  the  moon's  tongitode  varies  1*»  l'  what 
wili  it  varyin  4h.  SOm.  ? 

Here  all  the  leros  must  be  taken  one  grade 
less. 

ar.  CO. 


As       12"    0" 

P.L. 

Is  to      7     1 

P.L. 

Bols     4   20 

F.L. 

EXAMPLE  IV. 
If  in  16'  the  sun  rises  S«87'  hew  unch  wiU  it 
rise  in  S"  10"  1 
Here  tlie  2d  and  4th  terns  must  be  taken  t»e 

Aa       16'    0"       ar.co.  P-L. 

1.4091  Is  to      3    27  P.  L. 

1.6185  So  is     3   10         P.L. 


To        2*  92" 2"' P.L.  18516 

Wbieh  taken  one  grade  higher  is  2*  32'  2"  the 

answer  required. 


8.9488 
1.7175 
1.7547 


To 


0*  41"        P.L. 


2.4210 


Which  token  one  grmle  higher  Is  41',  the  anwrcr 
required. 


tables'  XXm.    For  fin^^g  '^  ^"^^  ^  ^^^  aUUude$  of  the  jun.— The  manner 
of  using  this  tabic  is  explained  in  page  1 39,  et  seq. 
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TABLE  XXIV.  Js^atural  StMs.—Tha  table  contains  tbe  natural  sine  and  Co-stne  for 
eveiy  minute  of  the  quadrant  to  the  radios  100000,  and  is  to  he  aoieted  at  the  tojp  or 
bottom  with  the  degrees,  and  at  the  side  marked  M.  with  the  mioKles,  the  eonespondinf; 
numhers  will  be  the  natural  sine  and  co*sine  respectively,  observing  tibat  if  the  degrees 
are  found  at  the  top,  the  name  sine,  co-sine,  and  M.  must  also  be  found  at  the  top,  and 
the  contrary  if  the  degrees  are  found  at  the  bottom.  Thus  433<i6  is  the  natural  sine  of 
25«  42^  or  the  co-sine  of  64^  IS'. 

TABLE  XXY.  Logttritkmic  tkies,  tangmUy  and  teemU  to  every  psinl  end  fvarfer 
Mtet  ^  ike  eompasi. — ^This  table  is  to  be  used  instead  of  taUe  XXVII.  when  tbe  covrse 
IB  given  in  points.  The  course  is  to  be  found  in  the  side  column,  and  opposite  thereto 
will  be  the  lo|^.  aine,  tangent,  &c.  The  names  being  found  at  the  top  when  the  cooneie 
less  than  4  points,  otherwise  at  the  bottom. 

TABLE  XXVI.  Litgaritlms  of  Atimier«.— The  explanation  and  uies  of  this  table 
are  given  in  page  28,  et  seq. 

TABLE  XXVII.  Logarithmie  Sistes,  TangenU,  and  Seeonto .— This  table  is  explained 
in  page  33,  etscq. 

TABLE  XXVIII.  Ibr  reducing  the  time  of  ike  MoenU  paetage  over  the  merUbm  of 
Oreenmeh,  to  the  Hme  of  her  paesage  over  any  other  mmdion.— -The  manner  of  doing 
thia  ia  explauied  in  page  124. 

TABLE  XXIX.  Correction  o/"  the  MoonU  aifUudefor  panOax  and  refiraeHon.— The 
mean  correction  of  the  Moon^s  aJtitude  is  {pven  in  this  taUefor  every  donee  of  altitude 
from  10^  to  90^.    The  manner  of  using  this  table  is  explained  in  page  196. 

TABLE  XXX.  For  reducing  the  Moon*a  decUnaHon  given  in  the  Jfauiical  Jbnanae 
for  noon  and  nddnifht  at  Greenvfich,  to  any  other  tkne  under  any  other  meridian, — ^The 
manner,  of  using  this  table  is  explained  in  page  135.  In  addition  to  which  it  may  be  ob- 
served that  I2h.  are  marked  both  at  the  bottom  of  the  left  hand  column  and  at  Ae  top  of 
the  right  hand  column ;  but  this  can  cause  no  embarrassment,  because  when  the  time  at 
Greenwich  is  l2h.  the  declination  must  be  taken  from  the  Nautical  Ahnanac  for  mid- 
laAt,  without  any  correction. 

TABLE  XXXI.  For  reducing  the  Sun*s  right  aeeension  in  time,  at  given  fn  the  Mu- 
UjmeI  JBimoMC  for  noon  at  Greentoich,  to  any  oUter  time  under  any  other  meri^Uan, — ^lliis 
table  is  useful  in  finding  the  Sun's  ri^t  ascension  at  any  time,  by  means  of  the  right  es- 
eension  given  in  the  second  page  of  the  Nautical  Almanac  tor  noon  at  Greenwidu  This 
table  must  be  entered  at  the  top  with  a  daily  variation  of  tbe  sun's  right  ascension,  and 
in  the  left  hand  column  with  the  given  time  from  noon,  or  in  the  right  hand  coiumn 
with  the  longitude  of  the  place ;  under  the  formeri  and  opposite  the  latter,  will  stand  a 
eorrection  in  minutes  and  eeconds,  to  be  applied  to  the  sun's  right  ascension  at  noon  at 
Greenwich.  The  correction  found  with  the  time  from  noon,  is  to  be  added  in  the  after- 
noon, but  subtracted  in  the  forenoon  ;  and  the  correction  found  with  the  longitude  of 
the  place,  is  to  be  .added  in  west,  but  subtracted  in  east  longitude. 

Instead  of  finding  the  correction  separately  for  the  longitude  of  the  place  and  the  time 
(inom  noon,  ^ou  may  find  the  whole  correction  at  one  entry,  in  the  following  manner : 
Turn  the  ship's  longitude  into  time  (by  Tab.  XXI.)  and  add  it  to  the  given  time  when 
in  west  longitude,  but  sublet  the  longitude  when  east ;  the  sum  or  diflerence  will  be 
the  time  at  Greenwich ;  find  this  time  in  the  side  column*  and  the  daily  variation  at  the 
top,  corresponding  to  which  will  be  tbe  sought  correction ;  which  is  to  be  added  to  the 
iUB's  right  ascension  for  the  preceding  noon  at  Greenwich. 

EXAMPLE  II. 
lired  the  lan'i  right  aKension  at  noon,  Jom 
24, 18^  Ma  account,  in  the  longllttde  of  190O  E. 
from  Greenwich  f 

June  34,  sea  account  is  June  29,  bj  N.  A.  en  wUeb 
day  at  noon  the  ran^  rig bt  aic  was     fib.  em.  is. 
Gorr.  Tab.  XXXI.  for  l»P  loop,  and 
daily  variation,  4m.  0"-4  nh.  I     SS 


EXAMPLE  L 


ttcqulrad  the  nmH  right  ascension  at  noon,  May 
M,  t8S0,iea  acmuot,  In  the  longftude  of  450  W. 
fima  Greenwich  1 
Hay  S4,  seaaccannt  Is  May  23.  Iiy  N.  A.    The  sun*i( 

right  ascension  by  N.  A.  at  Oreenw.    4h.  Om.  Xs. 
Corr.  Tab.  XXXL  (br  45*  long,  and 

dally  var.  4m.  2sec.    add 

iighi 


4    0     55 


Right  Aieea.  rsqnlred 


6   6    M 


EXAMPLE  m. 


RMpdred  tbe  sun^k  right  aseension,  May  24, 182a 
it  4h.  P.  M.  aaa  account,  in  lonfT.  of  450  W  ? 
B.  A.  at  nosn  In  long.  4fiO  W.  1^  Ex. I.  4h. Oin.63s. 
Oorr.  in  Tab.  XXXT.  for  4h. 

P.M.  add  40 

E.A.Msy9<,lt20,>t4h.P.|I.  4    1     95 


EXAMPLE  tV. 
Required  the  son's  right  ascension,  Jane  24, 1120^ 
at  9h.  A.  M.  sea  accoottt,  in  long,  of  1 20*  E  f 
K.  A. at  noon  in  long.  1200  E.  by  Ex.  11.  6h.  fim.SSs. 
Corr.  in  Tab.  XXXI.  for  l2  honn  2      S 

Or  all 


B  hours 
R.  A.  June  24,  iSOe,  at  9h.  A.  U. 


1     » 


6   10     17 


•  If  theameat  Oreenwleh  he  more  than  I2h.  yon  mast  first  take  out  the  eerreetlsn  for  tSkandtken 
w,tae  rest  of  the  ihne;  file  wm  of  Uiese  two  wfll  be  the  cirrectien. 
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Tbe  third  and  fourth  eiunples  maybe  worked  bj  a  single  entry  oC  Table  XX XT. 
ail  follovrs. 


EXAMPLE  m. 


Gif«n  Unie  by  N.  JL  May 
LoDff.  4fiPiiitlmeadd 


d.  b.  m. 
2S4    0 
S    0 


Tine  at  Greenwich 


8m^B.A.M«jn 
Corr.Tab.  XXXLforTh. 


237    b 

h.  ok-s. 
tSiatmxmbyK.A.  4    0 


Given  time  by  N.  A.  June 
Long.  120O  in  ^me 

TimeatOreefiwicb 


Son**  R. A.  at  4h.  P.M. 
JKfferiag  li.  from  the  fomier  method. 


1  36 


EXAMPLE  IV. 


25  Sun' 


'•  H.  A.  June  28,  at  noon 
C«iT.  TaK  XXXlTTor  12h. 
for   Ih. 

Snn'f  R.  A*  2lb.  Om. 


d.  h.  m. 
2S'2l    0 
8    t 

23    IS    0 

h.  m.  a. 
6    t    I 

t   5 
10 


6  10  16 


If  you  wish  to  find  accurately  the  time  that  any  star  comes  to  the  meridian,  or  the 
time  of  rifling  or  setting,  yo«  must  take  the  sun*s  right  ascenbion  for  noon  at  Green- 
wicfay  fttim  Uie  Nautical  Almanac ;  then  the  star's  right  ascension  from  Table  Till,  and 

"or  comine  to  the  meridian,  by 


,  find  the  approximate  time  of  rising,  setting,  or  com..      _   „ 
the  method  already  given  in  the  precepts  for  using  Tables  Till,  and  IX.    Then  calculate 
the  sun*s  right  ascension  for  this  approximate  time,  and  repeat  the  operation  till  the  as- 
sumed and  calculated  times  agree,  and  you  will  hare  the  true  time  required. 
To  explain  this  method,  I  shall  glre  the  following  examples. 

To  Jbid  ihe  Hme  when  a  tiar  €4niu»  to  the  meridUn. 

EXAMPLE  n. 
At  what  time  wiu  Pollux  on  the  meridian  of  a 


EXAMPLE  L 
At  what  time  wai  Aldebaraa  nn  tbe  meridian  of 


aplaoe in  the  longtladcof  TV>  W  W.  Jan. 

•caaocoonc? 

Jan.  3.  sea  aeconnt,  b  Jan.  1,  N.  A.  on 

wfaWh  danr  tlie  nm'i  g.  A.  at  noon  at 

Greenwich  was 
AldebaiWe  B.  A.  4h.  35ro.  96i. 

Add  24 


r  of  TO*  46*  W.  March  91, 


2,  1820,  place  in  the  lonritode  < 

I880,ieaaecoantr 

March  81,  lea  acconm,  it  March  SO,  V.  A. 
fa.  m.  •.  on  wUch  day,  at  ooon,  the  ran^  riffbt 
It  43  48     • 


Diffrrenee  is  the  approximate  time 

ua  Mn'f  R.  A.  for  this  time  in 


Mow 
Lthetong^or 


W  W.  from 


h.  m. 
18  46  27 

28  25  36 


139    fl 


Thifl,  rabtrodcd  from  R.  A*  of  Polhtz 


28  25  96  Approximate  time  of  louthlne 
'  Oorrpoiion  of  the  mo's  R.  A.  nrom  TaUe 

9  41  48     XXXL  for  thU  time  i» 

And  for  the  long.  70o  46'  W.  of  Greenw. 


h.  nh.  f 
0  36  41 
7  34  17 

658  86 

t    4 

43 


Tbe  snm  of  thaia  two  corrections  ia  i  47 

which  subtracted  fram  the  approximate  time  of 
southing  6h.  58m.  36fl.  leaves  tiie  true  time  6h. 
66m.  48a. 


Greanwicfa,  I  find  H  was 
AUebwui*sR.  A.  -f  24h. 

Tree  tfine  of  eoming  to  the  merldlanr 

The  method  (used  in  the  last  example)  of  applying  the  corrections  to  the  approximate 
Una,  Instead  of-  applying  them  to  the  right  aacension  of  the  sun,  will  be  found  the  most 
cxpedidoas ;  but  it  mast  be  noted,  that  ^e  correctSons  to  bb  applied  to  the  approximate 
time  must  have  a  contrary  sign  to  what  they  would  haye  when  applied  to  the  right  as- 
cension. 

To  find  the  Hme  of  rising  or  setting  of  e  star. 

RuLB.  Enter  Table  IX.  with  the  declination  of  the  star  at  the  top,  and  the  latitude 
of  the  place  at  tbe  side ;  the  corresponding  number  will  be  the  time  of  the  star's  con- 
tinuance abore  the  horizon,  when  the  latitude  and  declination  are  of  the  same  name ;' 
but  if  they  are  of  difierent  names,  the  tabular  number  subtracted  from  ISh.  will  be  the 
time  of  continuance  above  the  horizon.  Add  this  time  to  the  star's  right  ascension,  if 
you  wish  to  find  the  time  of  setting ;  but  subtract  the  former  from  the  latter  if  you  wish 
the  time  of  rising.  From  this  sum  or  difierence  subtract  the  sun's  right  ascension'*'  tor- 
reeled  for  the  longitude  of  the  place ;  the  remainder  will  be  the  approximate  time 
sought t  Enter  Table  XXXl.  with  the  distance  of  this  approximate  time  from  noon, 
and  the  daily  irariation  of  the  sun's  r^t  ascension :  the  correction  corremonding  is  to 
be  added  to  tbe  approximate  time  in  the  forenoon,  but  subtracted  in  the  allcmoon,  and 
you  win  have  the  corrected  time  of  rising  and  setting. 

*  Increasing  the  namber  tnm  wlUch  the  subtraction  is  to  be  OMde,  by  34  hours,  when  necessary, 
t  ReJ«eUng  24  hours  when  it  exceeds  24  hours.    If  tiie  time  of  rfaOng  or  setting  b^more  than  tSh. 
it  wilt  be  after  midnight ;  but  if  less  than  1 2b.  it  will  be  before  midnieht. 
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EXAMPLE  T.  I  EXAMPLE  II. 

At  what  time  did  th«  itar  AMebaran  set,  May  24,     At  wliat  time  did  the  Dog-Star  Sirins  rise  in  tlie 

•  "       •  iatiiade  390  ay  N.  and  the  longitude  of  760  50'  W. 

Jan.  2, 1810, 8ta  account? 

The  star's 'dedioatian  is  160  28'  8.  and  the  latitude 
is  890  26^  M.  corresponding  to  which  in  Table  IX. 
is  nearly  6b.  d6m. 

Which  subtracted  from  12     0 

Leaves  the  time  of  the  star's  being  above 

thehorixon  *       5      4 

Subtract  from  stales  R.  A.  6    87 

Remainder 
Add 


1 820,  sea  aceount,  in  the  latitude  of  380  53'  N.  and 

the  longitude  of  770  W  ? 

The  star's  declination  was  IQ^  V  N.  and  the  lati- 
tude 380  58'  M.  corresponding  to  which  in  Table 
IX IB  '      6b.  Mm. 

Star's  right  asoenskm  4    26 

8am  11    20 

Hay  24,  sea  ace  or  Hay  23  by  N.  A. 

•t  noon  sun's  R.  A       4h.  Cm. 
Com  for  long.  770  w.  l 

Sum  subtract  4.     1 

Remains  approximate  time  of  setting  7    1 9 

Oorr.  In  Tab.  XXXI.  for  7h.  19m.  sub.  1 

Corrected  time  of  setting,  P.  H.  t   18 


Jan.  2,  sea  acc>  or  Jan.  lybyN.  A.  at^ 
noon  sua's  R.  A.  I8h.  44m.   ', 

Corr.forleug.76''fiO'W.  1 

^  Subtract  the  sum  18  .  45 

iRemainsapproxim.  time  of  rising  6    4t 

Gorr.  in  Tab.  XXXI,  for  6h.  48m.  sub.  1 

loorr.  time  of  rising  In  the  afteraoon  6    47 

TABLE  XXXII.     VarlaUon  of  the  nm'tf  altitude  in  'one  minute  from  noon, 
TABLE  XXXIIL     To  reduce  the  numbers  of  Table  XXXIl  to  other  gwen  intervaU  of 

time  from  noon. 

The  methtxl  of  using  the  two  preceding  tables  is  explained  in  page  150  and  151. 

TABLE  XXXIV.  Errors  arising  from  a  deviation  qf  V  in  the  surfaces  of  the  central 
vwrror, — ^This  table  shows  the  error  arising  in  measuring  an  angle  by  an  instrument 
of  reflection  from  a  deviation  of  I'  in  the  parallelism  of  the  surfaces  of  the  central  mir- 
ror, the  tine  of  intersection  of  those  surfaces  (produced  if  necessai^)  being  perpendicu- 
lar to  tiie  plane  of  the  instrument.  If  the  line  of  intersection  be  inclined  to  that  plane, 
the  numbers  in  the  table  must,  in  general,  be  decreased  in  proportion  to  the  sine  of 
the  angle  of  inclination. 

The  second,  third,  and  fourth  columna  of  the  table  are  calculated  upon  the  supposition 
that  the  surfaee  of  the  horizon  mirror  is  inclined  80*^  to  the  axis  of  the  telescope,  or 
that  the  angle  intercepted  between  the  ray  incident  on  the  horizon  glass  and  the  corres- 
ponding reflected  ray  passing  through  the  telescope  is  20°,  which  is  the  case  in  circular 
instnnnents  of  De  Borda*s  construction,  and  on  this  supposition  the  errors  of  an  in- 
strument in  measuring  diflerent  angles  may  be  ascertained  by  the  rules  in  pages  98  and 
106 ;  when  the  intercepted  angle  is  greater  or  less  than  20°,  which  is  Ihe  case  io  most 
sextants  and  quadrants,  the  error  in  any  measured  angle  corresponding  to  an  inclination 
of  the  surfaces  of  1',  may  be  obtained  as  follows.  ^ 

Fiftd  in  the  first  column  the  intercepted  angle,  and  the  sum  of  that  angle  and  the  ob- 
senred  distance ;  take  the  corresponding  corrections  from  column  5th,  and  their  differ- 
ence wUI  be  the  sought  correction. 

In  a  circular  instrument  you  must  find  in  the  side  column  the  sum  and  the  difii^nce 
of  the  intercepted  angle  and  obserred  angle,  and  take  out  the  corresponding  corrections 
from  column  5th,  half  their  difference  will  be  the  sought  correction.  Having  thus  found 
the  correction  corrosponding  to  1',  you  may  find  the  correction  for  other  angles  as  in 
pages  98  and  106. 

TABLE  XXXV.  Correction  for  a  deviatien  of  the  telescope  of  an  instrument  of  re- 
flection from  the  paralldism  to  the  plane  of  the  instrument, — The  uses  of  this  table  are 
explained  in  pages  97  and  105. 

TABLE  XXXVI.  Correction  of  the  mean  refraction  for  various  heights  of  the  barome- 
ter and  thermometer. — The  use  of  this  table  is  explained  in  page  108. 

TABLE  XXXVII.  LaiUudes  and  Longitudes  of  the  fixed  Stars,-— Thn  table  contains 
the  Latitudes  and  Longitudes  of  the  principal  fixed  stars,  adapted  to  the  beginning  of 
the  year.  1820,  with  the  annual  variations  for  precession  and  the  secular  equation,  by 
which  the  mean  values  at  any  time  may  t)€  obtained,  in  like  manner  as  the  Right  Ascen- 
sions  and  declinations  are  from  Table  VIII. ;  by  adding  the  correction  of  longitude  after 
1820,  subtracting  before  1820,  and  applying  the  correction  of  latitude  with  the  same  sign 
as  in  the  tablfe  after  1820,  but  with  a  contrary  sign  before  1820. 
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EXAMPLE  I.    Reqoii^d  the  LoDgttude  and  Latitude  of  a  Fegau,  July  16, 1819  ? 

Latitude  br  Table  XXXVH.  190  2#  44"  X. 

Variation  1  year  6}ai.  sub.  0 


Lone.  I 
Varnti 


by  Table  XXXVII.  lis.  20©  58'  44" 

tioB  I  year  6|m.  sub.  1'  IS" 


long.  July  18, 1818  11    SO  67  SI  19   24   44    N. 

.EXAMPLE  II.    Required  the  Longitude  and  Latitude  of  a  Pesasi,  July  1,  1822?     . 

long,  by  Table  XSUCVU.  lis.  SQO  58'  M"  latitude  by  Table  XXXVII.  190  S4'  44"  N. 

Variation  3}  yeaxs,  add  2     6    VarUdon  2^  years,  add  0 


;.  by  Table  XXXVU.  lis.  20©  58'  W 

ation  2}  years,  add  2     5 

Lonff.July  1,1822  11    21     0   49 


Utitade  July  1, 1822  19  24  44    N 

The  latitudes  and  longitudes,  thus  obtained,  are  the  mean  Talue«.  When  great  aecu- 
racy  I0  required,  the  corrections  for  the  equation  of  the  equinoxes,  Table  XL.  'and  aber- 
ration, Table  XLI.  must  be  iqiplied. 

TABLE  XXXVIII.  Re^buction  of  laHtude  and  horiaiontal  parallax,— This  table  con- 
tains the  corrections  to  be  subtracted  fVom  the  latitude  of  the  place  of  obserration,  and 
from  the  horizontal  parallax  of  the  Moon,  given  in  the  Nautical  Almanac,  in  calculating 
eclipses  of  the  Sun  or  occultations.  Thus,  if  the  latitude  of  the  place  was  40^*  and  the 
Moon's  horizontal  parallax  57',  the  correction  of  latitude  would  be  nearly — 11'  IS", 
and  that  of  parallax— 4''.7,  so  that  the  reduced  latitude  would  be  39^  48^42'',  and  the 
reduced  parallax  56'  55".3.  These  values  are  to  be  used  in  occultations,  but  in  eclipes 
of  the  Sun,  thb  parallax  is  to  be  further  decreased  by  S^.S  for  the  Sun's  parallax.  When 
the  latitude  is  not  given  exactly  in  the  table,  the  two  nearest  numbers  must  be  found,  and 
a  proportional  part  of  their  difference  is  to  be  applied  to  one  of  the  nuuberS)  as  usual. 
In  calculating  this  table,  the  ellipticity  of  the  earth  was  supposed  equal  to  ■^^^,  as  in 
the  third  edition  of  La  Lande's  Astronomy,  and  in  Vince's  Astronomy.  This  value 
differs  but  little  from  ^^t..  and  tJ^?*..*  deduced  by  La  Place  from  two  lunar  equa- 
tions in  the  third  volume  of  his  immortal  work,  La  Jliecanique  Cdeste,  In  the  second 
volume  of  the  same  work  he  calculated  the  ellipticity  to  be  ^1^  from  the  lengths  of  pen- 
dulums observed  in  different  latitudes,  this  calculation  corrected  fbr  a  smalf  mistake  in 
the  numerical  coefficient  of  y  in  the  tenth  of  his  equations  A''  becomes  -1*.  which  does 
not  differ  very  much  from  the  value  assumed  in  this  table. 

TABLE  XXXIX.  MerraHm  of  the  PlanetSi^Thia  table  contains  the  aberration  of 
the  planets,  to  be  apolied  to  the  inu  longitude  or  latitude,  with  the  same  rign  as  in  the 
table.  The  argument.at  the  side  is  the  elongation  of  the  planet  trorn  the  Sun ;  that  is, 
the  difference  of  their  geocentric  longitudes,  or  its  supplement  to  360^.  Thus,  on  July 
19,  tS20,  the  longitude  of  the  Sun  was  38.  26^  38',  the  Geo.  long,  of  Venus  4s.  IS^'  23', 
their  difference  16^  45'  is  the  elongation  or  distance  from  the  inferior  conjunction,  cor- 
responding to  which  is  the  aberration  -|-  3"  to  be  applied  to  the  true  longitude  given  by 
the  tables  to  obtain  the  apparent  longitude.  The  aberration  of  Mercury  is  given  at  its 
ipreatest,  least,  and  mean  distances  from  the  Sun.  At  the  intermediate  places,  a  propor- 
tional part  of  the  differences  of  the  nearest  tabuhir  numbers  must  be  applied. 

TABLES  XL.  &  XLK  Equation  oj  the  Eipdnoxes  and  Jiberration  tfi  Lon^Uude.— 
TaUe  XL.  contains  the  equation  of  the  equinoxes  in  longitude  common  to  all  the 
heavenly  bodies.  The  argument  is  the  longitude  of  the  Moon's  ascending  node,  given 
in  page  III.  of  the  Nautical  Almanac,  the  3igns  of  longitude  being  found  at  the  top  or  bot- 
tom, and  the  degrees  at  the  side,  the  corresponding  number  with  its  sign  is  the  equation 
of  the  equinoxes  in  longitude. 

Table  XLI.  contains  the  aberration  of  the  stars  in  longitude  and  latitude,  to  be  calcu- 
lated by  the  rules  at  the  bottom  of  the  tables.  The  signs  of  the  argument  beins  found 
at  the  top,  and  the  degrees  at  the  side,***  taking  proportional  parts  fbr  minutes.  The  cor- 
rections of  longitude  found  in  these  tables,  are  to  be  applied,  with  their  signs,  to  the 
mean  longitude  found  in  Table  XXXVII.  and  the. correction  of  latitude,  Table  XLI.  is  to 
be  applied  to  the  mean  latitude  deduced  from  Table  XXXVII.  Thus  on  July  16, 1820, 
by  the  examples  at  the  bottom  of  Tables  XL.  XLI.  the  equation  of  the  equinoxes  wa3 
-f- 1".2  and  the  aberration  in  longitude  +  11".  5,  these  corrections  being  applied  to  the 
mean  longitude  of  the  star  deduced  from,  table  XXXVII.  1  Is.  20°  59'  11"  gives  its  ap^ 
parent  longitude  Us.  20^  59'  24".  In  a  similar  manner  the  aberration  in  latitude 
^  5".6,  found  at  the  bottom  of  Table  XLI.  applied  to  the  mean  latitude  19^  24'  44"  N. 
deduced  from  Table  XXX  VIL  gives  the  apparent  latitude  of  the  star  19^  24'  38"  N. 

*  The  degrees  in  this  and  the  following  tables  are  to  be  found  in  the  oolamn  narked  D  on  the  same 
horixoDtal  UiDe  with  the  sirns.  Thos,  If  the  signs  ar«  at  the  top  of  the  teble,  the  degrees  must  be  feaod 
on  the  left  column,  otherwise  in  the  right. 
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T ARLES  XUK  XLUI.  Ahtrrai^M^  mut  Mdation  tn  Sight  JUcenaioiL  oni  BadiiMtfiii. 
Table  XLih  contains  the  aberratioik,  and  Table  XLUI.  the  Natation  iaBi|^t  ATWiwoifc 
and  Declination,  to  be  found  by  the  ndea  at  the  bottom  of  the  tables,  and  ipplied  with 
their  signs  to  the  mean  Taiues  deduced  from  Table  YIII.  Thus  by  TaUe  VIII.  the 
Ri£ht  Ascension  of  «  Pegasi,  July  16.  1880,  was  22h.  55'  49".6,  and  its  dedtnation 
140  i^f  i(y/  ff.  The  aberration  of  Right  Ascension  in  time  was  nearly  +  0^^,  ia  dedi- 
*  nation  —  0".  7.  The  Nutation  in  Right  Ascension  in  time — 0''.  1 ,  in  declination  —  ^.2^ 
as  ajppean  by  the  examples  at  the  bottom  of  the  tables.  These  correctiona  being  a^pplifitf 
to  the  mean  valuels,  giTe  the  apparent  Right  Ascension  2Sh.  55'  50".3,  and  the  apparent 
declination  14^  14'  f'  N.  The  equation  of  the  obliquity  of  the  ecliptic  may  beeafenlap 
ted  br  the  rule  at  the  bottom  of  the  table.  Thus,  on  July  16, 1820,  the  equation  was 
-f-  9^  .5,  which  applied  to  the  mean  obUqnity  23^  ST'  48'\S,  gires  the  apparent  ohliqiii- 
ty  %9P  VP  Br. 7. 

TABLE  XLIV.  Jhtgnuntation  of  the  Moon's  5em<-d&iifie(sr.--Thla  tabto  is  difiM 
into  four  parts,  and  b  useful  in  findin[j^  the  augmentation  of  the  moon's  semi-^iametec 
by  means  of  the  altitude  and  longitude  of  the  nonagesimal  when  the  moon's  altitude  is 
'unknown.  The  precepts  for  this  calculation  are  given  at  the  bottom  of  the  table,  and 
fbr  ftuther  Illustration  another  example  is  added,  in  which  it  is  required  to  And  \lie  ang- 
mentation  at  the  commencement  of  the  occultation  calculated  in  Problem  TIL  of  the 
ADoendix,  when  the  ^'s  S.  D.  by  the  Nautical  Almanac  was  I6'  18''.9,  her  tnie  latitude 
1^'  ir  S.  parallax  in  lat.  lO'  S3''.6,  altitude  of  the  nonagesimal  81^  1/  32'',  and  the 
moon's  apparent  dbtance  ih>m  the  nonagesimal  51^  38'  86^^  as  in  Example  IIL  Prob.  T. 
Appendix.  In  (his  case  the  arguments  of  Part  I.  are  81^  17'  33"  +  ^I^  38'  26^' or 
nearly  4fl.  12^  56^  and  Os.  29^  39^,  and  the  corresponding  corrections  +  6^00,  44*.05, 
whose  sum  is  W,05,  This  in  Part  II.  gives  +0".10.  In  Part  III.  with  the  moon's  true 
latitude  1°  55'  11"  S.  and  her  par.  in  lat  10^23".6,  the  correction  is  —  O^'.IO.  The 
sum  of  these  three  parts  is  -f  10^^05,  which  being  found  at  the  side  of  Part  IV.  and  the 
moon's  horixontal  S.  D.  W  18".9  at  the  top,  gives  the  conespondingcorraeliaa  -^  0".40. 
This  connected  with  the  three  former  parts  +  10".05,  gives  the  soogfai  angmentntiBB 
10".45,  or  10".4,  as  in  the  example  Prob.  VIL  Appendix.  It  may  be  observed  that  the 
caloutaition  by  Problem  IV.  will  sometimes  prodnce  the  supplement  of  the  altitude  of  the 
nonagesimal,  but  this  requires  no  alteration  in  the  rule,  since  the  result  is  the  sane 
ivhether  the  altitude  or  its  supplement  is  used. 

TABLE  XLV.  Equation  of  Second  Dffferences.^rThla  table  contains  the  equation 
of  the  second  differences  of  ^e  moon's  motion,  or  the  correction  to  be  made  on  aceount 
of  her  unequal  velocity  between  the  times  marked  in  the  NauticaT  Almanac  The  man- 
ner of  appfying  this  correction  is  taught  in  Problems  I.  II.  III.  of  the  Appendix. 

TABLE  XLvI.  Tables  qf  Lalitudes  and  LongUudes.'-'nus  table  (as  observed  in  the . 
preface)  has  been  completely  revised  for  this  ediUon,  and  the  latitudes  and  bngitades  of 
a  great  number  of  places  are  added  to  those  given  in  the  former  editions  of  this  woric. 

TABLE  XLVIL  Tide  tabU.— The  explanation  and  uses  of  this  table  are  s^ven  in 
page  213,  etseq. 
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TABLE  I. 
Difference  of  Latitude  and  Departiu^  for  i  Pdini. 


Lat. 


01.0 
02.0 
03.0 
04.0 
05.0 
06.0 
07.0 
Od.U 
09.0 
10.0 


11.0 
iS.O 
13.0 
14.0 
16.0 
16.0 
17.0 
IS.O 
19.0 
20.0 


21. i) 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 


31.0 
32.0 
33.0 


35.0 
36.0 
37 
38.0 


39.0  01.9 
40   40.0  02.0 


41.0 
41.9 
43  42 
43.9 

45  44.9 

46  45.9 

47  46.9 


48 

49  48.9 

60   49.9 


51    50.9 
52|  51.9 
52.9 

551  54 
55.9 

57]  56 
57.9 
58 

60   59.9 


Pep. 


Dep. 


0«> .  'J 
00.1 
00.1 
00.2 
00.2 
00.3 
00.3 
00.4 
00.4 
00 


DST 


00.6 

00.6! 

00.6 

00.7 

00.7 

00. 

00.8 

00. 9| 

00. 91 

01. p 


bl 
62 
6rJ 
64 
.65 
66 
6"/ 
68 
69 
70 


01.0 
01.1 
01.1 
01.2 
01.2 
01.3 
01.3 
01.4 
01.4 
01.5 


34.0   01.7 


01.7 
01.8 
01.8 
01.9 


02.0 
02.1 
02.1 
02.2] 
02.2 
02.3 
02.3 
47.91  02.4 


02.4 
02.6 


02.0 
02.6 
02.6 
02.6 
02.7 
02.7 
08.8 
02.81 
02.9 
02.9 


7 

72 

73 

74 

75 

76' 

77 

78 

79 

80 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


•91 
92 
93 
94 
95 
96 
97 
98 
99 


101 
02 


06 


Lat 


N.|W. 


100  99 


100 
101 


03102 
04103 
05104 


105 


07  106 

08  107 

09  108 

10  109 


111  110 
121 
13112 
14  113 
15114 
16115.9 
17116 
18  117.9 
19118 
20119 


Dep. 


03.0 
03.1 
03.1 
03. 5J 
03.2 
03.3 
03.  ;i 
03  4 
'■3.4 


03.... 
03.6 
03.6 
03.6 
03.7 
08.7 
03.8 
03.8 
03.9 
03.9 


04.0 
04.0 
04.1 
04.1 
04.2 
04.2 
04.3 
04.3 
04.4 
04.4 


04.O 
04.6 
04.6 
04.6 
04.7 
04.7 
04.8 
04.8 
04.9 
04.9 


05.0 
05.0 
05.1 
05.1 
06.2 
05.2 
05.3 

9  05 

9  05.3 
05.4 


L«t.  '  Dht.t  Dep 

— srpT 


05.5 
06.5 
05.6 
05.6 
C5.7 
05.7 
05.8 
05.8 
06.9 

Lat. 


T^ 


121  120.9 
22  121.9 
2.U22.9 
24123.9 
25  124.8 


131 
32 
33 
34 
35 
36 
37 


130.8 
131.8 
132.8 
133.8 
134.8 
135.8 
136.8 


38137.8 


140.8 
141.8 
43142.8 
44143.8 
144.8 
145.8 
146.8 
147.8 
148.8 


141 

42 


45 
45 
47 
48 
49 


58 
59 
60 


161 

62 


Lat. 


i-25.8 
126.8 
127.8 
i28.8 
129.8 


138.8 
139.8 


50149.8   07.4 


151  150.8 
52151.8 
53  152.8 
54153.8 
55154.8 
56155.8 
57156.8 


157.8 
158.8 
169.8 


l(i0.8 
161.8 

63  162.8 

64  163.8 
164.8 
165.8 

67166.8 
68  167.8 


69  168.8  08.3 


70169.8 


171  170.8 
72171.8 
73172.8 
74173.8 
•75  174.8 
76  175.8 
77176.8 
78177.8 
79178.8 
80179  8 
Pi8t.l  Dep. 


fiejp 


05.9 
06.0 
06.0 
06.1 
0^.1 
06.2 
06.2 
06.3 
06.3 
06.4 


06.4 
06.5 
06.5 
06.6 
06.6 
06.7 
06.7 
06.8 
06.8 
06.9 


06.9 
07.0 
07.0 
07.1 
07.1 
07.2 
07.2 
07.3 
07.3 


07.41 
07.5 
07.5 
07.6 
07.6 
07.7 
07.7 
07.8 
07.8 
07.9 


07.9 
07.9 
08.0 
08.0 
08.1 
08.1 

oe.2 

08 


08.3 


08.4 

08.4 

08 

08.5 

08.6 

08.6 

08 

08.7 

08.8 

08. 8| 


t5r: 


181  180.8 

82  181.8 

83  182.8 

84  183.^! 

85  184.8 

86  l/;d.8 

87  186.  r, 

88  187.;J 


89 


90189.8 


191 
92 


93  192  8 


94 
96 
^6 
97 
9J: 
99 
200 


193.8 
194.8 
195.8 
196.8 
197.8 
198.8 
199.8 


201200.8 

02  201.8 

03  202.8 

04  203.8 

05  204.8 
205.8 
206.8 
207.7 
208.7 
209.7 


211 


13 


221 

22 


Dep. 


Tat 


S.iW. 


1U8.8 


190.8 
191.} 


210.7 


12211.7 


212.7 


14213.7 


214.7 
215.7 
216.7 
217.7 
218 


20219.7 


10.8 
10.9 
10.9 
11.01 
11.0 
11.1 
27226.7  11. li 
.21 


2'iO. 
221.7 

23  222.7 

24  223.7 

25  224.7 

26  225.7 


28227 

29  228.7 

30  229.7 


231230,7 

32  231.7 

33  232 
342.33.7 

35  234.7 

36  235.7 

37  236.7 
88  237.7 

39  238 

40  239.7 


^ep! 


03.9 
08.9 
09.0 
09.0 
09.1 
09.1 
09.2 
09.2 
09.3 
09.3 


09.4 
09.4 
09.5 
09.5 
09.6 
09.6 
09.7 
09.7 
09. C 
09.8 


09.9 
09.9 
10.0 
10.0 
10.1 
10.1 
10.2 
10.2 
10.3 
10 


10 

10.4 

10.5 

10.51 

10.5 

10.6 

10.6 

10.7 

10.7 

10.8 


TRit 


241 

42 
43 
44 
45 
46 
47 
48 
49 
.  50 


Lati 

24o77 

241.7 
242.7 
213.1 
'-J44.7 
2-1^.7 
246.7 
247.7 
248.7 
249.7 


251 
62 
53 
64 
55 
56 
57 
58 


250.7 
2ol.7 
262.7 
253.7 
254.7 
256.7 
266.7 
J  257.7 
69|263.7 
60J259.7 
261J260.7 
621261.7 
631262.7 
64|263.7 
65;264.7 
661166.7 
671266.7 
68i267.7 
69!26:J.7 
70i269.7 


271 
72 
73 


270.7 
271.7 
272.7 


74273.7 


) 274.7 

76  276.7 

77  276.7 
7«  277.7 
791278.7 
80i279.7 


281J280.7 


82 
83 
84 
85 


281.7 

282.7 
283.7 
284.7 


86|285.7 


87 
88 
89 


286.7 
287.7 
288.7 


11,3;     90289.7 


11.3ii 

11.4i| 

ll.4|| 

11.5i| 

11.6 
11.61 
11.7 

11.7;, 

11.8 


291290.6 
92291.6 
93  292.6 
94^293.6 
95;294.6 
96295.6 
97|296.6 
98,297.6 
991298.6 

8001299.6 


Lat.  11  Dirt.  Dep. 
W.|S. 


Lat.  jiDist.!  Dep.  " 
[For  7rF 


TABLE  L' 

Difloence  of  Latitude  and  De{»aitare  fct  1  PoinU 

N.JE. 

N.iW.                   S4E.                    S4W. 

Lat 

Dep. 

jDist 

Lat. 

t>ep. 

hU 

Lat 

Dep. 

Dist  Lat 

0ap. 

Dist 

Lat 

Dep.^ 

01. 0 

00.1 

61 

60.7 

06.0 

121 

120.4 

11.9 

181180.1 

17.7 

241 

239.8 

2S.6 

02.0 

00.2 

62 

61.1 

06.1 

22 

121.4 

12.0 

82:i8l.l 

17.8 

421240.8 

23.7 

03.0 

00.3 

63 

62.7 

06.2 

23 

122.4 

12.1 

83 

182.1 

17.9 

43  241.8 

23.8 

04.0 

00.4 

64 

63.1 

06.3 

24 

123.4 

12.2 

84 

183.1 

18.0 

44  242.8 

23.9 

' 

05.0 

00.6 

66 

64.1 

06.4 

25 

124.4 

12.3 

86 

184.1 

18.1 

46  243.8 

24.0 

06.0 

00.6 

66 

66.1 

06. 6 

26 

126.4 

12.4 

86 

186.1 

18.2 

46  244.8 

24.1 

07.0 

00.7 

67 

66.1 

06.6 

27 

126.4 

12.4 

87 

186.1 

18.3 

47^246.8 

24.2 

08.0 

00.8 

68 

67.7 

0^.7 

S8 

127.4 

12.5 

88 

187.1 

18.4 

48 

246.8 

24.3 

09.0 

00.9 

69 

68.7 

06.8 

99 

128.4 

12.6 

89 

188.1 

18.6 

49(247. 8 

24.4 

10.0 

01.0 

70 

69.7 

06.9 

30 

129.4 

12.7 

90 

189.1 

18.6 

60  248.8 

24.5 

10.9 

01.1 

71 

70.7 

07.0 

131 

180.4 

12.8 

191 

190.1 

J8.7 

251249.8 

24.6 

11.9 

01.2 

72 

71.7 

07.1 

52 

131.4 

12.9 

92 

191.1 

18.8 

62|250.8 

24.7 

12. y 

01.3 

73 

72.6 

07.2 

33 

132. 4 

13.0 

93 

192.1 

18.9 

63 

251.3 

24.8 

13.9 

01.4 

74 

73.6 

07.8 

34 

133.4 

13.1 

94 

193.1 

19.0 

64 

252.8 

24.9 

14.9 

01.5 

75 

74.6 

07.4 

36 

134.3 

13.2 

95 

194.1 

19.1 

65 

258.8 

26.0 

15.9 

01.6 

76 

75.6 

07.4 

36 

131^.9 

13.3 

96 

196.1 

19.2 

56 

254.^ 

25.1 

16.9 

01.7 

77 

76.6 

07.5 

87 

136.3 

13.4 

97 

196.1 

19.8 

67 

255.8 

26.2 

17.9 

01.8 

78 

77.6 

07.6 

38 

187.3 

13.5 

98 

19T.0 

19.4 

68 

266.8 

25.3 

18.9 

01.9 

79 

78.6 

07.7 

39 

138.3 

13.6 

99 

198.0 

19.6 

69 

267.8 

25.4 

19.9 

02.0 

.80 

79.6 

07.8 

40 

139.3 

13.7 

200 

199.0 

19.6 

60 

258.7 

26.6 

20.9 

02.1 

81 

80.6 

07.9 

141 

140.3 

13.8 

201 

200.0 

19.7 

261 

259.7 

26.6 

21.9;  02.2 

82 

81.6 

08.0 

42 

141.3 

13.9 

02 

201.0 

19.8 

62 

260.7 

26.7 

22.9    02.3 

83 

82.6 

08.1 

43 

142.3 

14.0 

03 

202.0 

19.9 

63 

261.7 

26.8 

23. 9|  02.4 

84 

8S.6 

08.2 

44 

143.3 

14.1 

04 

203.0 

20.0 

64 

262.7 

26.9 

24.9 

02.5 

8S 

84.6 

08.3 

46 

144.3 

14.2 

06 

204.0 

20.1 

66 

263.7 

26.0 

25.9 

02.6 

86 

86.6 

08.4: 

46 

146.3 

14.3 

06 

205.0 

20.2 

66 

264.7 

26.1 

26.9 

02.6 

87 

86.6 

08.6i 

47 

146.3 

14.4 

07 

206.0 

20.3 

67 

265.7 

26.2 

27.9 

02.7 

83 

87.6 

08.6 

48 

147.3 

14.6 

08 

207.0 

20.4 

68 

266.7 

26.3 

28.9 

02.8 

89 

88.6 

08.71 

49 

148.3 

14.6 

09 

208.0 

20.5 

69 

267.7 

26.4 

29.9 

02.9 

90 

89.6 

08.8 

60 

149.3 

14.7 

10 

209.0 

20.6 

70 

268.7 

26.6 

30.9 

03.0 

91 

90.6 

08.9 

151 

I60.» 

14.8 

211 

210.0 

20.7 

271 

tUB.i 

26.6 

31.8 

03.1 

92 

91.6 

09.0 

62 

151.3 

14.9 

12 

^11.0 

20.8 

72 

270.7 

26.7 

32.8 

03.2 

93 

92.6 

09.1 

63 

152.3 

16.0 

13  212.01 

20.9 

73 

27J.7 

26.8 

33.8 

03.3 

94 

93.6 

09.2 

64 

153.3 

15.1 

14 

213.0 

21.0 

74 

272.7 

26.9 

34.8 

03.4 

96 

94.6 

09.8 

66 

154.3 

16.2 

15 

214.0 

21.1 

76 

273.7 

27.0 

33.8 

03.6 

96 

96.6 

09.4 

56 

16^.2 

16.3 

16 

216.0 

21.2 

76 

274.7 

27.1 

36.8 

03.6 

97 

'96.6 

09.5 

67 

166.2 

16.4 

17 

216.0 

21.3 

77 

276.7 

27.2 

37.8 

03.7 

98 

97.6 

09.6 

58 

167.2 

16.5 

18 

217.0 

21.4 

78 

276.7 

27.2 

38.8 

03.8 

99 

98.6 

09.7 

69 

168.2 

15.6 

19 

217.9 

21.5 

79 

277.7 

27.3 

39.8 

03.9 

100 

99.6 

09.8 

60 

169.2 

16.7 

20I 

218.9 

21.6 

80 

278.7 

27.4 

40.8 

04.0 

101 

100.6 

09.9 

161 

160.2 

16.8 

221219.9 

21.7 

281 

279.6 

27.6 

11.8 

04.1 

02 

101.5 

10.0 

62 

161.2 

15.9 

22  220.9 

21.8 

82 

280.6 

27.6 

42.8 

04.2 

03 

102.6 

10.1 

'63 

162.2 

16.0 

23  221.9 

21.9 

83 

281.6 

27.7 

1-3.8 

at.s 

04 

103.6 

10.2 

64 

163.2 

16.1 

84  222.9 

22.0 

84 

282.6 

27.8 

U.8 

04.4 

05 

104.6 

10.3, 

65 

164.2 

16.2 

25  223.9 

22.1 

85 

283.6 

27.9 

45.8   04. 6| 

06 

105.6 

10.4 

66 

166.2 

16.3 

26  224.9 

22.2 

86 

284.6 

28.0 

46. 8| 

04.6 

07 

106.6 

10.6 

67 

166.2 

16.4 

27'226.9 

32.2 

87 

285.6 

28.1 

n.8 

04.7 

03 

107.6 

10.6 

68 

167.8 

16.6 

28  226.9 
291227.9 

22.3 

88 

286.6 

28.2 

18.8 

04.8 

09 

108.5 

10.7 

69 

168.2 

16.6 

22.4 

89 

287.6 

28.3 

19.8 

04.9 

10 

109.5 

10. 8| 

70 

169.2 

16.7 

30'22a.9 

22.6 

90 

2B8.6 

28.4 

}0.8 

06.0 

m 

110.5 

10. 9> 

171 

170.2 

16.8 

23i;229.9 

22.6 

2912o9.6 

28.6 

H.7 

06.1 

12 

111.5 

11. Oj 

72 

171.2 

16.9 

82  230.9 
33)231.9 

22.7 

92  290.6 

28.6 

52.7 

06.2 

13 

112.5 

11.1' 

73 

172.2 

17.0 

22.8 

93  291.6 

2$.7 

53.7 

05.3 

14 

113.5 

11.21 

74 

173.2 

17.1 

34232.9 

22.9 

94  292.0 

28.8 

>4.7 

05.4 

15 

114.4 

11.3 

75 

174.2 

17.2 

36|233.9 
36^34.9 

23.0 

95  21)3.  t5 

28. S 

M.7 

05.6 

16 

116.4 

11.4 

76 

175.2 

17.3 

23.1 

96  294.  b 

29.0 

)6.7 

06.6 

17 

116.4 

11.5 

77 

176.1 

17.3 

37!23d.9 

23.^ 

97  296.6 

29.1 

J7.7 

05.7 

18 

117.4 

11.61 

78 

177.1 

17.4 

381886.9 

23.3 

98  296.  e. 

29.2 

.8.71  05.811 

19 

118.4 

11.7! 

.79 

178.1 

17.5 

39te.^7.8 

2:M 

99'?97.b 

295 

»9.7, 

05.9 

20 

119.4 

11.8      soil 

79.1 

17.fi 

40  2:^:^8 

23.0 

.TOO  298. 6 

29.4 

Lat.il 

Dist. 

Dcp. 

Lat    Dist-i 

D.p 

LfM.^ 

bht.  l),.p.     L»i.  I 

Di>t.  Pi-p. 

fat. 

•an: 

EiS.                    i 

V.4X 

1 
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TABLE  1.            .                                  3 

Difference  of  Latitude  and  Departure  for  i  Point. 

N.|E. 

N.|W.                    S.|E.                     S.|W. 

fDift. 

tut. 

Dep. 

UiBt. 

I^t. 

Dep. 

Dist. 

Lat. 

Dep. 

Dut. 

Lat. 

Dep. 

Dist 

Lat. 

Dep.    . 

!"^i 

01 .0 

00.1 

61 

60.3 

09.0 

121 

119.7 

17. 8| 

181 

179.0 

26.6 

241 

238.4 

35.4  i 

2 

02.0 

00.3 

62 

61.3 

09.1 

22 

120.7 

17.9 

82 

180.0 

26.7 

42 

239.4 

36.5 

1       3 

03.0 

00.4 

63 

62.3 

09.2 

23121.7 

18.0 

83 

181.0 

26.9 

43 

240.4 

36.7 

4 

04.0 

00.6 

64 

63.3 

09.4 

241122.7 

18.2 

84 

182.0 

27.0 

44 

241.4 

36.8 

'\      6 

04.9 

00.7 

65 

64.3 

09.5 

2.i  123.6 

18.3 

85 

133.0 

27.1 

46 

242.3 

35.9 

1      ^ 

05.9 

00.9 

66 

65.3 

09.7 

20124.6 

18.5 

86 

184.0 

27.3 

46 '2^13. 8 

36.1 

!      7 

06.9 

01. 0 

67 

66.3 

09.8 

27(125.6 

18.6 

07 

186.0 

27.4 

47:244.3 

36.2 

8 

07.9 

01.2 

68 

67..  3 

10.0 

28126.6 

18.8 

BB 

186.0 

27.6 

48i245.3 

36.4 

9 

08.9 

01.3 

69 

68.3 

10.1 

29127.6 

18.9 

89 

187.0 

27.7 

49:246.3 

36.6  ! 

10 

09.9 

01.6 

70 

69.2 

10.3 

30128.6 

19.1 

90 

187.9 

27.9 

50i'247.3 

36.7  i 

U 

W.9 

01.6 

71 

70.2 

10.4 

131|129.6 

19.2| 

191 

188.9 

28.0 

25lj248.3 

3C.8  1 

IS 

U.9 

01.8 

72 

71.2 

10.6 

321130.6 

19.4! 

92 

189.9 

28.2 

62;249.3 

37.0  ' 

13 

12.9 

01.9 

73 

72.2 

10.7 

33131.6 

19. oi 

93 

190.0 

28.3 

63|2d0.3 

37.1  1 

U 

13.8 

02.1 

74 

73.2 

10.9 

34132.5 

19.7' 

94 

191.9 

23.6 

541251.3 

37.3  ; 

15 

14.8 

02.2 

75 

74.2 

11. Oi     36|133:6 

19.8| 

95 

192.9 

28.6 

55i262.2 

37.4  , 

IC 

158 

02.3 

76 

75.2 

U.2i     36134.5 

20.0,' 

96 

193.9 

28.8 

66'263.2 

37.6 

17 

16.8 

02.5 

77 

76.2 

11.3 

37,136.5 

20.1' 

97 

194.9 

28.9 

67;254.2 

37.7  1 

18 

17. 8 

02.6 

78 

77.2 

11.4 

3g|18f.6 

20.2 

98 

196.9 

29.1 

6«iJ6.2 

37.9 

19 

18.8 

02.8 

79 

78.1 

11.6 

39|lS/.6 

20.4 

99 

196.3 

29.2 

69;256.2 

38.0  i 

20 

19.8 

02.9 

80 

79.1 

11.7 

'i0;i38.5 

20.6 

200 

197.8 

29.3 

60;257,2 
2Gl;2j8.2 

JJU.I   ^ 

21 

20'.8 

03.1 

81 

80.1 

11. 9 

141:139.6 

20.7 

201 

19U.8 

29.5 

38.3 

22 

21.8 

03.2 

82 

81.1 

12.0 

42:140.5 

20.8 

02 

199.8 

29.6 

1     62:259.2 

38.4 

.23 

22.8 

03.4 

83 

82.1 

12.2 

43;  141. 6 

21.0 

03 

200.8 

29.8 

6ol2b0.2 

38.6 

24 

23.7 

03.6 

84 

83.1 

12.3 

44142.4 

21.1 

04 

201.8 

29.9 

64261.1 

38.7 

25 

24.7 

03.7 

85 

84.1 

12.5 

45143.4 

21.3 

06 

202.8 

30.1 

06;262.1 

38.9 

26 

25.7 

03.3 

86 

85.1 

12. G 

46144.4 

21.4 

06 

203.8 

30.2 

66.263.1 

39.0 

27 

26.7 

04.0 

87 

86.1 

12.8 

47.145.4 

21.6 

07 

204.  a 

30.4 

!     67  264.1 

39.2 

28 

27.7 

04.1 

88 

87.0 

12.9 

48  146.4 

21.7 

08 

205.7 

30.6 

1     68  265.1 

39.3 

29 

28.7 

04.3 

89 

88.0 

13.1 

49147.4 

21.9 

09 

206.7 

30.7 

69i266.1 

39.6 

SO 

29.7 

04.4 

90 

89.0 

13.2 

^  6014B.4 

22.0 

10 

207.7 

30.8 

:     701267.1 

39.6  ■ 

31 

30.7 

04.5 

91 

90.0 

13.4 

161 

149.4 

22.2 

211 

208.7 

31.0 

i  2711268.1 

39.8  , 

32 

31.7 

04.7 

92 

91.0 

13.6 

52 

150.4 

22.3 

12 

209.7 

31.1 

72  269.1 

39. <J 

33 

32.6 

04.8 

93 

92.0 

13.6 

53 

151. 3 

22.4 

13 

210.7 

31.3 

731270.0 

40.1   ' 

34 

33.6 

05.0 

94 

93.0 

13.8 

54 

152.3 

22.6 

14 

211.7 

31.4 

74271.0 

40.2  ' 

35 

34.6 

05.1 

95 

94. (^ 

13.9 

66 

153.3 

22.7 

16 

212.7 

81.6 

76i272.e 

40.4 

36 

35.6 

05.3 

96 

95.0 

14.1 

56 

164.3 

22.9 

16 

213.7 

31.7 

76J273.0 

40.6 

37 

36.6 

05.4 

97 

96.0 

14.2 

67 

155.3 

23.0 

17 

214.7 

31.8 

.    77i274.0i  40.6 

38 

37.6 

05.6 

08 

96.9 

14.4 

58 

156.3 

23.2 

18 

216.6 

32.0 

781276.01  40.8  • 

39 

38.6 

05.7 

99 

97.9 

14.5 

59 

157.3 

23.3 

19 

216.6 

32.1 

79^276.0 

40.9  ; 

40 

39.6 

05.9 

100 

98.9 

14,7 

60 

158.3 

23.6 

20 

217.6 

32.3 

80'277.0 

41.1 

41 

40.6 

06.0 

lOi;  99.9 

14.8 

161 

169.3 

23.6 

221 

2J8.6 

32.4ii  2(11278.0 

41.2 

42 

41.5 

06.2 

02 

100.9 

15.0 

62 

160.2 

23.8 

22 

219.6 

32.6 

1     82  278.9 

41.4 

1     43 

42.5 

06.3 

03 

101.9 

15.1 

63 

161.2 

23.9 

23 

220.6 

32.7 

83.279.9 

41.6 

44 

43.5 

06.5 

04|102.9 

15.3 

64 

162.2 

24.1 

24 

221.6 

32.9 

84280.9 

41.7 

'     ^ 

44.^ 

06.6 

05;103.9 

15.4 

65 

163.2 

24.2 

26 

222.6 

33.0 

86J281.9 

41.8 

46 

45.5 

06.7 

061104.9 

16.6 

66 

164.2 

24.4 

26 

223.6 

33.2 

861282.9 

42.0 

4*^ 

46.5 

06.9 

07  105,8 
08.106.8 

15.7 

67 

165.2 

24.6 

27 

224.5 

33.3 

.  87 

,283.9 

42.1 

4^ 

47.5 

07-(y 

U.8 

1     68 

166.2 

24.7 

28 

225.5 

33.6 

88 

284.9 

42.3 

49 

4?.5 

07.2 

09;107.8 

16.0 

69 

167.2 

24.8 

29 

226.5 

33.6 

89 

285.9 

42.4 

50 

49.5 

07.3 

10108.8 

16.1 

70 

168.2 

24.9 

30 

227  6 

33.7 

90 

|286.9 

42.6 

61 

50.4 

07.5 

.111^109.8 

16.3 

171 

169.1 

25.1 

231 

228.5 

33.9 

;  291 

1287.9 

42.7 

52 

51.4 

07.6 

12ill0.8 

16.4 

72 

170.1 

26.2 

32 

229.5 

34.0 

1     92 

1288.8 

42.8  1 

53 

62.4 

07.8 

13^111.8 
14^112.8 
15113.8 

16.6 

73 

171.1 

25.4 

33 

230.5 

34.2 

93 

289.8 

43.0  i 

54 

53.4 

07.9 

16.7 

74 

172.1 

25.5 

34 

231.5 

.34.3 

94 

290.8 

43.1  1 

55 

54.4 

08.1 

16.9 

75 

173.1 

25.7 

36 

2i2.6 

34.5 

95 

291.8 

43.3  i 

56 

55.4 

00.2 

16;il4.7 

17.0 

76 

174.1 

25.8 

36 

233.4 

34.6 

96 

292.8 

43.4 

57 

56.4 

08.4 

17 

115.7 

17.2 

77 

175.1 

26.0 

^1 

234.4 

34.8 

97 

293.8 

43.6  ! 

5a 

57.4 

08.5 

18 

116. 7 

17.3 

78 

176  vl 

26.1 

38 

1235.4 

34.9 

98 

294  3 

4:^.7   ! 

59 

58.4 

08.7 

19 

117.7 

17.5 

79 

177. i 

26.3 

39 

236.4 

35,1 

991290.8 

43.9 

60 

59.4 

08.8 

20 

11«.7 

17.6 

80 

178.1 

26.4 

40 

237.4 

36.2 

3001296.1, 

44.0 
"T.*t.    1 

>l>bt. 

Dap. 

Lat 

teut 

lot^p. 

UL 

DUt. 

Dep.*  Lat. 

IdST.*  Df?p. 

Lat. 

Dist.'  liep. 
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TABLE  I. 

Difference  of  Latitude  and  Departure  for  1  Point. 


N.b.E. 


J*.b.W. 


S.b.E. 


S.b.W. 


test.  Lat. 


Dep. 


Dist. 


IHst.1  Lat. 


1 
2 
.  8 
4 
5 
6 
7 
8 
9 
10 


01.0 
02.0 
02.0 
03.9 
04. 9 
05.9 
06.9 
07.8 
08.8 
09.8 


\hp.  \  Dist 


0Q.2; 
00.4 
00.6] 
00.8 
01.0 
01.2 
01.4 
0J.6 
01.8 
02.0 


Lat. 


59.8 
60.8 
61.8 
62.8 
63.8 
64.7 
65.7 
66.7 
67.7 
68.7 


Dep. 


Dbt 


11.9 
12.1 
12.3; 
12.5; 
12.7; 
12.9; 
13.1 
13.3 
13.5 
13.7 


121 
22 
23 


118.7 
119.7 
120.6 
24  121.6 
122.6 
123.6 
124.6 
125.5 
126.5 
127.6 


Lat. 


23.6 
23.8 
24.0 
24.2 
24.4 
24.6 
24.8 
25.0 
25.2 
25.4 


181 
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E.S.E.i£.           WJS.W.4\V.          W.S.WJ 

iwT"    [For  6i  Points.    | 

^^.v 
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• 

TABLE  I. 

* 

Difference  of  Latitude  and  Departure /or  2  Poilito* 

N.N.E 

N.N.i\ 

S.S.E 

s.s.w. 

Olst 

Lat. 

Dep. 

"Diit 

Lat.  1  Dep. 

Dist.,  Lat. 

Dcp.  Ipist. 

Lat. 

Dep.| 

I>Sst.  Ui 

I>ep. 

1 

00. < 

00.4 

61 

36.4 

23.3 

121'111.« 

46.3 

lijl 

167.2 

69.31 

241222.7 

92.2 

2 

01. a 

00.8 

62 

57.3 

23.7 

22I112.7 

4€.7 

82 

168.1 

69.6! 

421223.6 

92.6 

3 

02,8 

01.1 

63 

58.2 

24.1 

23ill3.6 

47.1 

83 

169.1 

70. a 

43 

224.5 

93.0 

4 

03.7 

01.6 

64 

69.1 

24.5 

24 

114.6 

47-5 

84 

170.0 

70.4! 

44 

225,i  93.4 

•  5 

04.6 

01.9 

65 

60.1 

24.9 

25 

116.6 

47.3 

85 

170.9 

70. 8| 

45 

226.4    93.8 

6 

06.6 

02.3 

66 

61.0 

25.3 

26 

116.4 

48.2 

86 

171.8 

71.^ 

46 

227.3   94.1 

7 

06.6 

02.7 

67 

61.9 

25.6 

27 

117.3 

48.6 

87 

172.8 

71.?; 

47 

228.21  94.6 

8 

0^.4 

03.1 

68 

62.8 

26.0 

23 

118.3 

49.0 

88 

173.7 

71.9 

48 

229.1 

94.9 

9 

08.3 

03.4 

69 

63.7 

26.4 

29 

119.2 

49.4 

89 

174.6 

72.3 

49 

230.01  95.3  1 

'    10 

09.2 

03:8 

70 

64.7 

26.8 

30;i20.1 

49.7 

90 

175.6 

72.7; 

50 

231.0 

95.7 

n 

10.2 

04.2 

71 

66.6 

27.2 

13M21.0 

60.1 

191 

176.5 

73.1; 
73.51 

261 

231.9 

96.1 

12 

11.1 

04.6 

72 

66.5 

27.6 

32 

122.0 

50.6 

92 

177.4 

62 

232.8 

96.4 

IS 

12.0 

05.0 

73 

67.4 

27.9 

33 

122.9 

60.9 

93 

178.3 

73.9 

53 

233.7 

96.8 

.  u 

12.9 

05.4 

74 

68.4 

28.3 

34 

123.8 

61.3 

94 

179.2 

74.2 

54 

234.7 

97.2 

16 

13.9 

05.7 

75 

69.3 

28  7 

36 

124.7 

51.7 

95 

180.2 

74.6 

65 

236.6 

97.6 

16 

14.8 

06.1 

76^ 

70.2 

29.1 

36 

126.6 

61.0 

96 

181.1 

76.01 

56 

236.5 

98.0 

17 

16.7 

06.6 

77 

71.1 

29.5 

37 

126.6 

52.4 

97 

182.0 

76.4 

67 

237.4 

98.3 

18 

16.6 

06.9 

78 

72.1 

29.8 

38 

127.6 

62.8 

98 

182.9 

76.8 

68 

238.4    98.7  ] 

19 

17.6 

07.3 

79 

73.0 

30.2 

39 

128.4 

53.2 

99 

183.9 

76. 2| 

69 

239.3 

99.1 

20 

18.6 

07.7 

80 

73,9 

30.6 

40 

129.3 

53.6 

200 

184.8 

76.3 

60 

240.2 

99.6 

21 

19.4 

08.0 

81 

74.8 

31.0 

141 

130.3!  64.0 

201 

186.7 

76.9 

261 

241.1 

99.9 

22 

20.3 

08.4 

82 

75.8 

31.4 

42 

131.21  54.3 

02 

186.6 

77.3 

62 

242.1 

100.3 

23 

21.2 

08.8 

83 

76.7 

31.8 

43 

132.1 

64.7 

03 

187.6 

77.7 

63 

243.0 

100.6 

24 

22.2 

09.2 

84 

77.6 

32.1 

44 

133.0 

56.1 

04 

188.6 

78.1 

64 

243.9 

101.0 

25 

23.1 

09.6 

86 

78.5 

32.5 

45 

134.0 

56.5 

!     05 

189.4 

78.6 

66 

244.8 

101.4 

26 

24.0 

09.9 

86 

79,5 

32.9 

46 

134.9 

65.9 

06 

190.3 

78.8 

66 

245.8 

101.8 

27 

24.9 

10.3 

87 

80.4 

33.3 

47 

135.8 

66.3 

07 

191.2 

79.2 

67 

246.7 

102.2 

28 

25.9 

10.7 

88 

81.3 

33.7 

48 

136.7 

66.6 

0)1 

192.2 

79.6 

68 

247.6 

102.6 

29 

26.8 

11.1 

89 

82.2 

34.1 

49 

137.7 

67.0 

09 

1^.1 

80.0 

69 

248.6 

102.9 

30 

27.7 

11.5 

90 

83.1 

34.4 

60 

138.6 

57.4 

1     10 

194.0 

80.4 

70 

249.4 

103.3 

31 

28.6 

11.9 

91 

84.1 

34.8' 

151 

139.6 

67.8 

211 

194.9 

80.7 

271 

too  A 

103.7 

32 

29.6 

12.2 

92 

85.0 

36.2 

52 

140. 4, 

68.2 

12 

196.9 

81.1 

72 

261.3 

104.1 

33 

30.6 

12.6 

93 

86.9 

35.6 

63 

141.4 

68.6 

13 

196.8 

81.5 

73 

252.2 

104.6 

34 

31.4 

13.0 

94 

86.8 

36.0 

64 

142.3 

58.9 

\     14 

197.7 

81.9 

74 

253.1 

104.9 

35 

32.3 

13.4 

95 

87.8 

86.4 

63 

143.2 

69.3 

16 

198.6 

82.3 

,75 

264.1 

106.2 

36 

33.3 

13.8 

96 

88.7 

36.7 

66 

144.1 

69.7 

16 

199.6 

82.7 

76 

256.0 

105.6 

37 

34.2 

14.2 

97 

89.6 

37.1 

67 

145.0 

60.1 

17 

200.5 

83.0 

77 

265.9 

106.6 

38 

35.1 

■14.6 

98 

90.6 

37.6 

58 

146.0 

60.5 

18 

201.4 

83.4 

78 

256.8 

106.4 

39 

36.0 

14.9 

99 

91.6 

37.9' 

69 

146.9 

60.8 

19 

202.3 

83.8 

79 

257.8 

106.8 

40 

37.0 

16.3 

100 

92.4 

38.3 

;     60 

147.8 

61.2 

20 

203.3 

84.2 

80 

258.7 

107. » 

41 

37.9 

16.7 

101 

93.3 

38.7 

1  161 

148.7 

61.6 

221 

204.2 

.84.6 

281 

269,6 

107.6 

42 

38.8 

16.1 

02 

94.2 

39.0 

62 

149.7 

62.0 

22 

206.1 

86.0 

82 

260.6 

107.9 

43 

39.7 

16.6 

03 

95.2 

39.4 

63 

160.6 

62.4 

23 

206.0 

86.3 

83 

261.6 

108.3 

44 

40.7 

16.8 

04 

96.1 

39.8 

64 

161.5 

62.8 

24 

206.9 

86.7 

84 

262.4 

108.7 

45   41.6 

17.2 

06 

97.0 

40.2 

66 

162.4 

63.1 

26 

207.9 

86.1 

86 

263.3 

109.1 

46-  42. 5 

17.6 

06 

97.9 

40.6 

66 

153.4 

63.6 

26 

208.8 

86.6 

86 

264.2 

109.4 

47 

43.4 

18.0 

07 

98.9 

40.9 

67 

154.3 

63.9 

27 

209.*^ 

86.9 

87 

265.2 

109.8 

48 

44.3 

18.4 

08 

,99.8 

41.3 

68 

166.2 

64.3 

28 

210.6 

87.3 

88 

266.1 

110.2 

49 

46.3 

18.8 

09 

100.7 

41.7 

69 

166.1 

64.7 

29 

211.6 

87.6 

89 

267.0 

110.6 

50 

46.2 

19.1 

10 

101.6 

42.1 

70 

167.1 

65.1 

30 

212.6 

88.0 

90 

267.9 

in.o 

51 

47.1 

19.6 

111 

102.6 

42.6 

171 

168.0 

65.4 

231 

213.4 

88.4 

291 

268.8 

111.4 

52 

48.0 

19.9 

12 

103.6 

42.9 

72 

158.9 

65.8 

32 

214  3 

88.8 

92 

269.8 

111.7 

63 

49.0 

20.3 

13 

104.4 

43.2 

73 

159.6 

66.2 

33 

215.3 

89.2 

93 

270.7 

112.1 

64 

49.9 

20.7 

14 

106.3 

43.6 

74 

160.8 

66.6 

34 

216.2 

89.5 

94 

271-6 

lift. 5' 

55 

60.8 

21.0 

16 

106.2 

44.0 

76 

161.7 

67.0 

36 

217.1 

89.9 

95 

272.6 

112.9 

56 

51.7 

21.4 

16 

107.2 

44.4 

76 

162.6 

67.4 

36 

218.0 

90.3 

96 

273.5 

113.3 

67 

52.7 

21.8 

17 

108.1 

44.8 

77 

163.6 

67.7 

37 

219.0 

90,7 

97 

274.4 

113.7 

58 

63.6 

22.2 

18 

109. 0   46.2 

78 

164.6 

68.1 

38 

219.9 

91.1 

98 

276.3 

lU.O 

59 

54.6 

22.6 

19 

109.9   45.6 

79 

166.4 

68.6 

39 

220.8 

91.6 

99 

276.2 

114,4 

60 

65.4 

23.0 

20 

110.9   45.9 

80 

166.3 

68.9 

40 

221.7 

91.8 

300 

277.2 

114.8 

Wst. 

Dep.'LatJi 

Dist. 

Dep. '  Lat. 

Diiit. 

Pep.  1  Lat.  1 

Dist. 

Dep, 

Lat 

Dist 

Dep. 

Lati 

] 

e:n.k. 

£.§.£. 

W.N.W. 

W.S.W. 

t^or  6  Points. 

.^.v 


TABLE  L 

9 

Difference  of  LAtitude  and  Departure  for  2i  Points* 

N.N.E4E. 

N.N.W.i 

VV.             S.S.E.|E.               S.S.W.iW. 

Dlsl. 

T^t. 

Dep. 

Dist. 

Lai. 

Dep. 

,Di3t. 

Lat.    Dep.  i 

Dist. 

Lat. 

Dep. 

Dist.  Lat. 

Dep. 

1 

00.9 

00.4 

Gl 

55.1 

26.1 

121 

109.4 

51. 7i 

181 

163.6 

77.4 

241 

217.9 

103.0 

.   2 

01.8 

00.9 

62 

56.0 

26.5 

22 

110.3 

52.2 

82 

164.5 

77.8 

42 

218.8 

103.5 

.   3 

02.7 

01.3 

63 

57.0 

26.9 

23 

111.2 

52.6 

83 

165.4 

78.2 

43 

219.7 

103.9 

4 

03.6 

01.7 

64 

57.9 

27.4 

1     24 

112.1 

63.0 

84 

166.3 

78.7 

44 

220.6 

104.3 

6 

04.5 

02.1 

65 

58.8 

27.8 

25 

113.0 

53.4 

85 

167.2 

79.1 

4-) 

221.5 

104.3 

6 

05.4 

02.fi 

66 

59.7 

28.2 

26 

113.9 

53.9 

86 

168.1 

79.5 

46 

222.4 

105.2 

7 

06.3 

03.0 

67 

60.6 

28.6 

27 

114.8 

54.3 

87 

169.0 

80.0 

47 

223.3 

105.6 

8 

07.2 

03.4 

68 

61.5 

29.1 

i     2S 

115.7 

54.7 

88 

169.9 

00.4 

4o 

224.2 

106.0 

9 

08.1 

03.1^ 

69 

62.4 

29.5 

1     29 

116.6 

55.2 

89 

170.9 

CO.S 

41) 

225.1 

106.5 

10 

09.0 

04.3 

70 

G3.3 

29.9 

i     30 

117.5 

55. G 

90 

171.8 

81.2 

50 

226.0 

106.9 

11 

09.9 

04.7 

71 

6-1.  SJ 

30.4 

i  131 

118.4 

56.0, 

191 

172.7 

81.7 

251 

226.9 

107.3 

12 

10.8 

05.1 

72 

65.1 

30.8 

'     32 

119.3 

56.4 

92 

173.6 

82.1 

52 

227.8 

107.7 

13 

11.8 

05. G 

73 

66.0 

31.2 

33 

120.2 

56.9 

93 

174.5 

82.. =S 

53 

228.7 

108.2 

14 

12.7 

06.0 

74 

66.9 

31. G 

34 

121.1 

57.3 

94 

175.4 

8-2.  n 

54 

229.6 

108.6 

16 

18.6 

06.4 

75 

67.8 

32.1 

^ 

J22.0 

57.7 

95 

176.3 

83.4 

55 

230.5 

109.0 

16 

14.5 

06.8 

76 

68.7 

32. 5 

36 

122.9 

58.1 

96 

177.2 

83.8 

66 

231.4 

109.5 

17 

15.4 

07.3 

77 

69.6 

32.9 

37 

123.8 

58.6 

97 

178.1 

84.2 

57 

232.3 

109.9 

'      18 

16.3 

07.7 

78 

70.6 

33.3 

38 

124.8 

59.0 

98 

179.0 

84.7 

58 

233.2 

110.3 

19 

17.2 

08.1 

79 

71.4 

33.8 

39 

125.7 

59.4 

99 

179.9 

85.1 

59 

234.1 

110.7 

20 

18.1 

08.6 

-80 

72.3 

34.2 

'10 

126.6 

59.  y 

200 

180.8 

85.5 

60 

236.0 

111.2 

21 

19.0 

09.0 

81 

73.2 

34.6 

141 

127.5 

60.3 

201 

181.7 

85.1' 

261 

235.9 

111.6 

tz 

19.9 

09.4 

82 

74.1 

35.1 

42 

128.4 

60.7 

02 

182.6 

86.4 

62 

236.8 

112.0 

23 

20.8 

09.3 

•83 

76.0 

35.6 

43 

I2y.3 

61.1 

03 

183.5 

86.8 

63 

237.7 

112.4 

24 

21.7 

10.3 

84 

76.9 

35.9 

U 

130.2 

61. e 

04 

184. 4 

87.2 

64 

238.7 

112.9 

25 

22.6 

10.7 

85 

76.8 

36.3 

46 

131.1 

62.0 

05 

185.3 

87.6 

65 1239. 6 

113.3 

26 

23.5 

11.1 

86 

77.7 

86.8 

46 

132.0 

62.4 

06 

186.2 

88.1 

661240.5 

113.7 

27 

24.4 

11.0 

87 

78.6 

37.2 

47 

132.9 

62.9 

07 

187.1 

88.5 

67^41.4 

681242.3 

114.2 

28 

25.3 

12.0 

88 

79.6 

37.6 

48 

133.8 

63.3. 

08 

188.0 

88.9 

114.6 

29 

26.2 

12.4 

89 

80.5 

38.1 

49 

134.7 

63.7 

09 

138.9 

89.4 

69|243.i-115.0  1 

30 

27.1 

12.8 

90 

81.4 

38.5 

60 

136.6 

64.1 

10 

189.8 

89.  JJ 

70 

244.1 

115.4 

81 

2S.0 

13.3 

.91 

82.3 

38.9 

151 

136.5 

64.6 

211 

190.7 

90.2 

"271 

245.0 

115.9 

32 

23.9 

13.7 

92 

83.2 

39.3 

52 

137.4 

65.0 

12 

191.6 

90.6 

72 

246.9 

116.3 

33 

29.8 

14.1 

93 

84.1 

39. a 

53 

130.3 

65.4 

13 

192.5 

91.1 

73 

246.8 

116.7 

34 

30.7 

14.6 

94 

35.0 

40.2 

54 

139.2 

65.8 

14 

193.6 

91.5 

74 

247  7 

117.2 

35 

31.6 

15.0 

95 

85.9 

40.6 

55 

140.1 

6G.3 

15 

194.4 

91.9 

75 

248.6 

U7.6 

36 

32.5 

16.4 

96 

86.8 

41.0 

56 

141.0 

66.7 

16 

196.3 

92.4 

76 

249.5 

118.0 

37 

33.4 

15.8 

97 

87.7 

41.5 

57 

141.9 

67.1 

17 

196.2 

92.8 

77 

250.4 

118.4 

38 

34.4 

16.2 

98 

88.6 

41.9 

68 

142.8 

67.6 

18 

197.1 

93.2 

78 

251.3 

118.9 

39 

35.3 

16.7 

99 

89.6 

42.3 

59 

143.7 

68.0 

19 

198.0 

93.6 

79 

252.2 

119.3 

40 

36.2 

17.1 

100 

90.4 

42.8 

60 

144.6 

68.4 

20 

198.9 

94.1 

80 

253.1 

119.7 

41 

37.1 

17.5 

101 

91.3 

43.2 

161 

145.5 

68.8 

221 

199.8 

94.5 

281 

254.0 

120.1 

42 

3^M 

18.0 

02 

92.2 

43.6 

62 

146.4 

69.3 

221200.7 

94.9 

82 

254.9 

120.6 

43 

38.9 

18.4 

03 

93.1 

44.0 

63 

147.4 

69.7 

23  201.6 

95.3 

83 

256.8 

121.0 

44 

39.8 

18.8 

04 

94.0 

44.5 

64 

148.3 

70.1 

24202.6 
25  203.4 

95.8 

84 

256.7 

121.4 

45 

40.7 

19.2 

05 

94.9 

44.9 

66 

149.2 

70.5 

96.2 

85 

257.6 

121.9 

46 

41.6 

19.7 

06 

95.8 

46.3 

66 

160.1 

71.0 

26i204.3 

96.6 

.86 

258.5 

122.3 

47 

42.5 

20.1 

07 

96.7 

45.7 

67 

151.0 

71.4 

271205.2 

97.1 

87 

259.4 

122.7 

48 

43.4 

20.5 

08 

97.6 

46.2 

68 

151.9 

71.8 

281206.1 

97.5 

88 

260. 3 

123.1 

49 

44.3 

21.0 

09 

98.5 

46.6 

69 

162.8 

72.3 

29 

207.0 

97.9 

89 

261.3 

123.6 

50 

45.2 

21.4 

10 

99.4 

47.0 

70 

153.7 

72.7 

30 

207.9 

98.3 

90 

262.2 

124.0 

51 

46.1 

21.8 

111 

100.3 

47.5 

171 

154.6 

73.1 

231 

208.8 

98.8 

291 

263.1 

124.4 

52 

47.0 

22.2 

12 

101.2 

47.9 

72 

156.5 

73,5 

32 

209.7 

99.2 

92 
93 

264.0 

124.8 

53 

47.9 

22.7 

13 

102.2 

48.3 

73 

156.4 

74.0 

33 

210.6 

99.6 

264.9 

125.3 

54 

48.8 

23.1 

14 

103.1 

48.7 

74 

157.3 

74.4 

34 

'■    35 

211.5 

100.0 

94 

265.8 

126.7 

55 

49.7 

23.5 

15 

104.0 

49.2 

76 

168.2 

74.8 

212.4 

100.5 

95 

266.7 

126.1 

56 

50.6 

23.9 

16 

104.9 

49.6 

76 

159.1 

76.2 

36 

213.3 

100.9 

96 

267.6 

126.6 

57 

51.5 

24.4 

17 

105.8 

60.0 

77 

160.0 

75.7 

37 

214.2 

101.3 

97 

268.5 

127.0 

58 

52.4 

24.8 

18 

106.7 

60.6 

78 

160.9 

76.1 

38 

215.1 

101.8 

98 

269.4 

127.4 

59 

53.3 

25.2 

19 

107.6 

50.9 

79 

161.8 

76.6 

39 

216.1 

102.2 

99 

270.3 

127.8 

60 

64.2 

25.7 

20 

108.6 

51.3 

80 

162.7 

77.0 

40 

217.0 

102.6 

300 

271.2 

128.3 

tDkt. 

Dep.  i  Lilt.  ■ 

Dist. 

Dep. 

Lat. 

D'ut. 

Dep. 

Lat. 

Dist. 

Dep. 

Lat. 

Dist. 

Dep. 

Lat. 

N.E.b.E.|E. 

d 

.fc.bJfc.t£. 

I^.W.b.W.JW.        S.W.b.W 

.|iV.       [For  5i 

Points. 

.^.v 
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TABLE  t 

Di£fei«nce  of  Lalitude  and  Departure  for  21  Joints* 


N-N.E4E. 


yjv.w.i^w. 


S.3.E4E. 


S.S.W-iW. 


Pep.  I  Uist.;.  Lat.  j  Depr||Diat!  Lat.  >  Pep. 


la: 


faep. 


DJgt.  Lat.  ;Pep.|PisM  Lat 


Oist 


3 
4 
6 
6 
7 
G 
9 
10 


00.9 
01.8 
02.6 
03.5 
04.4 
05,3 
06.2 
07.1 
07.9 
08.8 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


09.7 
10.6 
11.5 
12.3 
13.2 
14.1 
15.0 
15.9 
16.8 
17.6 


22 
23 
24 
25 
26 
27 
28 
29 
30 


lli.b 
19.4 
20.3 
21.2 
22.0 
22.9 
23.8 
24.7 
25.6 
26.5 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


27.3 
28.2 
29.1 
30.0 
30.9 
31.7 
32.6 
33.5 
34.4 
35.3 


41  36.2 

42  37.0 

43  37.9 
38.8 
39.7 


00.5 
00.9 
01.4 
01.91 
02.41 
02.8 
03.3 
03.  S 
04.2 
04.7 


06.2 
05.7 
OG.l 
06.0 
07.1 
07.5 
08.0 
08.5 
09.0 
09.4 


6Ii 
621 
i\X 
64 
65 
66 
67 
G» 
G9i 


53.0 

55. G 
56.4 
57.3 
58.2 
59.1 
60.0 
60.9 
61.7 


09.9 
10.4 
10.8 
11.3 
11.8 
12.3 
12.7 
13.2 
13.7 
14.1 


14.61 
15. l! 
15.61 
16.0 
16.5 
17.0 
17.4 
17.9 
18.4 
18.9 


44 
45 
46 
47 
48 
49 
50 


51 
62 
63 
54 
55 
56 
57 
58 
59 
60 


40.6 
41.5 
42.3 
43.2 
44.1 


19. 3| 
19.81 
20.3 
20.7 
21.2 
21.7 
22.2 
22.6 
23.1 
23.6 


71 
72 
73 
74 
76 
76 
77 
78 
79 
80 


u- 


28.81 
29.2 
29.7; 
30. 2j 
30. 6i 
31.1 
31. Gl 
32.1 
32.5 
33. 0! 


121106.71  57.01! 
22II07.6   67.511 


23|l08.5i 
24ll09.4 
25I1IO.2 


81 
82 
63 
84 
85 
86 
87 
88 
89 
90 


91 
9: 
93 
94 
95 
96 
97 
98 
99 
100 


62.6* 
63.5 
64.4 
65.8 
66.1 
67.0 
67.9 
68.8 
69.7 
70.0 


71.4 
72.3 
73.2 
74.1 
75.0 
75.8 
76.7 
77.6 
78.5 
79.4 


101 
02 
03 
04 
05 
06 
07 
08 
09 
10 


111 
12 
13 
14 
15 
16 
17 
18 
19 
20 


80.3 
81,1 
82.0 

83.8 
84.7 
85.5 
86.4 
87.3 
88.2 


33. 


2'l 


33.9 
3-1.411 


131 
32 
33 


34. 9i 
35.4, 
35.  S; 
36.3' 
36.8' 
37.2' 
37.7' 


I     36]119.9 


35 


111.1 
112.0 
112.9 
118. Si 
114.6 


116.5 
116.4 
117.8 


34  118.2 


119.1 


58.0 
58.5 
58.9 
69. 4 
59.9 
60.3 
60.8 
61.3 


38.7 
39.11 
39.6. 
40. 1|! 

40.5,1 
41.0li 
41.51 
42.0:1 
42.41 


141 

42 
43 


120.8 
121.7 
l«.6 
128.6 


124.4 
125.2 
126.1 
44127.0 


•12.9. 

43.4 

43.8|| 

4-1.311 

44.8!! 

45.3.} 

45 

46 

46.7 

47 


89.1 
90.0 
90.8 
91.7 
92.6 
93.5 
94.4 
95.2 
96.1 
97.0 


97 
98 
99 
100 
101 
102 
103. 
104 
104 
105 


47 

48.1 

48.6 

49.0 

49.5 

60.0 

50.4 

60.9 

61.4 

61.9 


151 
52 
53 
54 
55 
66 
67 
58 
69 


161 
62 
63 
64 
65 
66 
67 
68 
69 
70 


01.8 
62.2 
62.7 
63.2 
63.6 
64.1 
64.6 
65.1 
66.6 
66.0 


127.9 
128.8 
129.6 
130.6 
131.4 
132.3 


133.2 
134.1 
134.9 
136.8 
136.7 
137.6 
138.6 
139.3 
140.3 


60141.1 


66.5 
66.9 
67.4 
67.9 
68.4 
68.8 
69.3 
69.8 
70.2 
70.7 


71.2 

71.7 

72.1 

72.6 

73.1 

73.5, 

74.0 1 

74.5 

75.0 

75.4 


13M59 
82-160 
B3!l6I 
84!  162 
85]  163 
86;  164 
87|1G4 
88!  166 
89i166 
90:167 


6|  85.3; 
6t  86.8 
4^  86.3 
86.7 
87.2, 
87 

88.2 
88.6 
71  39.1 
6!  89.6 


241 
42 


212 
213 


43  214 
44216 


19l;160.4= 
92:169.3! 
93}170.2J 
94il71.ll 
95i  172.0! 
96!l72.9| 
97J173.7I 
98;174.6| 
99:175.6 

200)176. 4! 


90.0 
90  5 
91.0 
91.5 
91.9 
92.4 
92.9 
93.3 
93.8 
94.3 


201  177.3 
1 
03179.0 

'.9i 


04 
05 
06 
07 
08 
09 


211 
12 
13 
14 


179 
180 
181 
182, 
183. 
184 


94.8 
96.2 
96.7 
9G.2 


lOjlSd 


8   96.6 
97.1 
97.6 
98.1 
-    98.6 
21  99.0 


46 


(16 


46  217 


47 


217 


48  218 
49>219 


60 


13.6 

41114. 1 

8114.6 

116.0 

15.6 

.e|ll6.0 

116.4 

116.9 

117.4 


220.5117.8 


251*221 


62 


222 


186 
187 
187 
188 


171 
72 
73 
74 
75 
76 
77 
78 
79 
6^     80 


142.0 

142.9 

143.8 

144.6 

146.6 

146.4 

147 

148.2 

149.0 

149.9 


15J189. 
190 
191 
192 


150.8 

151.7 

152.6 

153.6 

154.3 

165.2 

156. 

157.0 

157.9 

158.7 


75.9 
76.4 
76.8 
77.3 
77.8 
78.3 
78*7 
79.2 
79.7 
80.1 


80.6 
81.1 
81.6 
82.0 
82.5 
88.0 
83.4 
83.9 
84.4 
84.9 


16 

17 

18 

19198, 

20194. 


221 
22 


24 


197 


8 
23|i96.7 
6 
4 
3 
2 
1 


26198 
£6199 


200 
201 


231 
32 
33 


36 
36 
37 
88 

39 

401 


194. 
196. 


29  202. 
30202. 


203 
204 
206 


841206 
207 
208 
209 
209 
210 
211. 


1    99. 

99.9 
8100.4 

100.9; 

101.4' 
6l01.8i 
4102.3; 
8102.81 

108.2 
010S.7i 


104.2 
104.7 
105.1 
105.6 
106.1 
106.6 
107.0 
107 
01107. 9| 
8  108. 4; 


63  223.1 


224 
224 


66226 
67'226 


227 
228 


60229 


118.8 

■  2118.8 

119.5 

0119.7 

I20.t 

120.7 

121.1 

121.6 

4122.1 

.81122.6 


261;280 
62* 
65 
64 


1231 

1281. 
^232. 
66  233. 


70288.1 


271 
72 
73 


.0 
9 
8 
6 
6 
76  248.4 
3 
2 
1 
.9 


74  241 

75  242. 


77 


244. 


78246 
79246 


80 


.7  108. 9; 

6109.41 

6  109.8: 

110.3 

110.8 

ni.2: 

111.7 

9112. 2i 

112.7 

113. li 


82 


90 


291 
92 
93 
94 
95 
96 
97 
98 
99 

300 


234 
286 

286 
237 


2.128.0 

1128.6  ! 

9124.0 
124.4 
124.9 
126.4 
125.9 

4126.8 
126.8 
127.8 


239 
289. 
240. 


246 


248 


28I|247.8 
.7 
.6 
6 
861261. 8 


88249 
84260 


268 
258 


88  264 

89  264 


266.8 


256 
267 
258 

259 
260 
261 
261 
262 
263 
:64 


127.7 
128.2 
8|128.7 
129.2 
129.6 
130.1 
180.6 
131.0 
181.6 
132.0 


182.6 
182.9 
183.4 
183.9 
184.8 
2184.8 
11363 
186.8 
186.2 
136.7 


137.2 
1S7.6 
138.1 
188.6 
189.1 
139.6 
140.0 
140.6 
140.9 
141.4 


Pist  Pep.    Ut. 

N.E;b:feTiEr^ 


iPist  Pep.    Lat.    Dist.j  Pep,  f  Lat. 


Pist.'  Pep. 


Lat. 


Pist.l  Dei 


W.W.b.W.J|W.         S.W.b.WJIW.        [For 


5f 


Lot. 


Point*. 


.^.v 


TABLE  L                                            ri 

Diffecence  of  Latitude  and  Departure  for  2S  Points, 

N.N.E.}E.            N.N.W-iW.           S.S.E.?|E.             S.S.W.JW. 

iPkt 

Lac. 

Dep. 

Dist 

Lat. 

|D|.p. 

Dist 

.  I-at. 

Deo. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

1 

00. £ 

00. S 

1    ^^ 

62. i 

\   31.4 

12 

103.  £ 

62.2 

181 

155.2 

93.1 

241 

206. 1 

128.9 

% 

01 .1 

01.0 

62 

63. S 

i   31.9 

;       0C 

>  104.6 

62.7 

8S 

t 156.1 

93.6 

4'. 

207.  f 

124.4 

t 

09.( 

ei.5 

62 

64. C 

)   32.4 

i     2C 

no6.£ 

»   63.2 

8: 

5  157.C 

94.1 

43 

208.4 

124.9  1 

< 

03.-^ 

02.1 

64 

64. £ 

)   32.9 

24 

H06.4 

63.7 

8-1 

U57.a 

94. G 

44 

209.3 

126.4  : 

I 

04.: 

02.6 

6^ 

66.1: 

;    33.4 

OJ 

)  107.2 

64.3 

8: 

►158.1 

95.1 

45 

210.1 

126.0 

i 

06.1 

03.1 

6C 

66. C 

.    33. i 

2( 

i 108.1 

64.8 

8( 

159.  S 

95.6 

46 

211.0 

126.5 

1 

06.( 

08.6 

61 

57.! 

»   34.4 

2- 

n08.9 

65.3 

87 

160.4 

96.1 

47 

211.9 

127.0 

{ 

06. S 

04.1 

6fi 

68.: 

\   36.0 

2f 

(109.8 

65.8 

88 

161.3 

96.7 

^4H 

212.7 

127.6 

'    5 

€1.1 

04.6 

6S 

69.9 

i   36.5 

2« 

1110.6 

66.3 

8S 

162.1 

97.2 

49 

213.6 

128.0 

1( 

08.6 

06.1 

7C 

60. C 

>   36.0 

3C 

lll.fi 

66.8 

9C 

163. C 

97.7 

60 

214.4 

128.6 

]] 

09.4 

05.7 

1    "^l 

60. S 

36.5 

131 

112.4 

67.. 3 

191 

163. « 

98.'.; 

251 

215.3 

129.0  ' 

12 

10.3 

06.2 

72 

61. fl 

37.0 

3S 

113.2 

67.9 

92 

164.7 

98.7 

52 

216.1 

129.6 
l.'W.l 

la 

11.2 

06.7 

73 

62.6 

37.5 

3.1 

114.1 

68.4 

9J 

166.5 

99.2 

53J217.0 

14 

12.0 

07.2 

74 

63.5 

38.0 

34 

114.9 

68.9 

94 

166.4 

99.7 

54 

217.9 

130.6  ' 

n 

12.9 

07.7 

76 

64.3 

88.6 

35 

116.8 

69.  i 

95 

167.3 

100. ;j 

55 

218.7 

131.1 

u 

13.7 

08.2 

76 

65.2 

39.1 

36 

116.7 

69.9 

9C 

168.1 

100. ii 

56 

219.6 

131.6 

n 

14.6 

08.7 

77 

66.0 

39.6 

37 

117.6 

70.4 

97 

169.0 

101 .3 

67 

220.4 

132.1 

18 

16.4 

09.3 

78 

66.9 

40.1 

38 

118.4 

70.9 

98 

169.8 

101.  K 

58 

221.5 

l.>2.6 

IS 

16.3 

09.8 

79 

67.8 

40.6 

39 

119.2 

71.5 

99 

170.7 

102.3 

59 

222 . 2 

13,3.2 

2(1 

17.2 

10-3 

80 

68.6 

41.1 

40 

120.1 

72.0 

200 

171.5 

102.  r. 

CO 

223.0 

133.7 

il 

18.0 

10.8 

81 

69.5 

41.6 

1   141 

120.9 

72.5 

201 

172.4 

103.3 

261 

223.9 

i;u.2  ! 

22 

18.9 

11.3 

82 

70.3 

42.2 

42 

121.8 

73.0 

02 

173.3 

103.8 

62 

224.7 

134.7  . 

23 

19.7 

11.8 

83 

71.2 

42.7 

43 

122.7 

73.5 

OS 

174.1 

104.4 

63 

225.6 

135.2 

24 

20.6 

12.3 

84 

72.0 

43.2 

44 

123.5 

74.0 

04 

176.0 

104.9 

64 

226.4 

135.7  ' 

25 

21.4 

12.9 

86 

72.9 

43.7 

45 

124.4 

74.5 

05 

175.8 

105.4 

65 

i'27.3 

136.2  ; 

26 

22.3 

13.4 

86 

73.8 

44.2 

4^ 

125.2 

76.1 

0(. 

176.7 

105.9 

66 

22f5.2  136.8  '  < 

27|  23.2 

13.9 

87 

74.6 

44.7 

47 

126.1 

75. G 

07 

177.5 

106,4 

67 

229.0  137.3  : 

2« 

24.0 

14.4 

88 

76.5 

46.2 

ie 

126.9 

76.1 

08 

178.4 

106.9 

08 

229.9  137.8  : 

29 

24.9 

14.9 

89 

76.3 

46  8 

49 

127.8 

76.6 

09 

179.3 

107.4 

69 

230.7 

138.3  ; 

30 

26.7 

15.4 

90 

77.2 

46.3 

60 

128.7 

77.1 

10 

180.1 

108.0 

70 

231.6 

138.8 

31 

26.6 

16.9 

91 

78.1 

46.8 

15J 

129.5 

77.6 

211 

181.0 

108.5 

271 

232.4 

139.3  » 

32 

27.4 

16.5 

92 

78.9 

47.3 

52 

130.4 

78.1 

12 

181.8 

109.0 

72 

2.33.3 

139.8  : 

33 

28.3 

17.0 

93 

79.8 

47.8 

63 

131.2 

78.7 

13 

18iJ.7 

109.5 

7.1 
74 

234.2 

140.4   ; 

34 

29.2 

17.6 

94 

80.6 

48.3 

54 

132.1 

79. 2j 

14 

183.6 

110.0 

235.0 

140.9  . 

35 

30.0 

18.0 

95 

81.5 

48.8 

55 

132.9 

79.71 

15 

184.4 

110.5 

75 

235.9 

141.4 

3G 

30.9 

18.5 

96 

82.3 

49.4 

5t; 

133.8 

80.2, 

16 

185.3 

111.0 

7(i 

236.7 

141.9  ' 

37 

31.7 

19.0 

97 

83.2 

49.9 

67 

134.7 

80. 7| 

17 

186.1 

111.6 

77 

237.6 

142  4 

38 

32.6 

19.6 

98 

8*1.1 

60.4 

68 

135.6 

81.2 

18 

187.0 

112.1 

78 

238.4 

142.9 

39 

33.6 

20.1 

99 

84.9 

50.9 

69 

136.4 

81.7 

19 

187.8 

112.6 

79 

239.3 

143.4  , 

40 

34.3 

20.6 

100 

86.8 

51.41 

60 

137.2 

82.3 

20 

188.7 

113.1 

80 

240.2 

143.9 

41 

36.2 

21.1 

101 

86.6 

51.9 

161 

138.1 

82.8 

221 

189.6 

113.6 

281 

241.0 

144.5  , 

42 

36.0 

21.6 

02 

87.5 

52.41 

62 

139.0 

83.3 

22 

190.4 

114.1 

82 

241.9 

145.0  ' 

43 

36.9 

22.1 

03 

88.3 

63.0, 

63 

139.8 

83.8 

23 

191.3 

114.6 

83 

242.7 

145.5  : 

44 

37.7 

22.6 

04 

89.2 

63.5 

64 

140.7 

84.3 

24 

192.1 

115.2 

84 

243.6 

146.0  i 

45 

38.6 

23.1 

05 

90.1 

54.0 

65 

141.5 

84.8 

25 

193.0 

115.7 

85 

244.6 

146.6  • 

46 

S9.5 

23.6 

06 

90.9 

64.5 

66 

142.4 

85.3 

26 

193,8 

116.2 

86 

246.8 

147.0  1 

47 

40.3 

24.2 

07 

91.8 

66.0 

67 

143.2 

85.9 

27 

194.7 

116.7 

87 

246.2 

147.6  ' 

48 

41.2 

24.7 

08 

92.6 

65.6 

68 

144.1 

86.41 

20 

195.6 

117.2 

88 

247.0 

146.1  1 

49 

42.0 

25.2 

09 

93.6 

56.0 

69 

145.0 

86.91 

29 

196.4 

117.7 

89 

247.9 

148.6  ; 

60 

42.9 

26.7 

10 

94.4 

66.6 

70  145.8| 

87.4 

30 

197.3 

118.2 

90 

248.7 

149.1  • 

61 

43.7 

26.2 

111 

96.2 

67.1 

171 

146.7 

87.9 

231 

198.1  118.811 

291 

249.6 

149.6  \ 

62 

44.6 

26.7 

12 

96.1 

67.6 

72 

147.6 

88.4 

32 

199.0 

119.3 

92 

250.6 

160.1 

63 

46.6 

27.2 

13   96.9 

68.1 

73 

148.4 

88.9 

33 

199.9 

119.8 

93 

261.3 

160.6  1 

64 

46.3 

27.8 

14   97.8 

68.6 

74 

149.2 

89.5 

34 

200.7 

120.3 

94 

262.2 

161.1  i 

66 

47.2 

28.3 

16   98.6 

69.1 

76 

160.1 

90.0 

85 

201.6 

120.8 

96 

263.0 

161.7  , 

66 

48*.  0 

28.8 

16    99.6 

69.6 

76 

161.0 

90.6 

36 

202.4>121.3|| 

96 

i63.9 

162.2 

67 

48.9 

29.3 

17100.4 

60.2 

77 

161.8 

91.0 

37 

203. 3!  121,811 

97 

264.7 

162.7 

68 

49.7 

29.8 

18101.2 

60.7 

78 

162.7 

91.6 

38 

204.1 

122.4 

98 

266.6 

168.2  1 

69 

60.6 

30.3 

19102.1 

61.2 

791 

63.6 

92.0 

39 

205. 0 

122.9 

99 

256.6 

163.7  1 

60 

61.6   30.8|| 

20102.9 

61.7 

80] 

[64.4 

92.6 

40 

205.9 

123.4 

300 

257.8 

164.2  j 

Dial.  ] 

>ep.    Lat.  Ilj 

WsUDep. 

Lat.  llDiit.l 

Dep. 

Lat. 

Di»t. 

Dep. 

Lat. 

Dist. 

Dep. 

Lat.    , 

N.E.bX.iE.           SJ:j>.£.i 

E.           N.W.b,W  4W.      S.\V.b.W.iW.          [For  fij  Points. .  | 
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' 

TABLE  L 

Difference  of  Latitude  and  Departure  for  3  Points. 

N.E.b.N 

N.W.b.N.                 S.E.b.S 

S.W.b.S 

1 

Dist.i  Lat, 

Dep. : 

DLst. 

Lat.  i  Dep. ! 

Dist. 

Lat. 

Dep. 

Dist.f  Lat. 

Dep. 

Dist.[  Lat 

Dep. 

1 

00.8 

00. 6j 

61 

50.7 

33.9 

121 

iOO.O 

67.2 

181 

150.5 

100.6 

241 

200.4 

133.9 

2 

01.7 

01.  ll 

62 

51.6 

34.4 

22 

101.4 

67.8 

82 

161.3 

101.1 

42 

201.2 

134.4 

3 

02.5 

01.71 

63 

52.4 

35.0 

23 

102.3 

68.3 

83 

152.2 

101.7 

43 

202.0 

135.0 

4 

03.3 

02.2! 

61 

53.2 

35.6 

24 

103.1 

68.9 

84 

168.0 

102.2 

44i202.9 

135.5 

5 

04.2 

02. 8i 

65 

54.0 

36.1, 

25 

103.9 

§9.4 

86 

163.8 

102.8 

46'203.7 

136.1 

6 

05.0 

03.3! 

66 

54.9 

36.7 

26 

104.8 

70.0 

86 

164.7 

103.3 

40204.5 

136.7 

7 

05.8 

03.9 

67 

.55.7 

37.2 

27 

105.6 

70.6 

87 

155.5 

103.9 

47205.4 

137.2 

8 

06.7 

04.4 

68 

56.6 

37.8 

28 

106.4 

71.1 

88 

166.3 

104.4 

481206.2 

137.8 

9 

07.5 

05.0 

69 

57.4 

38.3 

29 

107.3 

71.7 

89 

157.1 

106.0 

49207.0 

60  207.9 

1 — . — 

138.3 

10 

08.3 

05. G 

70 

58.2 

38.9 

30 

108.1 

72.2 

90 

168.0  106.6 

138.9 

11 

09.1 

06.1 

71 

59.0 

39.4 

131 

108.9 

72.3 

191 

168.8 

106.1 

26l|208.7 

J39.4 

12 

10.0 

06.7 

72 

69.9 

'M).0 

32 

109.8 

73.3 

92 

169.6 

106.7 

62 

209.5 

140.0 

13 

10.8 

07.2 

.  73 

60.7 

40.6 

33 

110.6 

73,9 

93 

100.6 

107.2 

53 

210.4 

140. 6 

H 

11.6 

07.8 

74 

61.6 

41.1 

34 

111.4 

74.4 

94 

161.3 

107.8 

54 

211.2 

141.1 

15 

12.5 

08.3 

75 

62.4 

41.7 

35 

112.2 

75.0 

95 

162.1 

108.3 

66 

212.0 

141.7 

16 

13.3 

08.9 

70 

63.2 

42.2 

36 

113.1 

75.6 

96 

163.0 

108.9 

66212.9 

142.2  : 

17 

14.1 

09.4 

77 

64.0 

42.8 

37 

113.9 

76.1 

97 

103.8 

109.4 

57 

213.7 

142.8 

18 

15.0 

10.0 

73 

64.9 

43.3 

38 

114.7 

76.7 

98 

104.6 

iio.o 

58 

214.5 

143.3 

19 

15.8 

10.6 

79 

66.7 

43.9 

39 

115.0 

77.2 

99 

165.5 

110.6 

59  215.4 

143.9 

20 

16.6 

11. 1» 

PA) 

06. 6 

41.4 

40 

116.4 

77.}? 

200 

100.3 

111.1 

60 
261 

216.2 

144.4 

2i 

17.6 

11.7 

81 

07.3 

46.0 

IH 

117. tJ 

78.. 'i 

201 

107.1 

111.7 

217.0 

145.0 

22 

18.3 

12.2 

82 

68.2 

45.0 

42 

118.1 

78.9 

02 

)68.0 

112.2 

621217. 8 

145.5 

23 

19.1 

12.8 

83 

09.0 

46.1 

43 

118.9 

79. -1 

03 

103.8 

112.8 

63|218.7 

146.1  • 

24 

20.0 

13.3 

8i 

69.8 

46.7 

4^1 

119.7 

80.  G 

04 

109.0 

113.3 

64 

219.5 

146.7 

25 

20.8 

13.9 

80 

70.7 

47.2 

46 

120.6 

80.6 

ori 

170.6 

113.9 

66 

220.3 

147.2 

26 

21.6 

14.4 

86 

71.5 

47.8 

40 

121.4 

81.1 

06 

171.3 

114.4 

66 

221.2 

147.a 

27 

22.4 

15.0 

87 

72.3 

40.3 

47 

122.2 

81.7 

07 

172.1 

116.0 

67 

222.0 

148.3  ' 

23 

23.3 

15.6 

82 

73.2 

48.9 

48 

123.1 

82.2 

08 

172.9 

115.6 

68 

222.8 

148.9  ; 

29 

24.1 

16.1 

89 

74.0 

49.4 

49 

123.9 

82.8 

09 

173.8 

116.1 

69223.7 
70J224.5 

149.4 

30 

24.9 

16.7 

90 

74.8 

50.0 

50 

124.7 

83.3 

10 

174.0 

n6.7 

150.0 

31 

25.8 

17.2 

91 

75.7 

50.6 

151 

125.6 

83.9 

211 

175.4 

117.2 

271:225.3 

150.5 

32 

26.6 

17.8 

92 

70.5 

61.1 

52 

126.4 

84.4 

12 

176.3 

117.8 

72  226. « 

151.1 

33 

27.4 

18.3 

93 

77.3 

51.7 

53 

127.2 

85.0 

13 

177.1 

118.3 

732^7.0 

151. 7 

34 

28.3 

18.9 

94 

78.2 

52.2 

54 

128.0 

85.6 

14 

177.9 

118.9 

74227.8 

152.2 

35 

29.1 

19.4 

95 

79.0 

52.8 

65 

li>3.9 

86.1 

16 

178.8 

119.4 

75  228.7 

152,8 

36 

29.9 

20.0 

96 

79.8 

53.3 

50 

129.7 

86.7 

16 

179.0 

120.0 

76229.6 
771230.3 

153.S 

37 

30.8 

20.6 

97 

80.7 

53.9 

57 

130.6 

87.2 

17 

180.4 

120.6 

153.9 

38 

31.6 

21.1 

98 

81.5 

54.4 

58 

131.4 

87.8 

18 

181.3 

121.1 

78  231.1 

154.4 

39 

32.4 

21.7 

99 

82.3 

55.0 

59 

132.2 

88.3 

19 

182.1 

121.7 

79  232.0 

155.0 

40 

33.3 

.22.2 

100 

83.1 

55.6 

00 

133.0 

88.9 

20 

182.9 

122.2 

80232.8 

155.5  1 

4J 

34.1 

22.8 

101 

84.0 

56.1 

161 

133.9 

89.4 

221 

183.8 

122.8 

281233.6 

156.1  ; 

42 

34.9 

23.3 

02 

84.8 

56.7 

62 

134.7 

90.0 

22 

184.6 

123.3 

82  234.5 

156.7  1 

43 

35.8 

23.9 

03 

85.6 

57.2 

63 

135.5 

90.5 

23 

185.4 

123.9 

83  235.3 

157.2 

44 

36.6 

24.4 

04 

86.5 

57.8 

64 

136.4 

91.1 

24 

186.2 

124.4 

84 

236.1 

157.8 

45 

37.4 

25.0 

05 

87.3 

58.3 

65 

137.2 

91.7 

25 

187.1 

125.0 

85 

237.0 

158.3 

46 

38.2 

25.6 

06 

88.1 

58.9 

66 

i38.0 

92.2 

26 

187.9 

125.5 

86 

237.8 

158.9 

47 

39.1 

26.1 

07 

89.0 

59.4 

67 

138.9 

92.8 

27 

188.7 

126.1 

87 

238.6 

159.4 

48 

39.9 

26.7 

OS 

89. C 

60.0 

68 

139.7 

93.3 

28 

189.6 

126.7 

88 

239.5 

160.0 

49 

40.7 

27.2 

09 

90.6 

60.6 

69 

140.5 

93.9 

29 

190.4 

127.2 

89 

240.8 

160.5 

50 

41.6 

27. 8| 

10 

91.5 

61.1 

70 

141.3 

94.4 

30 

191.2 

127.8 

90 

241.1 

161.1 

51 

42.4 

28.3, 

111 

92.3 

61.7 

171 

142.2 

95.0 

231 

192.1 

128.3 

291 

242.0 

161.7 

52 

43.2 

28.9] 

12 

93.1 

62.2 

72 

143.0 

95.5 

32 

192.9 

128.9 

92 

242.8 

162.2 

53 

44.1 

29. 4| 

13 

94.0 

62.8 

73 

143.8 

96.1 

33 

193.7 

129.4 

93|243.6 

162.8 

54 

44.9 

30. Ol 

14 

94.8 

63.3 

74 

144.7 

96.7 

34 

194.6 

130.0 

94i244.6 

163.3 

55 

45.7 

30.6* 

15 

96.6 

63.9 

76 

145.6 

97.2 

35 

195.4 

130.5 

95 

245.3 

163.9  . 

66 

46.6 

31.1! 

16 

96.6 

64.4 

76 

146.3 

97.8 

36 

196.2 

131.1 

96 

246.1 

164.4  , 

57 

47.4 

31.7! 

17 

97.3 

65.0 

77 

147.2 

98.3 

37 

197.1 

131.7 

97 

246.9 

165.0  . 

165.5 

166.1 

58 

48.2 

32.2 

18 

98.1 

65.5 

78 

148.0 

98.9 

38 

197.9 

132.2 

98!247.8 

69    49.1 

32.8 

19 

98.9 

66.1 

79 

148.8 

99.4 

39 

198.7 

132.8 

99  248.6 

60    49.9 

33.3 

20 

99.8 

66.7 

80 

149.7 

IOO.O 

40 

199.6 

133.3 

300l«49.4 

166.7     . 

)ist.  Dep. 

Lilt. 

Diat 

De, 

P 

Lat. 

Dist. 

Dep  J  Lat.  1 

Dbt. 

Dep. 

Lat. 

Dist.i  Dap. 

l^t.       1 

£ 

I.£.bJB. 

8.E. 

b.E. 

W.W.b.W. 

b..W.b.W.   ' 

[For  5  Points,    j 

TABLE  L 

IS 

DiflTereoce  of  Latitnde  and  Departure  for  Si  Points.                      j 

nj:.in 

N.W.|N.                 S.E4S 

S.W.|S.                             1 

Dkt 

Lat 

Dcp. 

Dirt. 

Lat 

Dep. 

Dist 

Lat. 

Dep. 

Dbt. 

TitT 

Dep. 

Dist. 

Lat 

Dep. 

1 

00.3 

00.6 

61 

49. 0 

36  .'3 

121 

97.2 

72.1 

181 

145.4 

107.8 

241 

193.6 

143.6 

i 

01.6 

01.2 

62 

49.8 

36.9 

22 

98.0 

72.7 

82 

146.2 

108.4 

42 

194.4 

144.2 

9 

02.4 

01. S 

63 

50.6 

37.5 

23 

98.8 

73.3' 

83 

147.0 

109.0 

43 

195.2 

144.8 

4 

03.2 

02.4 

64 

51.4 

38.1 

1     24 

99.6 

73.9 

84 

147.8 

109.6 

44 

196. C 

146.4 

6 

04.0 

03.0 

65 

52.2 

38.7 

25 

100.4 

74.5 

85 

148.6 

110.2 

45 

196.8 

145.9 

6 

04.8 

03.6 

66 

53.0 

39.3 

26 

101.2 

75.1 

86 

149.4 

110.8 

46 

197.6 

146.6 

7 

05.6 

04.2 

67 

53.8 

39.9 

'     27 

102.0 

75.7 

87 

150.2 

111.4 

47 

198.4 

147.1 

8 

06.4 

04.8 

68 

54.6 

40.5 

!     28 

102.8 

76.2 

88 

161.0 

112.0 

48 

199.2 

147.7  ; 

9 

07.2 

05.4 

69 

55.4 

41.1 

29 

103.6 

76.8 

89 

151.8 

112.6 

49 

200.0 

148.3 

10 

08.0 

06.0! 

70 

56.2 

41.7 

I    30 

104.4 

77.4 

90 

152.6 

113.2 

50 

200  8 

148.9 

11 

08.8 

06.6 

71 

57.0 

42.3 

j  131 

105.2 

78.0 

191 

153.4 

113.8 

251 

201.6 

149.5 

12 

09.6 

07.1' 

72 

57.8 

42.9 

32 

106.0 

78.6 

92 

154.2 

114.4 

52 

202.4 

150.1 

13 

10.4 

07.7 

73 

58.6 

43.5 

33 

106.8 

79.2 

93 

155.0 

115.0 

53 

203.2 

160.7 

U 

11.2 

08.3 

74 

59.4 

44.1 

1     ^ 

107.6 

79.8 

94 

155.8 

115.6 

54 

204.0 

151.3 

15 

12.0 

08.9 

75 

60.2 

44.7 

35 

108.4 

80.4 

95 

156.6 

116.2 

55 

204.8 

151  9 

16 

12.9 

09.5 

76 

61.0 

45.3 

36 

109.2 

81.0 

96 

157.4 

116.8 

56 

205.6 

152.6 

17 

13.7 

10.1 

77 

61.8 

45.9 

37 

110.0 

81.6 

97 

158.2 

117.4 

57 

206. i 

153.1 

18 

14.5 

10.7 

78 

62.7 

46.5 

38 

110.8 

82.2 

98 

159.0 

117.9 

58 

207.2 

153.7 

19 

15.3 

11.3 

79 

63.5 

47.1 

39 

111.6 

82.8 

99 

159.8 

118.5 

59 

208.0 

154.3 

20 

16.1 

11.9 

80 

64.3 

47.7 

40 

112.4 

83.4 

200 

160.6 

119. li 

60 

208.8 

154.9 

21 

16.9 

12.5 

81 

65.1 

48.3 

141 

113.3 

84.0 

1  201 

161.4 

119.7' 

261 

209.6 

155.5 

SS 

17.7 

13.1 

82 

65.9 

48.8 

42 

114.1 

84.6 

02 

162.2 

120.3; 

62 

210.4 

156.1 

X3 

18.5 

13.7 

83 

66.7 

49.4 

43 

114.9 

85.2 

!    03 

163.1 

120.9, 

63 

211. 2 

156.7 

14 

19.3 

14.3 

'     C4 

67.5 

50. fi 

44 

115.7 

85.8 

04 

163.9 

121.5' 

64 

212.0 

157.3 

25 

20.1 

14.9 

85 

68.3 

50.6 

45 

116.5 

86.4 

Ob 

164.7 

122.1; 

60 

212.8 

157.9 

26 

20.9 

15.5 

86 

69.1 

51  S 

46 

117.3 

87.0 

06 

165.5 

122.7' 

66 

213.7 

158.6 

27 

21.7 

16.1 

87 

69.9 

51.8 

47 

118.1 

87.6 

07 

166.3 

123.3: 

67 

214.5 

169.1 

28 

22.5 

16.7 

88 

70.7 

52.4 

48 

118.9 

88.2 

03 

167.1 

123.9 

68 

215.3 

169.6 

29 

23.3 

17.3 

89 

71.5 

53.0 

49 

119.7 

88.8 

09 

167.9 

124.5 

69 

216.1 

160.2 

90 

24.1 

17.9 

90 

72.3 

53.6 

50 

120.5 

89.4 

10 

168.7 

125.1 

70 

216.9 

160.8 

31 

24.9 

18.5 

91 

73.1 

54.2 

151 

121.3 

90.0 

211 

169.5 

125.7 

271 

217.7 

161.4 

32 

25.7 

19.1 

92 

73.9 

54.8 

52 

122.1 

90.5 

12 

170.3 

126.3 

72 

218.5 

162.0 

33 

26.5 

19.7 

93 

74.7 

55.4 

63 

122.9 

91.1 

13 

171.1 

126.9 

73 

219.3 

162.6 

34 

27.3 

20.3 

94 

75.5 

56.0 

54 

123.7 

91.7 

14 

171.9 

127.5 

74 

220.1 

163.2 

35 

28.1 

20.8 

95 

76.3 

56.6 

55 

124.5 

92.3 

15 

172.7 

128.1- 

75 

220.9 

163.8 

36 

28.9 

21.4 

96 
97 

77.1 

57.2 

56 

125.3 

92.9 

16 

173.5 

128.7: 

76 

221.7 

164.4 

37 

29.7 

22.0 

77.9 

57.8 

57 

126.1 

93.5 

17 

174.3 

129.3 

77 

222.5 

166.0 

38 

30.5 

22.6 

98 

78.7 

58.4 

58 

126.9 

94.1 

18 

175.1 

129.9 

78 

223.3 

165.6 

39 

31.3 

23.2 

99 

79.5 

59.0 

59 

127.7 

94.7 

19 

175.9 

130.5 

79 

224.1 

166.2 

40 

32.1 

23.8 

100 

80.3 

59.6 

60 

128.5 

95.3 

20 

176.7 

131.1 

80 

224.9 

166.8 

!       41 

32.9 

24.4 

101 

81.1 

60.2 

161 

129.3 

95.9 

221 

177.5 

131.6 

281 

225.7 

167.4 

42 

33.7 

25.0 

02 

81.9 

60.8 

62 

130.1 

96.5 

22 

178.3 

132.2 

82 

226.5 

168.0 

43 

34.5 

25.C 

03 

82.7 

61.4 

63 

130.9 

97.1 

23 

179.1 

132.8 

83 

227.3 

168.6 

44 

35.3 

26.2 

04 

83.5 

62.0 

64 

131.7 

97.7 

24 

179.9 

133.4 

84 

228.1 

169.2 

45 

36.1 

26.8 

05 

84.3 

62.5 

65 

132.5 

98.3 

25 

180.7 

134.0 

85 

228.9 

169.8 

46 

36.9 

27.4 

06 

85.1 

63.1 

66 

133.^ 

98.9 

26 

181.5 

134.6 

86 

229.7 

170.4 

47 

37.8 

28.0 

07 

86.^ 

63.7 

67 

134.1 

99.5 

27 

182.3 

135.2 

87 

230.5 

171.0 

48 

38.6 

28.6 

08 

86.7 

64.3 

68 

134.9 

100.1 

28 

183.1 

135.8 

88 

231.3 

171.6 

49 

39.4 

29.2 

09 

87.5 

64.9 

69 

135.7 

100.7 

29 

183.9 

136.4 

89 

232.1 

172.2 

M 

40.2 

29.8 

110 

88.4 

65.5 

70 

136.5 

101.3 

30 

134.7 

137.0 

90 

232.9 

172.8 

51 

41.0 

30.4 

111 

89.2 

66.1 

171 

137.3 

101.9 

231 

185.5 

137.6, 

291 

233.7 

173.3 

62 

41.8 

31.0 

12 

90.0 

66.7 

72 

138.2 

102.5 

32 

186.3 

138.2 

92 

234.5 

173.9 

53 

42.6 

31.6 

13 

90.8 

67.3 

73 

139.0 

103.1 

33 

187.1 

138.8 

93 

235.3 

174.6 

54 

43.4 

32.2 

14 

91.6 

67.9 

74 

139.8 

103.7 

34 

188.0 

139.4 

94 

236.1 

176.1 

55 

44.2 

32.8 

15 

92.4 

68.5 

75 

140.6 

104.2 

35 

188.8 

140.0 
140.6' 

95 

236.9 

176.7 

56 

45.0 

33.4 

16 

93.2 

69.1 

76 

141.4 

104.8 

36 

189.^ 

96 

237.7 

176.3 

67 

45.8 

34.0 

17 

94.0 

69.7 

77 

142.2 

105.4 

37 

190.4 

141.2, 

97 

238.6 

176.9 

58 

46.6 

34.6 

18 

94.8 

70.3 

78 

143.0 

106.0 

38 

191.2 

141.8, 

98 

239.4 

177.6 

69 

47.4 

35.1 

19 

95.6 

70.9 

79 

143.8 

106.6 

39 

192.0 

142.4 

99 

240.2 

178.1 

60 

48.2 

35.7 

20 

964 

71.5 

80 

144.6 

107.2 

!    40 

192.8 

143.0 

300 

241.0 

178.7 

btat. 

Dep. 

Lat. 

Dist 

Dep. 

Lat 

Dist. 

Dep. 

Lat. 

D5t 

Dep. 

I^ti 

Dist 

Dep. 

Lat. 

ff.£.|£. 

^£A^, 

N.W.|W. 

S.W|.W.             [For  44  Point*.    | 
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TABLE  L 

-    -■•Wl 

Difference  of  Latitude  and  Departure  for  Sft  Points. 
NJE.iN.              N.W4N.                SX^S.                 S.W4S. 

|f>i8t|  Lat. 

Dep. 

Dbt 

Lat 

Dep. 

bUt 

Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

Diit. 

Lat 

Dep. 

1 

00.8 

00.6 

61 

47.2 

38.7 

121 

98.6 

76.8 

181 

139.9 

114.8 

241 

186. 3i 

152.9 

S 

01.5 

01.3 

62 

47.9 

39.3 

22 

94.3 

77.4 

82 

140.7 

116.5 

42 

187.1 

163.6 

3 

02.S 

01.9 

63 

48.7 

40.0 

23 

96.1 

78.0 

83 

141.5 

116.1 

43 

187.8 

164.2 

4 

03.1 

02.5 

64 

49.5 

40.6 

24 

96.9 

78.7 

84 

142.2 

116.7 

44 

188.6 

164.8 

5 

03.9 

03.2 

66 

60.2 

41.2 

26 

96.6 

79.3 

143.0 

117.4 

46 

189.4 

166.4 

6 

04.6 

03.8 

66 

61.0 

41.9 

26 

97.4 

79.9 

86 

143.8 

118.0 

46 

190.2 

166.1 

7 

05.4 

04.4 

67 

51.8 

42.5 

27 

98.2 

80.6 

87 

144.6 

118.6 

47 

190.9 

156.7 

8 

06.2 

06.1 

68 

62.6 

43.1 

28 

98.9 

81.2 

88 

146.3 

119.3 

48 

191.7 

157.3 

9 

07.0 

05.7 

69 

53.3 

43.8 

29 

99.7 

81.8 

89 

146.1 

119.9 

49 

192.5 

158.0 

10 

07.7 

06.3 

70 

64.1 

44.4 

30 

100.6 

82.6 

90 

146.9 

120.5 

60 

193.3 

158.6 

U 

08.5 

07.0 

71 

64.9 

46.0 

131 

101.3 

83.1 

191 

147.6 

121.2 

251 

194.0 

169.2 

12 

09.3 

07.6 

72 

56.7 

46.7 

32 

102.0 

83.7 

92 

148.4 

121.8 

62 

194.8 

159.9 

IS 

10.0 

08.2 

73 

56.4 

46.3 

33 

102.8 

84.4 

93 

149.2 

122.4 

53 

196.6 

160.6 

14 

10.8 

08.9 

74 

57.2 

46.9 

34 

103.6 

85.0 

94 

150.0 

123.1 

64 

196.3 

161.1 

15 

11.6 

09.5 

75 

58.0 

47.6 

35 

104.4 

86.6 

96 

150.7 

123.7 

65 

197.1 

16^.8 

16 

12.4 

10.2 

76 

68.7 

48.2 

36 

106.1 

86.3 

96 

161.5 

124.3 

66 

197.9 

162.4 

17 

13.1 

10.8 

77 

69.6 

48.8 

37 

106.9 

86.9 

97 

152.3 

126.0 

87 

198.7 

163.0 

18 

13.9 

11.4 

78 

60.3 

49.6 

38 

106.7 

87.5 

98 

153.1 

126.6 

58 

199.4 

163.7 

19 

14.7 

12.1 

79 

61.1 

60.1 

39 

107.4 

88.2 

99 

163.8 

126.2 

69 

200.2 

164.3 

80 

15.6 

12.7 

80 

61.8 

60. ^ 

40 

108.2 

88.8 

200 

164.6 

126.9 

60 

201.0 

164.9 

21 

16.2 

13.3 

81 

62.6 

61.4 

141 

109.0 

89.4 

201 

156.4 

127.5 

261 

201.8 

165.6 

22 

17.0 

14.0 

82 

63.4 

52.0 

42 

109.8 

90.1 

02 

156.1 

128.1 

62 

202.6 

166.2 

23 

17.8 

14.6 

83 

64.2 

62.7 

43 

110.6 

90.7 

03 

156.9 

128.8 

63 

203.3 

166.8 

24 

18.6 

16.2 

84 

6^4.9 

53.3 

44 

111.3 

91.4 

04 

157.7 

129.4 

64 

204.1 

167.6 

2* 

19.8 

15.9 

85 

66.7 

63.9 

46 

112.1 

92.0 

05 

158.5 

130.1 

G6 

204.8 

168.1 

26 

20.1 

16.6 

86 

66.6 

64.6 

46 

112.9 

92.6 

06 

159.2 

130.7 

66 

206.6 

168.7 

27 

20.9 

17.1 

87 

67.3 

65.2 

47 

113.6 

93.3 

07 

160.0 

131.3 

67 

206.4 

169.4 

28 

21.6 

17.8 

88 

68.0 

66.8 

48 

114.4 

93.9 

08 

160.8 

132.0 

68 

207.2 

170.0 

29 

22.4 

18.4 

89 

68.8 

56.5 

49 

115.2 

94.6 

09 

161.6 

132.6 

69 

207.9 

170.7 

SO 

23.2 

19.0 

90 

69.6 

67.1 

60 

116.0 

95.2 

10 

162.3 

133.2 

70 

208.7 

171.3 

31 

24.0 

19.7 

91 

70.3 

67.7 

161 

116.7 

95.8 

211 

163.1 

133.9 

271 

209.6 

171.9 

32 

24.7 

20.3 

92 

71.1 

68.4 

52 

117.6 

96.4 

12 

163.9 

134.6 

72 

210.3 

172.6 

S3 

25.6 

20.9 

93 

71.9 

59.0 

63 

118.3 

97.1 

13 

164.7 

136.1 

73 

211.0 

173.2 

34 

26.3 

21.6 

94 

72.7 

69.6 

54 

119.0 

97.7 

14 

165.4 

135.8 

74 

211.8 

173.8 

36 

27.1 

22.2 

95 

73.4 

60.3 

66 

119.8 

98.3 

16 

166.2 

136.4 

75 

212.6 

174.6 

36 

27.8 

22.8 

96 

74.2 

60.9 

66 

120.6 

99.0 

16 

167.0 

137.0 

76 

213.4 

176.1 

37 

28.6 

23.6 

97 

76.0 

61.6 

67 

121.4 

99.6 

17 

167.7 

137.7 

77 

214.1 

175.7 

38 

29.4 

24.1 

98 

76.8 

62.2 

58 

122.1 

100.2 

18 

168.6 

138.3 

78 

214.9 

176.4 

39 

30.1 

24.7 

99 

76.6 

62.8 

69 

122.9 

100.9 

19 

169.3 

138.9 

79 

216.7 

177.0 

40 

30.9 

25.4 

100 

77.3 

63.4 

60 

123.7 

101.6 

20 

170.1 

139-6 

80 

216.4 

177.6 

41 

31.7 

26.0 

101 

78.1 

64.1 

161 

124.5 

102.1 

221 

170.8 

140.2 

281 

217.2 

178.3 

42 

32.5 

26.6 

02 

78.8 

64.7 

62 

125.2 

102.8 

22 

171.6 

140.8 

82 

218.0 

178.9 

43 

33.2 

27.3 

03 

79.6 

66.3 

63 

126.0 

103.4 

23 

172.4 

141.5 

83 

218.8 

179.6 

44 

34.0 

27.9 

04 

80.4 

66.0 

64 

126.8 

104.0 

24 

173.2 

142.1 

84 

219.6 

180.2 

45 

34.8 

28.6 

05 

81.2 

66.6 

66 

127.6 

104.7 

25 

173.9 

142.7 

86 

220.3 

180.8 

46 

35.6 

29.2 

06 

81.9 

67.2 

66 

128.3 

106.3 

26 

174.7 

143.4 

86 

221.1 

181.4 

47 

36.3 

29.8 

07 

82.7 

67.9 

67 

129.1 

103.9 

27 

176,5 

144.0 

87 

221.9 

182.1 

48 

37.1 

30.5 

08 

83.6 

68.6 

68 

129.9 

106.6 

28 

176.2 

144.6 

88 

222.6 

182.7 

49 

37.9 

31.1 

09 

84.3 

69.1 

69 

130.6 

107.2 

29 

177.0 

145.3 

89 

223.4 

183.3 

50 

38.7 

31.7 

10 

86.0 

69.8 

70 

131.4 

107.8 

30 

177.8 

145.9 

90 

224.2 

184.0 

51 

39.4 

32.4 

111 

85.8 

70.4 

171 

132.2 

108.6 

231 

178.6 

146.5 

291 

224.9 

184.6 

52 

40.2 

33.0 

12 

86.6 

71.1 

72 

133.0 

109.1 

32 

179.3 

147.2 

92 

226.7 

186.2 

53 

41.0 

33.6 

13 

87.4 

71.7 

73 

133.7 

109.8 

33 

180.1 

147.8 

93 

226.6 

186.9 

54 

41.7 

34.3 

14 

88.1 

72.3 

74 

134.5 

110.4 

34 

180.9 

148.4 

94 

227.3 

186.6 

55 

42.5 

34.9 

16 

88.9 

73.0 

76 

135.3 

111.0 

36 

181.7 

149.1 

96 

228.0 

187.1 

56 

43.3 

36.5 

16 

89.7 

73.6 

76 

136.0 

111.7 

36 

182.4 

149.7 

96 

228.8 

187.8 

57 

44.1 

36.2 

17 

90.4 

74.2 

77 

136.8 

112.3 

37 

183.2 

160.4 

97 

229.6 

188.4 

58 

44.8 

36.8 

18 

91.2 

74.9 

78 

137.6 

112.9 

38 

184.0 

151.0 

98 

230.4 

189.0 

69 

45.6 

37.4 

19 

92.0 

75.6 

79 

138.4 

113.6 

39 

184.7 

161.6 

99 

231.1 

189.7 

60 

46.4 

88.1 

20 

92.8 

76.1 

80 

139.1 

114.2 

40186.6 

152.3 

300 

231.9 

190.3 

Dist 

Dep. 

TsrI 

Dbt. 

Dep.l 

Lat.  I'DittJ 

Dep. 

Lat. 

Dist.'  Dep. 

"EST 

\SSD 

Dep. 

Lat 

£JStfi^,... 

s.yi^. 
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TABLE  L 

Differeneeof  Latitude  and  Departure  for  4  Polnli^ 

N.E. 

N.W. 

S.E.                      S.W.                                   1 

Wst. 

Ut 

I>ep, 

bk. 

Lat. 

Dep. 

Dbt. 

T.ftt. 

Dep. 

Dist.  Lat.  j  Dep. , 

Dist.;  Lat. 

Dep. 

f 

00.7 

00.7 

61 

43.1 

43.1, 

121 

35.6 

•J6.6 

18lll28.0 

128.0 

24l!l70.4 

170.4 

2 

01.4 

01.4 

62 

43.8 

43.81 

22 

86.3 

86.3 

82128.7 

128.7 

42171.1 

171.1 

3 

02.1 

02.1 

63 

44.6 

44.5 

23 

87.0 

87.0 

83 

129.4 

129.4 

43;i7l.8 

171.8 

4 

02.8 

02.8 

64 

45.3 

45.3 

24 

87.7 

87.7 

84 

130.1 

130.1 

44172.5 

172.5 

6 

03.6 

03.6 

66 

46.0 

46. Oi 

26 

88.4 

88.4 

85 

130.8 

130.8 

45il73.£ 

173.2 

6 

04.2 

04.2 

66 

46.7 

46.7 

26 

89.1 

89.1 

86 

131.5 

131.5 

461173.9 

173.9 

7 

04.9 

04.9 

67 

47.4 

47.4 

27 

89.8 

89.8 

87 

132.2 

132.2 

47|174.7 

174.7 

8 

05.7 

05.7 

68 

48.1 

48.1; 

28 

90.6 

90.6 

88 

132.9 

132.9 

48.176.4 

176.4 

9 

06.4 

06.4 

69 

48.8 

48.8! 

29 

91.2 

91.2 

89 

133.6 

133.6 

49;i76.1 

176.1 

10 

07.1 

(n.i 

70 

49.6 

49.5 

30 

91.9 

91.9 

90 

134.4 

134.4 

60)176.8 

176.8 

11 

07.8 

07.8 

71 

60.2 

50.21 

131 

92.6 

92.6 

191 

135.1 

136.1 

251 

177.5 

177.6 

n 

08.6 

08.5 

72 

60.9 

60.9 

32 

93.3 

93.3 

92 

136.8 

136.8 

62 

178.2 

178.2 

13 

09.2 

09.2 

73 

61.6 

61.6! 

S3 

^4.0 

94.0 

93 

136.6 

136.6 

63 

178.9 

178.9 

14 

09.9 

09.9 

74 

62.3 

62. 3| 

34 

94.8 

94.8 

94 

157.2 

137.2 

64 

179.6 

179.6 

15 

10.6 

10.6 

76 

53.0 

63. 0' 

35 

96.6 

95.6 

95 

137.9 

137.9 

66 

180.3 

180.3 

16 

11.3 

11.3 

76 

63.7 

63.7 

36 

96.2 

96.2 

96 

138.6 

138.6 

56 

181.0 

181.0 

17 

12,0 

12.0 

77 

64.4 

64.4 

37 

96.9 

96.9 

97 

139.3 

139.3 

67 

181.7 

181.7 

19 

X2.7 

12.7 

78 

65.2 

66.2 

38 

97.6 

97.6 

98 

14O.0 

140.0 

68 

182.4 

182.4 

19 

13.4 

13.4 

79 

66.9 

66.9 

39 

98.3 

98.3 

99 

140.7 

140.7 

69 

183.1 

183.1 

20 

14.1 

14.1 

80 

66.6 

56.6 

40 

99.0 

99.0 

200 

141.4 

141.4 

60 

183. S 

183.8 

21 

14.8 

14.8 

81 

67.3 

67.3; 

141 

99.7 

99.7 

201 

142.1 

142.1 

261 

184.6 

184.6 

22 

15. 6 

15.6 

82 

68.0 

68.0 

42 

100.4 

100.4 

02 

142.8 

142.8 

62 

186.9 

186.3 

23 

16.3 

16.3 

83 

68.7 

58.7 

43 

101.1 

101.1 

03 

143.6 

143.6 

63 

186.0 

186.0 

24 

17.Q 

17.0 

84 

69.4 

59.4 

44 

101.8 

101.8 

04 

144.2 

144.2 

64 

W6.7 

186.7 

25 

17.7 

17.7 

86 

60.1 

60.1 

46 

102.6 

102.5 

05 

146.0 

146.0 

65 

187.4 

187.4 

26 

18.4 

18.41 

86 

60.8 

60.8 

46 

103.2 

103.2 

06 

146.7 

145.7 

66 

188.1 

188.1 

27 

19.1 

19.1 

87 

61.6 

61.5 

47 

103.9 

103.9 

07 

146.4 

146.4 

67 

188.8 

188.8 

28 

19.8 

19.8 

88 

62.2 

62.2 

48 

104.7 

104.7 

08 

147.1 

147.1 

68 

189.6 

189.6 

29 

20.6 

20.5 

89 

62.9 

62.9 

49 

106.4 

106.4 

09 

147.8 

147.8 

69 

190.2 

190.2 

30 

21.2 

21.2 

90 

63.6 

63.6 

60 

106.1 

106.1 

10 

148.6 

148.6 

70 

190.9 

190.9 

31 

21.9 

21.9 

91 

64.3 

64.3 

151 

106.8 

106.8 

211 

149.2 

149.2 

271 

191.6 

191.6 

32 

22.6 

22.6 

92 

65.1 

66.1 

62 

107.6 

107.5 

12 

149.9 

149.9 

72 

192.3 

192.3 

33 

23.3 

23.3 

93 

65.8 

65.8 

63 

108.2 

108.2 

13 

160.6 

160.6 

73 

193.0 

J93.0 

34 

2'^.0 

24.0 

94 

66.5 

66.6 

64 

108.9 

108.9 

14 

161.3 

161.3 

74 

193.7 

193.7 

35 

24.7 

24.7 

95 

67.2 

67.2 

66 

109.6 

109.6 

15 

162.0 

152.0 

75 

194.5 

194.5 

36 

25.6 

25.5 

96 

67.9 

67.9 

66 

110.3 

110.3 

16 

162.7 

152.7 

76 

195.2 

195.2 

37 

26.2 

26.2 

97 

68.6 

68.6 

67 

Ul.O 

Ul.O 

17 

163.4 

163.4 

77 

195.9 

195.9 
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70 
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30 
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02.3 

90 
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60 
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11 
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71 
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12 
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23 
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92 
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212.0 
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93 
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53 
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02.7 

13 
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03.7 

73 

273.0 

04.8 

34 

34.0 
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94 
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01.6 

54 
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14 
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03.7 
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274.0 
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35 

36.0 

00.6 

95 
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65 

156.0 

02.7 

15 
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36 
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96 
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156.0 

02.7 

16 

216.0 

03.8 

76 

276.0 

04.8 

37 

37.0 

00.6 

97 

97.0 

01.7 

67 

167.0 

02.7 

17 

217.0 

03.8 

77 

277.0 

04.8 

38 

38.0 

00.7 

98 

98.0 

01.7 

68 

168.0 

02.8' 

18 

218.0 

03.8 

78 

278.0 

04.9 

39 
40 

39.0 

00.7 

99 

99.0 

01.7 

59 

159.0 

02.8 

19 

219.0 

03.8 

79 

279.0 

04.9 

40.0 

00.7 

100 

100.0 

01.7 

60 

160.0 

02.8 

20 

220.0 

03.8 

80 

280.0 

04.9 

41 

41.0 

00.7 

101 

101.0 

01.8 

161 

161.0 

02.8 

221 

221.0 

03.9 

281 

281.0 

04.9 

42 

42.0 

00.7 

02 

102.0 

01.8 
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03.9 

83 
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44 
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04 
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02.9 

24 
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03.9 

84 
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46 

46.0 

00.8 

05 
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01.8 

66 

165.0 

02.9 

26 

223.0 

03.9 

85 

285.0 

05.0 

46 

46.0 

00.8 

06 
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01.8 

66 
67 

166.0 

02.9 

26 

226.0 

03.9 

86 

286.0 

05.0 

47 

47.0 

00.8 

07 

107.0 

01.9 

167.0 

02.9 

27 

227.0 

04.0 

87 

287.0 

06.0 

48 

48.0 

00.8 

08 

108.0 

01.9 

68 

168.0 

02.9 

28 

228,0 

04.0 

88 

288.0 

05.0 

49 

49.0 

00.9 

09 

109.0 

01.9 

69 

169.0 

02.9 

29 

229.0 

04.0 

89 

289.0 

06.0 

50 
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00.9 

10 

110.0 

01.9 

70 

170.0 

03.0 

30 

230.0 

04.0 

90 
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05.1 

61 
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00.9 
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01.9 
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03.0 

231 

231.0 

04.0 
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05.1 

62 

62.0 

00.9 

12 

112.0 

02.0 

72 

172.0 

03.0 

32 
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04.0 

92 

292.0 

05.1 

63 
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00.9 

13 

113.0 

02.0 

73 
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03.0 

33 

233.0 

04.1 

93 

293.0 

05.1 

64 
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00.9 

14 
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02.0 
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34 
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94 
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66 
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04.2 

181 

180.9 

06.3 

241240.9 

08.4  1 

2 

02. C 

00.1 

62 

62.0 

02.2 

22 

121.9 

04.3 
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09.6  ' 

33 

33.0 

01.2 

93 

92.9 

03.2 

63 

152.9 

05.3 

13 

212.9 

07.4 

73 

272.8 

09.5 

34 

34.0 

01.2 

94|  93.9 
96    94.9 

03.3 

54 

163.9 

05.4 

14 

213.9 

07.5 

74 

273.8 

09.6  , 

35 

35.0 

01.2 

03.3 

56 

154.9 

05.4 

15 

214.9 

07.6 

75 

274.8 

09.6 

36 

36.0 

01.3 

96 

96.9 

03.4 

56 

155.9 

05.4 

16 

215.9 

07,6 

76 

275.8 

09.6 

37 

37.0 

01.3 

97 

96,9 

03.4 

57 

166:9 

05.5 

17 

216.9 

07.6 

77 

276.8 

09.7 

38 

38.0 

01.3 

98 

97.9 

03.4 

58 

157.9 

05.6 

18 

217.9 

07.6 

78 

277.8 

09.7 

39 

39.0 

01.4 

99 

98.9 

03.5 

59 

158.9 

05.5 

19 

218.9 

07.6 

79 

278.8 

09.7 

40 

40.0 

01.4 

100 

99.9 

03.5 

60 

169.9 

05.6 

20 

219.9 

07.7 

80 

279.8 

09.8 

41 

41.0 

01.4 

101 

100.9 

03.5 

161 

160.9 

05.6 

221 

220.9 

07.7 

281 

280.8 

09.8 

42 

42.0 

01.6 

02 

101.9 

03.6 

62 

161.9 

05.7 

22 

221.9 

07.7 

82 

281.8 

09.8 

43 

43.0 

01.6 

03 

102.9 

03.6 

63 

162.9 

05.7 

23 

222.9 

07.8 

83 

282.8 

09.9 

44 

44.0 

01.6 

04 

103.9 

03.6 

64 

163.9 

05.7 

24 

223. B 

07.8 

84 

283.8 

09.9 

45 

45.0 

01.6 

06 

104;9 

03.7 

65 

164.9 

05.8 

25 

224.9 

07.9 

85 

284.8 

09.9 

46 

46.0 

01.6 

06 

105.9 

08.7 

66 

166.9 

06.8 

26 

225.9 

07.9 

86 

285.8 

10.0 

47 

47.0 

01.6 

07 

106.9 

03.7 

67 

166.9 

05.8 

27 

226.9 

07.9 

87 

286.8 

10.0 

48 

48.0 

01.7 

08 

107.9 

03.8 

68 

167.9 

05.9 

28 

227.9 

08.0 

88 

287.8 

10.1 

49 

49.0 

01.7 

09 

108.9 

03.8 

69 

168.9 

05.9 

29 

228.9 

08.0 

89 

288.8 

10.1  ; 

50 

60.0 

01.7 

10 

109.9 

03.8 

70 

169.9 

05.9 

30 

229.9 

08.0 

90 

289.8 

10.1  i 

51 

51.0 

01.8 

111 

110.9 

03.9 

171 

170.9 

06.0 

231 

230.9 

08.1 

291 

290.8 

10.2 

52 

62.0 

01.8 

12 

111.9 

03.9 

72 

171.9 

06.0 

32 

231.9 

08.1 

92 

291.8 

10.2 

53 

53.0 

01.8 

13 

112.9 

03.9 

73 

172.9 

06.0 

33 

232.9 

08.1 

93 

292.81 

10.2  . 

54   64. 0| 

01.9 

14 

113.9 

04.0 

74 

173.9 

06.1 

34 

233.9 

08.2 

94  293.81 

10.3 

55 

55.0 

01.9 

16 

114.9 

04.0 

76 

174.9 

06.1 

35 

234.9 

08.2 

96 

294.8 

10.3  . 

56 

66.0 

02.0 

16 

115.9 

04.0 

76 

175.9 

06.1 

36 

2.15.9 

08.2 

96 

295.8 

lO.S 

57 

57.0 

02.0 

17 

116.9 

04.1 

77 

176.9 

06.2 

37 

236.9 

08.3 

97 

296.8 

10.4  . 

53 

58.0   02.0(1 

18 

117.9 

04.1 

78 

177.9 

06.2 

38 

237.9 

08.3 

98 

297.8    10.4  1  ( 

b'J 

59.0   02.1 

19 

118.9 

04. 2 

79 

178.9 

06.2 

39 

238.9 

08.3 

99 

298.8    10.4 

60 

60.0   02.1 

20 

119.9 

04.2 

80 

179.9   06.3 

40 

239.9 

08.4 

300 

299.8    10.5  1 

'ist. 

Hep.    Ut.  il 

Dist. 

Dep. 

Lat.1 

Dist. 

Dep.    Lat. 

Disl.  Dep.l 

Lat. 

Dist.  Dep.  1  Lat.      | 



[For  88  Degrees. 
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TABLE  IL 

»£ 

Difference  of  Latitude  and  Departure  for  3  Degrees. 

^ist: 

T«t. 

Dep. 

jDist 

r.at. 

Dep.i 

Dist.  Lat. 

Dep. 

:Dist. 

Lat. 

Dep. 

Dif;f. 

Lat. 

Dep. 

1     1 

01.0 

00.1 

CI 

60.9 

03.2 

121120.8 

06.3 

181 

180.8 

09.3 

241 

240.7 

12.6 

1     t 

02.0 

00.1 

62 

61.9 

03.2 

22 

121.8 

06.4 

82 

181.8    09.3 

42 

241.7 

12.7 

1      3 

03.0 

00.2 

63 

62.9 

03.3 

23 

122.8 

06.4 

83 

182.7   09.6 

43 

242.7 

12.7 

I      4 

04.0 

00.2 

64 

63.9 

03.3 

24 

123.8 

06.5 

84 

183.7 

09.6 

44 

243.7 

12.8 

:    5 

05.0 

00.3 

65 

64.9 

03.4 

26 

124.8 

06.6 

83 

184.7 

09.7 

43 

244.7 

12.8 

i      € 

06.0 

00.3 

66 

65.9 

03.6 

26 

125.8 

06.6 

86 

185.7 

09.7 

46 

243.7 

12.9 

1      "^ 

07.0 

00.4 

67 

66.9 

03.5 

27 

126.8 

06.6 

87 

186.7 

09.8 

47 

246.7 

12.9 

« 

08.0 

00.4 

68 

67.9 

03.6 

28 

127.8 

06.7 

88 

187.7 

09.8 

48 

247.7 

13.0 

9 

09.0 

00.5 

69 

68.9 

03.6 

29 

128.8 

06.8 

89 

188.7 

09.9 

49 

248.7 

13.0 

1     10 

10.0 

00.6 

70 

69.9 

03.7 

30 

129.8 

06.8 

90 

189.7 

09.9 

60 

249.7 

13.1 

11 

11.0 

00.6 

71 

70.9 

03.7 

131 

130.8 

06.9 

191 

190.7 

10.0 

261 

250.7 

13.1 

12 

12.0 

00.6 

72 

71.9 

03.8 

32 

131.8 

06.9 

92 

191.7 

10.0 

62 

251.7 

13.2 

13 

13.0 

00.7 

73 

72.9 

03.8 

33 

132.8 

07.0 

93 

192.7 

10.1 

58 

262.7 

13.2 

14 

14.0 

00.7 

74 

73.9 

03.9 

34 

133.8 

07.0 

94 

193.7 

10.2 

64 

233.7 

13.3 

15 

16.0 

00.8 

75 

74.9 

03.9 

36 

134.8 

07.1 

95 

194.7 

10.2 

65 

254.7 

13.3 

16 

16.0 

00.8 

76 

75.9 

04.0 

36 

135.8 

07.1 

96 

193.7 

10.3 

3C 

233.6 

13.4 

17 

17.0 

00.9 

77 

76.9 

04.0 

37 

136.8 

07.2 

97 

196.7 

10.3 

57 

236.6 

13.3 

18 

18.0 

00.9 

78 

77.9 

04.1 

38 

137.8 

07.2 

98 

197.7 

10.4 

58 

237.6 

13.3 

19    19.0 

01.0 

79 

78.9 

04.1 

39 

138.8 

07.3 

99 

198.7 

10.4 

69 

238.6 

13.6 

j     20    20.0 

01.0 

80|  79.9 

04.2 

40 

139.8 

07.3 

200 

199.7 

10.5 

60 

239.6 

13.6 

•     21    21.0 

01.1 

81|  80.9 

04.2 

141 

140.8 

07.4 

201 

200.7 

10.3 

261 

260.6 

13.7 

.     22    22.0 

01.2 

82 

81.9 

04.3 

42 

141.8 

07.4 

02 

201 .7 

10.6 

62 

261.6 

13.7 

I     23    23.0 

01.2 

88 

82.9 

04.3 

43 

142.8 

07.5 

03 

202.7 

10.6 

6,S 

262.6 

13.8 

24   24.0 

01.3 

84 

83.9 

04.4 

44 

143.8 

07.5 

04 

203.7 

10.7 

64 

263.6 

13.8 

.     26;  26.0 

01.3 

86 

84.9 

04.4 

43 

144.8 

07.6 

03 

204.7 

10.7 

66 

264.6 

13.9 

26 

26.0 

01.4 

86 

86.9 

04.5 

46 

143.8 

07.6 

06 

205.7 

10.8 

66 

263.6 

13.9 

27 

27.0 

01.4 

87 

86.9 

04.6 

47 

146.8 

07.7 

07 

206.7 

10.8 

67 

266.6 

14.0 

:   2a 

28.0 

01.5 

88 

87.9 

04.6 

48 

147.8 

07.7 

08 

207.7 

10.9 

6V 

267.6 

14.0 

29 

29.0 

01.6 

89 

88.9 

04.7 

49 

148.8 

07.8 

09 

208.7 

10.9 

69 

268.6 

14.1 

30 

30.0 

01.6 

90 

89.9 

04.7 

60 

149.8 

07.9 

10 

209.7 

11.0 

70 

269.6 

14.1 

!     31 

31.0 

01.6 

i    91 

90.9 

04.8 

151 

130.8 

07.9 

211 

210.7 

11.0 

271 

270.6 

14.2 

32 

32.0 

01.7 

!     92 

91.9 

04.8 

32 

131.8 

08.0 

12 

211.7 

11.1 

72 

271.6 

14.2 

33 

33.0 

01.7 

!•  93 

92.9 

0-^.9 

33 

132.8 

08.0 

13 

212.7 

11.1 

73 

272.6 

14.3 

34 

34.0 

01.8 

94 

93.9 

04.9 

34 

133.8 

09.1 

14 

213.7 

11.2 

74 

273.6 

14.3 

35 

36.0 

01.8 

96 

94.9 

05.0 

35 

154.8 

08.1 

13 

214.7 

11.3 

73 

274.6 

14.4 

36 

36.0 

01.9 

(     96 

93.9 

05.0 

36 

155.8 

08.2 

16 

213.7 

11.3 

76 

275.6 

14.4 

37 

36.9 

01.9 

;    ^ 

96.9 

05.1 

37 

156.8 

08.2 

17 

216.7 

11.4 

77 

276.6 

14.5 

38 

37.9 

02.0 

98 

97.9 

05.1 

68 

137.8 

08.3 

18 

217.7 

11.4 

78 

277.6 

14.3 

39 

38.9 

02.0 

99 

98.9 

05.2 

69 

158.8 

08.3 

19 

218.7 

11.3 

79 

278.6 

14.6 

40 

39.9 

02.1 

100 

99.9 

06.2 

60 

159.8 

08.4 

20 

219.7 

11.6 

80 

279.6 

14.7 

41 

40.9 

02.1 

101 

100.9   06.31 

161 

160.8 

08.4 

221 

220.7 

11.6 

281 

280.6 

14.7 

42 

41.9 

02.2 

02 

101.9 

03.3 

62 

161.8 

08.3 

22 

221.7 

11.6 

82 

281.6 

14.8 

43 

42.9 

.02.3 

03 

102.9 

06.4 

63 

162.8 

08.5 

23 

222.7 

11.7 

83 

282.6 

14.8 

44 

43.9 

02.3 

04 

103.9 

05.4 

64 

163.8 

08.6 

24 

223.7 

11.7 

84 

283.6 

14.9 

46 

44.9 

02.4 

05 

104.9 

05.3 

63 

164.8 

08.6 

25 

224.7 

11.8 

85 

284.6 

14.9 

46 

45.9 

02.4 

06 

103.9 

05.6 

66 

166.8 

08.7 

26 

225.7 

11.8 

86 

285.6 

15.0 

47 

4^.9 

02.5 

07 

106.9 

03.6 

67 

166,8 

08.7 

27 

226.7 

11.9 

87 

286.6 

16.0 

48 

47.9 

02.3 

08 

107.9 

05.7 

68 

167.8 

.08.8 

28 

227.7 

11.9 

88 

287.6 

15.1 

49 

48.9 

02.6 

09 

108.9 

05.7 

69 

168.8 

08.8 

29 

228.7 

12.0 

89 

288.6 

13.1 

50 

49.9 

02.6 

10 

109.8 

06.8 

70 

169.8 

08.9 

30 

229.7 

12.0 

90 

289.6 

15.2 

61 

60.9 

02.7 

111 

110.8 

06.8 

171 

170.8 

08.9 

231 

230.7.  12. 1| 

291 

290.6 

13.2 

62 

61.9 

02.7 

12 

111.8 

06.9 

72 

171.8 

09.0 

32 

231.7 

12.1 

92 

291.6 

15.3 

63 

62.9 

02.8 

13 

112.8 

05.9 

73 

172.8 

09.1 

33 

232.7 

12.2 

93 

292.6 

16.3 

64 

63.9 

02.8 

14 

113. 8 

06.0 

74 

173.8 

09.1 

34 

233.7 

12.2 

94 

293.6 

16.4 

65 

64.9 

02.9 

13 

114.8 

06.0 

76 

174.8 

09.2 

35 

234.7 

12.3 

95 

294.6 

16.4 

56 

56.9 

02.9 

16 

116.8 

06.1 

76 

175.8 

09.2 

36 

235.7 

12.4 

96 

295.6 

16.5 

67 

56.9 

03.0 

17 

116.8 

06.1 

77 

176.8 

09.3 

37 

236.7 

12.4 

97 

296.6 

16.5 

58 

67.9 

03.0 

18 

117.8 

06.2 

78 

177.8 

09.3 

38 

237.7 

12.6 

98 

297.6 

16.6 

59 

68.9 

03.1 

19 

118.8 

06.2 

79178.8 

09.4 

39 

238.7 

12.5 

99 

298.6 

16.6 

60 

69.9 

03.1 

20 

119.8 

06.3 

80' 179. 8 

09.4 

40 

239.7 

12.6 

300 

299.6 

15.7 
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.TABLE  11.  .       . 

Difference  of  Latitude  and  Departure  for  4  Degrees. 


Dist. 

Lat.  1  Oep.  1 

bLst. 

Lat. 

Ufp.  1 

Dist. 

Lat.  1  Dep.  | 

Dist. 

Lat. 

Dep. 

Dist. 

W" 

JDep. 

1 

01.0 

00.1 

61 

60.9 

04. 3J 

121  120.7 

08.4 

181 

180.6 

12.6 

241 

240.4 

16.6 

2 

02.0 

00.1 

62 

61.8 

0^K3i 

22121.7 

08.5 

82 

181.6 

12.7 

42 

241.4 

16.9 

3 

03.0 

00.2 

63 

62.8 

04.4 

2.T122.7 

08.6 

83 

182.6 

12.8 

43 

242.4 

17.0 

4 

04,0 

00.3 

64 

63.8 

04.5 

24I123.7 

08.6 

84 

183.6 

12.8 

44|243.4 

17,0 

5 

05.0 

00.3 

65 

G4.8 

04.5 

25 

124.7 

08.7 

85 

184.6 

12.9 

4.'> 

244.4 

17.1 

6 

06.0 

00.4 

66 

65.8 

04.6 

2G 

125.7 

08.8 

86 

185.6 

13.0 

46 

245.4 

17.2 

7 

07.0 

00.5 

67 

66.8 

04.7 

27 

126.7 

08.9 

87 

186.6 

13.0 

47 

246.4 

17.2 

8 

08.0 

00.6 

68 

67.8 

04.7 

28 

127.7 

08.9 

88 

187.6 

13.1 

48 

247.4 

17.3 

9 

09.0 

00.6 

69 

68.8 

04.8 

29 

128.7 

09.0 

89 

188.6 

13.2 

49 

248.4 

17.4 

10 

10.0 

00.7 

70 

69.8 

Oi.9 

30 

129.7 

09.1 

90 

109.5 

13.3 

50j249.4| 

17.4 

11 

11.0 

00.8 

71 

70.8 

06.0 

131 

130.7 

09.1 

191 

190.6 

13.3 

261 

250.4 

17.5 

12 

12.0 

00.8 

12 

71.8 

06.0 

32 

131.7 

09.2 

92 

191.6 

13.4 

52 

251.4 

17.6 

13 

13.0 

00.9 

73 

72.8 

05.1 

33 

132.7 

09.3 

93 

192.6 

13.6 

53 

252.4 

17.6 

14 

14.0 

01.0 

74 

73.8 

05.2 

34 

133.7 

09.3 

9^ 

193.6 

13.6 

&4i253.M 

17.7 

15 

15.0 

01. 0 

75 

74.8 

05.2 

36 

134.7 

09.4 

95 

194.6    13.6||    65 

254.4 

17.8 

IG 

IG.O 

01.1 

76 

76.8 

05.3 

3G 

135.7 

09.6 

96 

195-.5 

13.7 

661 

255.4 

17.9 

17 

17.0 

01.2 

77 

76.8 

05.4 

37 

136.7 

09.6 

97 

196.6 

13.7 

67 

266.4 

17.9 

18 

18.0 

01.3 

78 

77.8 

05.4 

38 

137.7 

09.6 

98 

197.6 

13.8 

58 

267.4 

18.0 

19 

19.0 

01.3 

79 

78.8 

05.5 

39 

138.7 

09.7 

99 

198.6 

13.9 

69 

268.4 

18.1 

20 

20.0 

01.4 

80 

79.8 

06.6 

40 

139.7 

09.8 

200 

199.5 

14.0 

60 

259.4 

18.1 

21 

20.9 

01.6 

81 

80.8 

05.7 

141 

140.7 

09.8 

201 

200.5 

14.0 

S61 

260.4 

18.2 

oo 

21.9 

01.6 

82 

81.8 

05.7 

4* 

rl41.7 

09.9 

02 

201.6 

14.1 

62 

261.4 

18.3 

23 

22.9 

01. G 

83 

82.8 

06,8 

4^ 

142.7 

10.0 

03 

202.6 

14.2 

631262.4 

18.3 

24 

23.9 

01.7 

84 

83.8 

06,9 

44 

143.6 

10.0 

04 

203.6 

14.2 

641263.4 

18.4 

2j 

24.9 

01.7 

85 

84.8 

05.9 

46 

144.6 

10.1 

05 

204.5 

14.3 

65 

1264.4 

18.5 

26 

25.9 

01.8 

86 

86.8 

06.0 

46 

146.6 

10.2 

06 

206.6 

14.4 

66  266.4 

18.6 

27 

26.9 

01.9 

87 

86.8 

06.1 

47 

146.6 

10.3 

07 

206.6 

14.4 

67^6.3 

18.6 

2H 

27.9 

02.0 

88 

87.8 

06.1 

48 

147.6 

10.3 

08 

207.6 

14.6 

68  267.3 

18.7 

29 

28.9 

02.0 

89 

88.8 

06.2 

49 

148.6 

10.4 

09 

208.6 

14.6 

69  268.3 

18.8 

30 

29.9 

02.1 

90 

89.8 

06.3 

60 

149.6 

10.6 

10 

209.5 

14.6 

70269.3 

18.8 

31 

30.9 

02.2 

91 

90.8 

06.3 

161 

150.6 

10.5 

211 

210.6 

14.7 

271270.3 

18.9 

32 

31.9 

02.2 

92 

91.8 

06.4 

62 

161.6 

10.6 

12 

211.5 

14.8 

72 

271.3 

19.0 

33 

32.9 

02.3 

93 

92.8 

06.5 

63 

152.6 

10.7 

13 

212.6 

14-9 

73 

272.3 

19,6 

34 

33.9 

02.4 

94 

93.8 

o€.e 

64 

163.6 

10.7 

14 

213.5 

14.9 

74 

273.3 

19.1 

35 

34.9 

02.4 

95 

94.8 

06.6 

66 

154.6 

10.8 

15 

214.6 

16.0 

76 

274.3   19.t  1 
275.3    19.3  1 

36 

35.9 

02.5 

9G 

95  8 

06.7 

66 

166.6 

10.9 

16 

216.5 

16.1 

76 

37 

36.9 

02.6 

97 

96.8 

06.8 

67,166.6 

11.0 

17 

216.5 

16.1 

77 

276.3i  19.3  1 

38 

37.9 

02.7 

98 

97.8 

06.8 

68 

167.6 

11.0 

18 

217.6 

15.2 

73 

277.3    19.4 

39 

38.9 

02.7 

99 

98.8 

06.9 

69 

168.6 

U.l 

19 

218.5 

16.3 

79 

278.3    19.5 

40 

39.9 

02.8 

100 

99.8 

07:o 

60 

169.6 

11.2 

20 

219.6 

16.3 

80 

279.3    19.5 

'  41 

40.9 

02.9 

lOl.iOO.8 

07.0 

161 

160.6 

11.2 

221 

220.6 

16.4 

281 

280.3 

19.6 

42 

41.9 

02.9 

02 

101.8 

07.1 

62 

161.6 

11.3 

22 

221.6 

16.5 

82 

281.3 

19.7 

43 

42.9 

03.0 

03 

102.7 

07.2 

63 

162.6 

11.4 

23 

222.6 

16.6 

83 

262.3 

19.7 

44 

43.9 

03.1 

04 

103.7 

07.3 

64 

163.6 

11.4 

24 

223.6 

16.6 

84 

283.3 

19.8 

45 

44.9 

08.1 

06 

104.7 

07.3 

66 

164.6 

11.5 

26 

224.6 

15.7 

86 

284.3 

19.9 

46 

45.9 

03.2 

06 

105.7 

07.4 

66 

165.6 

11.6 

26 

226.4 

16.8 

86 

285.3 

20.0 

47 

46.9 

03.3 

07 

106.7 

07.6 

67 

166.6 

11.6 

27 

226.4 

16.8 

87 

286.3 

20.0  1 

48 

47.9 

03.3 

08 

107.7 

07.6 

68 

167.6 

11.7 

28 

227.4 

16.9 

88 

287.3 

20.1 

49 

48.9 

03.4 

09 

108.7 

07.6 

69 

168.6 

11.8 

29 

228.4 

16.0 

8^ 

288.3 

20.2 

50 

49.9 

03.5 

10 

109.7 

07.7 

70 

169.6 

11.9 

30 

229.4 

16.0 

90 

289.3 

20.2 

51 

50.9 

03.6 

111 

110.7 

07.7 

171 

170.6 

11.9 

231 

230.4 

16.1 

291 

290.3 

20.3 

52 

51.9 

03.6 

12 

111.7 

07.8 

72 

171.6 

12.0 

32 

231.4 

16,2 

92 

291.3 

20.4, 

53 

52.9 

03.7 

13 

112.7 

07.9 

73 

172.6 

12.1 

33 

232.4 

16.3 

93 

292.3 

20.4 

54 

53.9 

03.8 

14 

113.7 

08.0 

74 

173.6 

12.1 

34 

233.4 

16.3 

94 

293.3^  20.5 
294.3!  20.6 

55 

54.9 

03.8 

15 

114.7 

08.0 

76 

174.6 

12.2 

36 

234.4 

16.4 

95 

5b 

65.9 

03.9 

16 

116.7 

08.1 

76 

175.6 

12.3 

36 

236.4 

16.6 

96 

295.31  20.6 

57 

56.9 

04.0 

17 

116.7 

08.2 

77 

176.6 

12.3 

37 

236.4 

16.6 

97 

296.31  20.7 

58 

57.9 

04.0 

18 

117.7 

0812 

78 

177.6 

12.4 

38 

237.4 

16.6 

98 

297.3  20.8 

59 

58.9 

04.1 

19 

118.7 

08.3 

79 

178.6 

12.5 

39 

238.4 

16.7 

99 

298.31  20.9 

60 

59.9 

04.2 

20 

119.7 

08.4 

80 

179.6 

12.6 

40 

239.4 

16.7 

300299.3   20.9 

)ist. 

Dep. 

Lat. 

bistj 

De£^ 

1«t 

BSt 

Dep. 

Lat. 

Dist. 

Dep. 

Lat. 

Dist.  Dep.    Lat 

[For  86  Degrees. 
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TABLE  IL 

Difference  of  Latitude  and  Departure  for  5  Degrees. 

.Dist. 

1  I«at»    Dep.  1 

Dist. 

Lat. 

Dep. 

Dist.  Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

I>Sst.| 

Lat. 

1 

!     1 

01.0 

00.1 

61 

60.8 

06.3 

121I120.6 

10.5 

181 

180.3 

16.8 

241 

240.1 

2 

02.0 

00.2 

62 

61.8 

06.4 

22121.6 

10.6 

82 

181.3 

16.9 

42 

241.1 

3 

03.0 

00.3 

63 

62.8 

05.5 

23 

122.6 

10.7 

83 

182.3 

16.9 

43 

242.1 

4 

04.0 

00.3 

64 

63.8 

05.6 

24 

123.6 

10.8 

84 

183.3 

16.0 

44 

243.1 

6 

06.0 

00.4 

65 

64.8 

05.7 

25 

124.6 

10.9 

85 

184.3 

16.1 

45  244.1 

6 

06.0 

00.5 

66 

66.7 

U5.8 

26 

126.6 

11.0 

86 

185.3 

16.2 

461245.1 

i 

07.0 

00.6 

67 

66.7 

05.8 

27 

126.5 

11.1 

87 

186.3 

16.3 

47I246.I 

8 

08.0 

00.7 

68 

67.7 

05.9 

28 

127.5 

11.2 

88 

187.3 

16.4 

48  247.1 

9 

09.0 

00.8 

69 

68.7 

06.0 

29 

128.5 

11.2 

89 

188.3 

16.6 

49  248.1 

10 

10.0 

00.9 

70 

69.7 

06.1 

30 

129.6 

11.3 

90 

189.3 

16.6 

60'249.0 

n 

11.0 

01.0 

71 

70.7 

06.2 

131 

130.6 

11.4 

191 

190.3 

16.6 

251 

2.'30.0 

12 

12.0 

01.0 

72 

71.7 

06.3 

32 

131.6 

11.5 

92 

191.3 

16.7 

62 

251.0 

13 

13.0 

01.  i 

73 

72.7 

06.4 

33 

132.5 

11.6 

93 

192.3 

16.8 

53 

252.0 

14 

13  9 

01.2 

74 

73.7 

06.4 

34 

133.6 

11.7 

94 

193.3 

16.9 

64 

253.0 

15 

14.9 

01.3 

75 

74.7 

06.5 

36 

134.5 

11.8 

9b 

194.3 

17.0 

65  254.0 

16 

16.9 

01.4 

76 

75.7 

06.6 

36 

135.5 

11.9 

96 

196.3 

17.1 

56 

2.05.0 

17 

16.9 

01.6 

77 

76.7 

06.7 

37 

136.5 

11.9 

97 

196.3 

17.2 

67 

256.0 

18 

17.9 

01.6 

78 

77.7 

06.8 

38 

137.5 

12.0 

98 

197.2 

17.3 

68 

257.0 

19 

18.9 

01.7 

7'J 

78.7 

06.9 

39 

138,8 

12.1 

99 

198.2 

17.3 

59 

2.58.0 

20 

19.9 

01.7 

80 

79.7 

07.0 

40 

139.5 

12.2 

200 

199.2 

17.4 

60 

259.0 

21 

20.9 

01.8 

81 

80.7 

07.1 

141 

140.6 

12.3 

201 

200.2 

17.5 

261 

260.0 

22 

21.9 

01.9 

8'2 

81.7 

07.1 

1     42 

141.5 

12.4 

02 

201.2 

17.6 

62 

26L0 

23 

22.9 

02.0 

83 

82.7 

07.2 

43 

142.5 

12.6 

03 

202.2 

17.7 

63 

262.0 

2t 

23.9 

02.1 

84 

83.7 

07.3 

44 

143.6 

12.6 

04 

203.2 

17.8 

64 

263.0 

25 

24.9 

02.2 

85 

84.7 

07.4 

46 

144.4 

12.6 

05 

204.2 

17.9 

eb 

264.0 

26 

25.9 

02.3 

86 

85.7 

07.5 

46 

146.4 

12.7 

06 

206.2 

18.0 

66 

265.0 

27 

26.9 

02.4 

87 

86.7 

07.6 

47 

146.4 

12.8 

07 

206.2 

18.0 

67 

266.0 

28 

27.9 

02.4 

88 

87.7 

07.7 

48 

147.4 

12.9 

08 

207.2 

18.1 

68 

267.0 

29 

28.9 

02.6 

89 

88.7 

07.8 

49 

148.4 

13.0 

09 

208.2 

18.2 

69 

2680 

SO 

29.9 

02.6 

90 

89.7 

07.8 

60 

149.4 

13.1 

10 

209.2 

18.3 

70 

269  0 

81 

30.9    02. 7| 

91 

90.7 

07.9 

161 

150.4 

13. id 

211 

210.2 

18.4 

271 

270.0 

32 

31.9 

02.8 

92 

91.6 

08.0 

62 

151.4 

13.2 

12 

211.2 

18.6 

72 

271  i) 

33 

32.9 

02.9 

93 

92.6 

08.1 

63 

152.4 

13.3 

13 

212.2 

18.6 

73 

:72jo 

34 

33.9 

03.0 

94 

93.6 

08.2 

64 

153.4 

13.4 

14 

213.2 

18.7 

74 

273.0 

35 

34.9 

03.1 

95 

94.6 

08.3 

6b 

154.4 

13.5 

15 

214.2 

18.7 

75 

274.0 

36 

35.9 

03.1 

96 

95.6   08.4! 

b(y 

156.4 

13.6 

16 

215.2 

18.8 

76 

274.  J 

37 

36.9 

03.2 

97 

96.6 

08.5 

SI 

166.4 

13.7 

17 

216.2 

18.9 

77 

275.  > 

38 

37.9 

03.3 

98 

97.6 

08.5 

\     68 

157.4 

13.8 

18 

217.2 

19.0 

78 

276.9 

39 

38.9 

03.4 

99 

98.6 

08.6 

.     69 

158.4 

13.9 

19 

218.2 

19.1 

79 

277.  L 

40 

39.8 

03.5 

100 

99.6 

08.7 

1     60 

159.4 

13.9 

20 

219.2 

19.2 

80 

278.9 

41 

40.8 

03.6 

101  100.6'  08.8 

1  161 

160.4 

14.0 

221 

220.2 

19.3 

281 

279.9 

42 

41.8 

03.7 

02101.6;  08.9 

j     62 

161.4 

14.1 

22 

221.2 

19.3 

82 

2!',0.9 

43 

42.8,'  03.7 

03J102.6 

09.0 

63 

168.4 

14.2 

23 

222.2 

19.4 

83 

281.9 

4-1 

43.8    03.8 

04' 103. 6 

09.1 

64 

163.4 

14.3 

24 

223.1 

19.6 

84 

282.9 

45 

4-1.8 

03.9 

05 

104.6 

09.2 

66 

164. i 

14.4 

25 

224.1 

19.6 

86 

283.9 

46 

45.8 

04.0 

06 

105.6 

09.2 

66 

166.4 

14.5 

26 

226.1 

19.7 

86 

284.9 

47 

46.8 

04.1 

07 

106.6 

09.3 

67 

166.4 

14.6 

27 

226.1 

19.8 

87 

235.9 

48 

47.3 

04.2 

08 

107.6 

09.4 

68 

167.4 

14.6 

28 

227.1 

19.9 

88 

236.9 

49 

48.8 

04.3 

09 

108.6 

09.5 

69 

168.4 

14.7 

29 

228.1 

20.0 

89 

287.9 

60 

49.8 

04.4 

10 

109.6 

09.6 

70 

169.4 

14.8 

30 

229.1 

•20.0 

90 

238 . 9 

61 

50.8 

Oi.4 

111 

110.6 

09.7 

171 

170.3 

14.9 

231 

230.1 

20.1 

291 

289.9 

52 

51.8 

04.5 

12 

111.6 

09.8 

72 

171.3 

15.0 

32 

231.1 

20.2 

92 

21)0.9 

63 

62.8 

04.6 

13 

112.6 

09.8 

73 

172.3 

15.1 

83 

232.1 

20.3 

93|i'91.9 

64 

63.8 

04.7 

14 

113.6 

09.9 

74 

173.3 

15.2 

34 

233.1 

20.4 

94 

292.9 

65 

54.8 

04.8 

16 

114.6 

10.0 

75 

174.3 

15.3 

36 

234.1 

20.5 

^b 

293.9 

66 

55.8 

04.9 

16 

115.6 

10.1 

76 

175.3 

16.3 

36 

236.1 

20.6 

96 

294.9 

67 

66.8 

06.0 

17 

116.6 

10.2 

77 

176.3 

16.4 

37 

236.1 

20.7 

97 

295.9 

68 

57.8 

05.1 

18 

117.6 

10.3 

78 

177. » 

15.6 

38 

237.1 

20.7 

98 

296.9 

59 

58.8 

06.1 

19 

118.6 

10.4 

79 

178.3 

15.6 

39 

238.1 

20.8 

99 

297.9 

60 

59.8 

06.2 

20 

119.6 

10.6 

80 

179.3 

16.7 

40 

239.1 

20.9 

300 
Dist. 

2L)8.9 
Dep. 

1 

Dist.  Dep. 

Lat. 

Dist.  Dep.' Lat. 

Dist. 

Dep.  1  Lat. 

Dis; 

Dep. 

Lat. 

[Fo 

r85  0i 

-   — — ' 

^rc- 

^ 

TABLE  n. 

Difference  of  Latitude  and 

[>epartiire  for  6  Degrees. 

st. 

Lat. 

Dep. 

Dlst. 

Lat. 

Dep. 

bist. 

Lat. 

Dep. 

bi^,  Lat. 

Dep., 

Dist 

Lat 

Dep. 

T 

01.0 

00.1 

61 

60.7 

06.4 

121 

120.3 

12.6 

I8l!l80.0 

18.9 

241 

239.7 

26.2 

I) 

02.0 

00.2 

62 

61.7 

06.5 

22 

121.3 

12.8 

82 

181.0 

19.0 

42 

240.7 

26.3 

a 

0.3.0 

00.3 

63 

62.7 

06.6 

23 

122.3 

12.9 

83 

182.0 

19.1 

4:3 

241.7 

26.4 

4 

04.0 

00.4 

64 

63.6 

06.7 

24 

123.3 

13.0 

84 

183.0 

19.21 

44 

242.7 

26.6 

5 

05.0 

00.3 

65 

64.6 

06.8 

23 

124.3 

13.1 

85 

184.0 

19.31 

45 

243.7 

25.6 

C 

06.0 

00.6 

66 

65.6 

06.9 

26 

126.3 

13.2 

86 

186.0 

19.4 

46 

244.7 

25.7 

7 

07.0 

00.7 

67 

66.6 

07.0 

27 

126.3 

13.3 

87 

186.0 

19.6 

47 

246.6 

26.8 

8 

08.0 

00.8 

68 

67.6 

07.1 

28 

127.3 

13.4 

88 

187.0 

19.7 

48 

246.6 

25.9 

9 

09.0 

00.9 

69 

68.6 

07.2 

29 

128.3 

13.5 

89 

188.0 

19.8 

49 

247.6 

26.0 

10 

09.9 

01.0 

70 

69.6 

07.3 

30 

129.3 

13.6 

191 

189.0 

19.9 

60 

248.6 

26.1 

iT 

10.9 

01.1 

71 

70.6 

07.4' 

131 

130.3 

13.7 

190.0 

20.0 

251 

249.6 

26.2 

12 

1|.9 

01.3 

72 

71.6 

07. 6( 
07.6; 

32  131.3 

13.8 

92 

190.9 

20.1 

62 

260.6 

26.3 

\^ 

12.9 

01.4 

73 

72.6 

33 

132.3 

13.9 

93 

191.9 

20.2 

63 

251.6 

26.4 

u 

13.9 

01.3 

74 

73.6 

07.7 

34 

133.3 

14.0 

94 

192.9 

20.3 

64 

252.6 

26.6 

15 

14.9 

01.6 

75 

74.6 

07.8 

33 

134.3 

14.1 

96 

193.9 

20.4 

63 

233.6 

26.7 

IG 

13.9 

01.7 

76 

75.6 

07.9 

36 

133.3 

14.2 

96 

194.9 

20.6 

56 

234.6 

S6.8 

17 

16.9 

01.8 

77 

76.6 

08,0 

37 

136.2 

14.3 

97 

196.9 

20.6 

67 

266.6 

26.9 

18 

17.9 

01.9 

78 

77.6 

08.2 

38 

137.2 

14.4 

98 

196.9 

20.7 

68 

236.6 

27.0 

19 

18.9 

02.0 

79 

78.6 

08.3 

39 

138.2 

14.6 

99 

197.9 

20.8 

69 

267.6 

27.1 

20 

19.9 

02.1 

80 

79.6 

08.4 

40 

139.2 

14.6 

200 

198.9 

20.9 

60 

238.6 

27.2 

27 

20.9 

02.2 

81 

80.6 

08.5 

141 

140.2 

14.7 

201 

199  9 

21.0 

261 

269.6 

27.3 

i'2 

21.9 

02.3 

82 

81.6 

08.6 

42 

141.2 

14.8 

02 

200.9 

21.1 

62 

260.6 

27.4 

2:> 

22.9 

02.4 

83 

82.5 

08.7 

43 

142.2 

14.9 

03 

201.9 

21.2 

63 

261.6 

27.6 

24 

23.9 

02.3 

84 

83.5 

08.8 

44 

143.2 

16.1 

04 

202.9 

21.3 

64 

262.6 

27.6 

2,^ 

24.9 

02.6 

83 

84.5 

08.9 

43 

144.2 

16.2 

06 

203.9 

21.4 

65 

263.6 

27.7 

2e') 

25.9 

02.7 

86 

85.5 

09.  o: 

46 

146.2 

16.3 

06 

204.9 

21.6 

66 

264.6 

27.8 

27 

2G.9 

02.8 

87 

86.5 

09.  l| 

47 

146.2 

16.4 

07 

206.9 

21.6 

67 

266.6 

27.9 

2.S 

27  8 

02.9 

88 

87.5 

09.2 

48 

147.2 

15.6 

08 

206.9 

21.7 

68 

266.5 

28.0 

29 

28  .'S 

03.0' 

89 

88.5 

09.3 

49 

148.2 

16.6 

09 

207.9 

21.8 

69 

267.5 

28.1 

^ 

29. 8 

03. Ij 

90 

89.3 

09.4 

60 

149.2 

16.7 

10 

208.8 

22.0 
22.1 

70 

268.5 

28.2 

U 

30.8 

03.2 

91 

90.3 

09.5 

161 

130.2 

16.8 

211 

209.8 

271 

269.5 

28.3 

:v2 

31.8 

03.3 

92 

91.5 

09.6 

52 

151.2 

16.9 

12 

210.8 

22.2 

72 

270.6 

28.4 

;j.i 

32.8 

03.4 

93 

92.5 

09.7 

53 

152.2 

16.0 

13 

211.8 

22.3 

73 

271.6 

28.5 

LM 

33.8 

03.6 

94 

93.3 

09.8 

64 

163.2 

16.1 

14 

212.8 

22.4 

74 

272.6 

28.6 

;>.5 

34.8 

03.7 

93 

94.5 

09.9 

55 

164.2 

16.2 

15 

213.8 

22.5 

75 

273.6 

28-7 

3fi 

35.8 

03.8 

96 

95.5 

10.0 

66 

165.1 

16.3 

16 

214.8 

22.6 

76 

274.3 

28-8 

:n 

3fi.8 

03.9 

97 

96.6 

10.1 

67 

166.1 

16.4 

17 

215.8 

22.7 

77 

276.6 

29.0 

38 

37.8 

04.0 

98 

97.5 

10.2 

68 

157.1 

16.5 

18 

216.8 

22.8 

78 

276.6 

29.1 

39 

33.8 

04.1 

99 

98.6 

10.3 

69 

168.1 

16.6 

19 

217.8 

22.9 

79 

277.5 

292 

4(r 

39.8 

04.2 

100 

99.5 

10.5 

60 

159.1 

16.7 

20 

218.8 

23.0 

80 

278.5 

29.3 

41 

40.8 

04.3 

101 

100.4 

10.6 

161 

160.1 

16.8 

221 

219.8 

23.1 

281 

279.5 

29.4 

42 

41.8 

04.4 

02 

101.4 

10.7 

62 

161.1 

16.9 

22 

220.8 

23.2 

1    Si: 

280.6 

29.6 

13 

42.8 

04.3 

03 

102.4 

10.8 

63 

162.1 

17.0 

23 

221.8 

23.3 

83 

281.4 

29.6 

^r 

43.8 

04.6 

04 

103.4 

10.9 

64 

163.1 

17.1 

24 

222.8 

23,4 

84 

282.4 

29.7 

45 

44.8 

04.7 

05 

104.4 

11.0 

66 

164.1 

17.2 

26 

228.8 

23.3 

85 

283.4 

29.8 

46 

43.7 

04.8 

06 

105.4 

11.1 

66 

165.1 

17.4 

26 

224.8 

23.6 

86 

284.4 

29.9 

47 

46.7 

04.9 

07 

106.4 

11.2 

67 

166.1 

17.6 

27 

226.8 

23.7 

87 

285.4 

30.0 

48 

47.7 

03.0 

08 

107.4 

11.3 

68 

167.1 

17.6 

28 

226.8 

23.8 

88 

286.4 

30-1 

49 

48.7 

03.1 

09 

108.4 

11.4 

69 

168.1 

17.7 

29 

227.7 

23.9 

89 

287.4 

30.2 

50 

49.7 

06.2 

10 

109.4 

U.5 

70 

169.1 

17.8 

30 

228.7 

24.0 

90 

288.4 

30. 3 

.M 

30.7 

05.3 

111 

110.4 

11.6 

171 

170.1 

17.9 

231 

229.7 

24.1 

291 

289.4 

30.4 

52 

31.7 

06.4 

12 

111.4 

11.7 

72 

171.1 

18.0 

32 

230.7 

24.3 

92 

290.4 

30.6 

53 

32.7 

03.3 

13 

112.4 

11.8 

73 

172.1 

18.1 

33 

231.7 

24.4 

93 

291.4 

30.6 

54 

33.7 

05.6 

14 

113.4 

11.9 

74 

173.0 

18.2 

34 

232.7 

24.5, 

94 

292.4 

30.7 

5o 

54.7 

05.7 

13 

114.4 

12.0 

73 

174.0 

18.3 

35 

233.7 

24.6 

93 

293.4 

30.8 

bi 

33.7 

05.9 

16 

113.4 

12.1 

*76 

173.0 

18.4 

36 

234.7 

24.71 

96 

^94. 4 

30.9 

57 

36.7 

06.0 

17 

116.4 

12.2 

77 

176.0 

18.3 

37 

235.7 

24.8' 

97 

296.4 

31.0 

&8 

37.7 

06.1 

18 

117.4 

12.3 

78 

177.0 

18.6 

38 

236.7 

24.9 

98 

296.4 

31. 1 

5 'J 

38.7 

06.2 

19 

118.3 

12.4 

79 

178.0 

18.7 

39 

237.7 

26.0 

99 

297.4 

31. 3 

SO 

39.7 

06.3 

20 

119.3 

12.6 

80 

179.0 

18.8 

40 

238.7 

25.i; 

300 

298.4 

31.4 

si. 

Dc'p.    Lai.  1 

Dist.  Dep. 
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Disl. 

Dep. 

Lat. 

Dist. 

Dep. 
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bist. 

Dep, 

Lat.  1 

TFoi 

•  84  D 

egrees. 
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TA^LE  n.                                            23 

Difference  of  Latitude  and  Departure  for  7  Degrees. 

Dist.,  Lat.  1 

Dep. 

C>Ut.  Lat.| 

Dep. 

but. 

Ut. 

Dep. 

Dist. 

Lat. 

Dep.  Dist.| 

Lat. 

Dep. 

1 

01.0 

00.1 

61 

60.5 

07.4 

121 

120.1 

14.7 

181 

179.7 

22.1 

241 

239.2 

29.4 

2 

02.0 

00.2 

62 

61.5 

07.6 

22 

121.1 

14.9 

82 

180.6 

22.2 

42 

240.2 

29.5 

3 

03.0 

00.4 

63 

62.5 

07.71 

23 

122.1 

15.0 

83 

181.6 

22.3 

43 

241.2 

29.6 

4 

04.0 

00.5 

64 

63.5 

07.8 

24 

123.1 

15.1       84| 

182.6 

22.4 

44242.21 

29.7 

6 

05.0 

00.6 

65    64.5 

07.9] 

26 

124.1 

15.2 
15.4 
15.5 

85 

183.6 

22.6 

46 

243.2 

29.9 

6 

06.0 

00.7 

06    65.6 

08.0 

26 

125.1 

86 

184.6 

22.7 

4€ 

244.2 

30.0 

7 

06.9 

00.9 

67 

66.5 

08.2 

27 

126.1 

87 

185.6 

22.8 

47 

245  2 

30.1 

8 

07.9 

01.0 

68 

67.6 

08.3 

28 

127.0 

15.6 

88 

186.6 

22.9 

48 

246.2 

30.2 

9 

08.9 

01.1 

69 

68.5 

08.41 

29 

128.0 

15.7 

89 

187.6 

23.0 

49 

247.1 

30.3 

10 

09.9 

01.2:      70 

69.5 

08.5 

30 

129.0 

15.8 

90 

188. 6 

23.2 

50 

248.1 

30.5 

n 

10.9 

01.3 

71 

70.6 

08.7 

131 

130.0 

16.0 

191 

189.6 

23. 3J 

251 

249.1 

30.6 

12 

11.9 

01.5 

72 

71.5 

08.8 

32 

131.0 

16.1 

92 

190.6 

23.4 

52 

260.1 

30.7 

IS 

12.9 

01.6 

73 

72.5 

08.9 

33 

132.0 

16.2 

93 

191.6 

23.5 

53 

251.1 

30.8 

14 

13.9 

01.7 

74 

73.4 

09.0 

34 

133.0 

16.3 

94 

192.6 

23.6 

54 

262.1 

31.0 

15 

14.9 

01.8 

75 

74.4 

09.1 

36 

134.0 

16.5 

95 

193.5 

23.8 

bb 

253.1 

31.1 

16 

15.9 

01.9 

76 

76.4 

09.3 

36 

135.0 

16.6 

96 

194.6 

23.9 

56 

'2.:aa 

31.2 

17 

16.9 

02.1 

77 

76.4 

09.4 

37 

136.0 

16.7 

97 

195.5 

24.0 

57 

256.1 

31.3 

18 

17.9 

02.2 

78 

77.4 

09.5 

38 

137.0 

16.8 

98 

196.5 

24.1 

58 

266.  J 

31.4 

19 

18.9 

02.3 

79 

78.4 

09.6 

39 

138.0 

16.9 

99 

197.5 

24.3 

59 

257.1   31.6 

20 

19.9 

02.4 

80 

79.4 

09.7 

40 

139.0 

17.1 

200 

198.5 

24.4 

60 

258. J  31.7 

21 

20.8 

02.6 

81 

80.4 

09.9 

1  141 

139.9 

17.2 

201 

199.5 

24.5 

261 

259.1 

31.8 

22 

21.8 

02.7 

82 

81.4 

10.0 

42 

140.9 

17.3 

02 

200.5 

24.6 

62 

260.0 

31.9 

23 

22.8 

02.8 

83 

82.4 

10.1 

43 

141.9 

17.4 

03 

201.5 

24.7 

63 

261.0 

32.1 

24 

23.8 

02.9 

84 

83.4 

10.2 

44 

142.9 

17.5 

04 

202.5 

24.9 

64 

262.0 

32.2 

23 

24.8 

03.0 

85 

84.4 

10.4 

46 

143.9 

17.7 

05 

203.5 

25.0 

65 

263.0 

32.3 

26 

25.8 

03.2 

86 

85.4 

10.6 

46 

144.9 

17.8 

06 

204.5 

25.1 

66 

264.0 

32.4 

27 

26.8 

03.3 

87 

86.4 

10.6 

47 

145.9 

17.9 

07 

206.5 

25.2 

67 

265.0 

32.5 

28 

27.8 

03.4 

88 

87.3 

10.7 

48 

146.9 

18.0 

08 

206.4 

25.3 

68 

266.0 

32.7 

29 

.28.8 

03.5 

89 

88.3 

10.8 

49 

147.9 

18.2 

09 

207.4 

25.5 

69 

267.0 

32.8 

30 

29.8 

03.7 

90 

89.3 

11.0 

50 

148.9 

18.3 

10 

208.4 

25.6 

70 

268.0 

32.9 

31 

30.8 

03.8 

91 

90.3 

11.1 

151 

149.9 

18.4 

211 

209.4 

25.7 

271 

269.0 

33.0 

32 

31.8 

03.9 

92 

91.3 

11.2 

52 

160.9    18.5 

12 

210.4 

25.8 

72 

270.0 

33.1 

33 

32.8 

04.0 

93 

92.3 

11.3 

1     53 

151.9'  18.6 

13 

211.4 

26.0 

73 

271.0 

33.3 

84 

33.7 

04.1 

94 

93.3 

11.5 

1     54 

152.91  18.8 

•14 

212.4 

26.1 

74 

272.0 

53.4 

35 

34.7 

04.3 

96 

94.3 

11.6 

'     55 

153.8 

18.9 

16 

213.4 

26.2 

75 

273.0 

$3.5 

36 

35.7 

04.4 

96 

95.3 

11.7 

56 

154.8 

19.0 

16 

214.4 

26.3 

76 

273.9 

13.6 

37 

36.7 

04.5 

97|  96.3 

11.8 

57 

155.8 

19.1 

17 

215.4 

26.4 

77 

274.9 

J3.8 

38 

37.7 

04.6 

981  97.3 

11.9 

58 

156.8 

19.3 

18 

216.4 

26.6 

78 

275.9 

83.9 

39 

38.7 

04.8 

99;  98.3 
lOOJ  99.3 

12.1 

59 

167.8 

19.4 

19 

217.4 

26.7 

79 

276.9 

34.0 

40 

39.7 

04.9 

12.2 

60 

158.8 

19.5 

20 

218.4 

26.8 

80 

277.9 

34.1 

'    41 

40.7 

05.0 

101{100.2 

12.3 

161 

159.8 

19.6 

221 

219.4 

26.9 

281 

278.9 

34.2 

42 

41.7 

05.1 

02il01.2 

12.4 

62 

160.8 

19.7 

22 

220.3 

27.1 

82 

279.9 

34.4 

43 

42.7 

05.2 

03 

102.2 

12.6 

63 

161.8 

19.9 

1     23 

221.3 

27.2 

8.3 

280.9 

r. 

44 

43.7 

05.4 

04 

103.2 

12.7 

i     64 

162.8 

20.0 

24 

222.3 

27.3 

;     84 

281.9 

4fi 

44.7 

05.6 

05 

104.2 

12.8 

65 

163.8 

20.1 

26 

223.3 

27.4 

'     80 

282.9 

3-1.7 

46 

45.7 

05.6 

06 

106.2 

12.9 

66 

164.8 

20.2 

26 

224.3 

27.5 

!     86 

283.8 

3^.9 

47 

46.6 

05.7 

07 

106.2 

13.0 

!     67 

165.8 

20.4 

27 

225.3 

27.7 

i     81 

284.9 

3i.0 

48 

47.6 

05.8 

08 

107.2 

13.2 

•     68 

166.7 

20.5 

28 

226.3 

27.8 

88 

285.9 

3f.l 

49 

48.6 

06.0 

09 

108.2 

13.3 

69 

167.7 

20.6 

29 

227.3 

27.9 

8S 

286.8 

35.2 

50 

49.6 

06.1 

10 

109.2 

13.4 

70 

168.7 

20.7 

30 

228.3 

28.0 

!     9C 

287.8 

3f.3 

51 

60.6 

06.2 

111 

110.2 

13.6 

171 

169.7 

20.8 

231I229.3 

28.2 

1291 

288.8 

36.3 

52 

51.6 

06.3 

12 

111,2 

13.6 

72 

170.7 

21.0 

32 

230.3 

28.3 

i     ^ 

289.8 

36.6 

53 

52.6 

06.5 

13 

112.2 

13.8 

73 

171.7 

21.1 

33 

231.3 

28.4 

93 

290.8 

35.7 

54 

53.6 

06.6 

14 

113.2 

13.9 

74 

172.7 

21.2 

34 

232.3 

28.5 

94 

291.8 

3£.8 

5fi 

54.6 

06.7 

15 

114.1 

14.0 

76 

173.7 

21.3 

35 

233.2 

28.6 

1     95 

292.8 

3€.0 

56 

55.6 

06.8 

16 

115.1 

14.1 

76 

174.7 

21.4 

36 

234.2 

28.8 

1     96 

293.8 

36.1 

61 

56.6 

06.9 

17 

116.1 

14.3 

77 

175.7 

21.6 

37 

235.2 

28.9 

9T 

294.8 

36.2 

58 

57.6 

07.1 

18 

117.1 

14.4 

78 

176.7 

21.7 

38 

236.2 

29.0 

98 

295.8 

36.3 

59 

58.6 

07.2 

19 

118.1 

14.6 

79 

177.7 

21.8 

39 

237.2 

29.1 

9S 

296.8 

36.4 

60 

59.6 

07.3 

20 

119.1 

14.6 

80 

178.7 

21.9 

40 

238.2 

29.2 

S00J297.8 

36.6 

Dist. 

Dep. 

LKt. 

Dist.'  Dep. 

Lat. 

JDist. 

Dep. 

Lat. 

Dist 

Dep.  I  Lat.  iDist.l  Dep.    Lat. 

w 

[For  83  Degrees 

# 

. 

TABLE  IL 

Difference  of  Latitude  and  Departure  for  8  Degrees. 

Lat, 

Dep.| 

Dist. 

Lat. 

Dep. 

Dist. 

r.iit 

l>ep. 

Dist. 

Lat. 

Dep. 

Dial. 

Lat. 

Dep. 

01.0 

00.1 

61 

60.4 

08.6 

121 

119.8 

16.8 

181 

179.2 

25.2 

241 

238.7 

33.6 

!    02.0 

00.3 

62 

61.4 

08.6 

22 

120.8 

17.0 

82 

180.2 

25.3 

42 

239.6 

33.7 

;  03.0 

00.4 

63 

62.4 

08.8 

23 

121.8 

17.1 

83 

181.2 

25.5 

43 

240.6 

33.8 

t,  04  0 

00.6 

64 

63.4 

08.9 

24 

122.8 

17.3 

84 

182.2 

25.6 

44 

241.6 

84.0 

»    05.0 

00.7 

65 

64.4 

09.0 

25 

123.8 

17.4 

85 

183.2 

26.7 

45 

242.6 

34.1 

i    05.9 

00.8 

66 

66.4 

09.2 

26 

124.8 

17.6 

86 

184.2 

25.9 

46 

243.6 

34.2 

r    06.9 

01.0 

67 

66.3 

09.3 

27 

125.8 

17.7t 

87 

186.2 

26.0 

47 

244.6 

34.4 

07.9 

01.1 

68 

67.3 

09.5 

28 

126.8 

17.8 

88 

186.2 

26. 2j 

48 

246.6 

34.6 

>   OS. 9 

01.3 

69 

68.3 

09.6 

29 

127.7 

18.0 

89 

187.2 

26.3 

49 

246.6 

34.7 

>   01.9 

01.4 

70 

69.3 

09.7 

30 

128.7 

18.1 

90 

188.2 

26.4 

60 

247.6 

34.8 

10.9 

01.5 

71 

70.3 

09.9 

131 

129.7 

18.2 

191 

189.1 

26.6 

251 

248.6 

34.9 

.    11.9 

01.7 

72 

71.3 

10.0 

,     32 

130.7 

18.4 

92 

190.1 

26.7 

62 

249.6 

36.1 

i    12.9 

01.8 

73 

72.3 

10.2 

1     33 

131.7 

18.6 

93 

191.1 

26.9 

53 

260.6 

35.2 

I    13.9 

01.9 

74 

73.3 

10.3 

i     34 

132.7 

18.6 

94 

192.1 

27.0 

64 

261.6 

36.8 

)    U.9 

02.1 

75 

74.3 

10.4 

85 

133.7 

18.8 

96 

193.1 

27.1 

55 

252.5 

35.6 

.    15.8 

02.2 

76 

75.3 

10.6 

36 

134.7 

18.9 

96 

194.1 

27.3 

66 

253.6 

36.6 

f    16.8 

02.4 

77 

76.3 

10.7 

37 

135.7 

19.1 

97 

196: 1 

27.4 

67 

264.6 

36.8 

{    17.8 

02.5 

78 

77.2 

10.9 

38 

136.7 

19.2 

98 

196.1 

27,6 

68 

266.5 

35.9 

>    18.8 

02.6 

79 

78.2 

11.0 

39 

137.7 

19.3 

99 

197.1 

27,7| 

69 

266.6 

36.0 

)    19.8 

02.81 

80 

79.2 

U.l 

40 

138.6 

19. 5| 

200 

198.1 

27. 8^ 

60 

257.6 

36.2 

20.8 

02.9. 

81 

80.2 

11.3 

141 

139.6 

19.6 

201 

199.0 

28. 0! 

261 

258.6 

36.3 

I  21.8 

03.  i! 

82 

81.2 

11.4 

42 

140.6 

19. 8i 

02 

200.0 

28.1 

62 

259.6 

36.6 

5  22.8 

03.21 

83 

82.2 

11.6 

43 

141.6 

19.9: 

03 

201.0 

28.3 

63 
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80 

78.6 

15.3 

40 

1.37.4 

26.7 

200 

196.3 

38.2 

60 

256.2 

49.1 

21 

20.6 

04.0 

81 

79.6 

15.6 

141 

138.4 

26.9 

201 

197.3 

88.4! 

261 

256.2 

49.1 

22 

21. 6 

04.2 

82 

80.5 

15.6 

42 

139.4 

27.1 

02 

198.3 

38. 5i!     62 

257.2 

60. ( 

23 

22.6 

04.4 

83 

81.6 

15.8 

43 

140.4 

27.3 

03 

199.3 

38.7 i     63 

258.2 

60.! 

24 

23.6 

04.6 

84 

82.6 

16.0 

44 

141.4 

27.6 

04 

200.3 

38.9 

64 

269.1 

60.- 

25 

24.6 

04.8 

86 

83.4 

16.2 

45 

142.8 

27.7 

05 

201.2 

39.1 

65 

260.1 

50. ( 

36 

25.6 

05.0 

86 

84.4 

16.4 

46 

lH.3 

27.9 

06 

202.2 

39.3 

66 

261.1 

50.1 

27 

26.5 

05.2 

87 

85.4 

16.6 

47 

28.0 

07 

203.2 

39.5 

67 

262.1 

50.! 

28 

27.5 

05.3 

88 

86.4 

16.8 

48 

145.3 

28.2 

08 

204.2 

89.7! 

68 

263.1 

51. 

2? 

28.5 

05.5 

89 

87.4 

17.0 

49 

146.3 

28.4 

09|206.2 

39.9: 

69 

264.1 

61.; 

30 

29.4 

05.7 

90 

88.3 

17.2 

50 

147.2 

28.6 

10  206.1 

40. li 

70 

265.0 

61. i 

81 

30.4 

05.9 

91 

89.3 

17.4 

151 

148.2 

28.8 

211 

207.1 

40. 3j 

271 

266.0 

31.' 

32 

31.4 

06.1 

92 

90.3 

17.6 

52 

149.2 

29.0 

12 

208.1 

40.5 

72 

267.0 

51.1 

33 

32.4 

06.3 

93 

91.3 

17.7 

53 

150.2 

29.2 

laf 

209.1 

40.6 

73 

268.0 

52. 

34 

33.4 

06.5 

94 

92.3 

17.9 

64 

151.2 

29.4 

14 

210.1 

40.8 

74 

269. (^ 

52. i 

35   34.4 

06.7 

96 

93.3 

18.1 

56 

152.2 

29.6 

15 

211.0 

41.0 

75 

269.9 

52.. 

36    35.3 

06.9 

96 

94.2 

18.3 

56 

153.1 

29.8 

16 

212.0 

jfi:^ 

76 

270.9 

52.' 

37    36.3 

07.1 

97 

95.2 

18.5 

57 

154.1 

30.0 

17 

213.0 

41.4 

77 

271.9 

62.1 

38 

37.3 

07.3 

98 

96.2 

18.7 

58 

156.1 

30.1 

18 

214.0 

41.6 

78 

272.9 

53.1 

39 

38.3 

07.4 

99 

97.2 

18.9 

59 

136.1 

30.3 

19 

216. t> 

41.8 

'   79 

273.9 

63.! 

40 

39.3 

07.6 

100 

98.2 

19.1 

60 

157.1 

30.6 

20 

216.0 

42.0 

80 

274.9 

63.' 

41 

40.2 

07.8 

101 

99.1 

191.3 

161 

158.0 

30.7 

221 

216.9 

42.2 

281 

276.8 

63.1 

42 

41.2 

08.0 

02 

100.1 

19.6 

62 

159.0 

30.9 

22 

217.9 

42.4 

82 

276.8 

63.1 

43 

42.2 

08.2 

03 

101.1 

19.7 

63 

160.0 

31.1 

23 

218.9 

42.6 

83 

277.8 

64.1 

44 

43.2 

08.4 

04 

102.1 

19.8 

64 

161.0 

31.3 

24 

219.9 

42.7 

84 

278.8 

54.1 

45 

44.2 

08.6 

05 

103.1 

20.0 

65 

162.0 

31.6 

25 

220.9 

42.9 

85 

279.8 

54.. 

46 

45.2 

08.8 

06 

104.1 

20.2 

66 

163.0 

31.7 

26 

221.8 

48.1 

86 

280.7 

54.1 

47 

46.1 

09.0 

07 

105.0 

20.4 

67 

163.9 

31.9 

27 

222.8 

43.3 

87 

281.7 

54.; 

48 

47.1 

09.2 

08 

lOG.O 

20.6 

68 

164.9 

32.1 

28 

223.8 

43.6 

88 

282.7 

65.1 

49 

48.1 

09.3 

09 

107.0 

20  .-8 

69 

165.9 

32.2 

29 

224.8 

43.7 

89 

283.7 

56. 

60 

49.1 

09.5 

10 

108.0 

21.0 

70 

166.9 

32.4 

30 
l3t 

226.8 

43.9 

90 

284.7 

55.; 

51 

60.1 

09.7 

111 

109.0 

21.2 

171 

167.9 

32.6 

226.8 

44.1 

291 

285.7 

56.1 

62 

51.0 

09.9 

12 

109.9 

21.4 

72 

168.8 

32.3 

32 

227.7 

44.3 

92 

286.6 

65.' 

53 

52.0 

10.1 

13 

110.9 

21.6 

73 

169.8 

33.0 

33 

228.7 

44.5 

98 

287.6 

55! 

54 

53.0 

10.3 

14 

111.9 

21.8 

74 

170.8 

33.2 

34 

229.7 

44.6 

94 

288.6 

56. 

55 

54.0 

10.5 

15 

112.9 

21.9 

75 

171.8 

33.4 

35 

230.7 

^Is'.o 

95 

289.6 

56.; 

66 

56.0 

10.7 

16 

113.9 

22.1 

76 

172.8 

33.6 

3*6 

231.7 

96 

290.6 

56. i 

57 

56.0 

10.9 

17 

114.9 

22.3 

77 

173.7 

33.8 

37 

232.6 

46.2 

97 

291.5 

56.' 

58 

56.9 

11.1 

18 

115.8 

22.5 

78 

174.7 

34.0 

38 

233.6 

46.4 

98 

292.5 

56.! 

59 

57.^ 

11.3 

19 

116.8 

22.7 

79 

175.7 

34.2 

39 

234.6 

45.6 

99:293.6 

57. 

60 

58.9 

11.4 

20 

117.8 

22.9 

80 

176.7 

34.3 

40 

236.6 

45.8 

3001294.5 

67.! 
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28                                             TABLE  IL 

Difierence  of  Latitude  and  Departure  for  12  Degrees. 

Dist.j  Lat.  j  i)ep. 

b\5i 

Lat. 

Dep. 

;Dist.j  Lat. 

Dep. 

Diflt 

Lat. 

Dep 

Dist 

Lat. 

Dep. 

1 

01. C 

00.2 

61 

59.7 

12.7 

121|118.4 
22119.3 

25.2 

181 

177.0 

37.6 

241 

235.7 

60.1 

J 

02. C 

00.4 

62 

60.6 

12.9 

26.4 

8S 

178.0 

37.8 

42 

236.7 

60.3 

< 

02. S 

00.6 

63 

61.6 

13.1 

23120.3 

25.6 

83 

179.0 

38.0 

43 

237.1 

60.6 

! 

03. S 

00.8 

64 

62.6 

13.3 

24121.3 

26.8 

84 

180.0 

38.3 

44 

238.1 

50.7 

£ 

04.g 

01.0 

66 

63.6 

13.6 

25 

122.3 

26.0 

'85 

181.0 

38.6 

4^1 

239. f 

50.9 

6 

05. S 

01.2 

66 

64.6 

13.7 

26 

123.2 

26.2 

86 

181.9 

38.7 

46 

240. t 

61.1 

•3 

06.8 

01.6 

67 

65. £ 

13.9 

27 

124.2 

26.4 

87 

182.9 

38.9 

47 

241  .t 

51.4 

S 

07.8 

01.7 

68 

66.5 

14.1 

28 

125.2 

26.6 

88 

183.9 

39.1 

48 

242. £ 

61.6 

9 

08.8 

01.9 

69 

67.6 

14.3 

29 

126.2 

26.8 

89 

184.9 

39.3 

49 

24^. t 

61.8 

10 

09.8 

02.1 

70 

68.5 

14.6 

30 

127.2 

27.0 

90 

185.8 

39.5 

60 

244. £ 

62.0 

11 

10.8 

02.3 

71 

69.4 

14.8 

131 

128.1 

27.2 

191 

186.8 

39.7 

251 

246. £ 

52.2 

IS 

11.7 

02.6 

72 

70.4 

15.0 

32 

129.1 

27.4 

92 

187.8 

39.9 

62 

246. i 

62.4 

13 

12.7 

02.7 

73 

71.4 

15.2 

33 

130.1 

27.7 

93 

188.8 

40.1 

53 

'247.5 

52.6 

14 

13.7 

02.9 

74 

72.4 

15.4 

34 

131.1 

27.9 

94 

189.8 

40.3 

64 

248.4 

62.8 

la 

14.7 

03.1 

75 

73.4 

15.6 

35 

132.0 

•28.1 

95 

190.7 

40.5 

65 

249.4 

63.0 

16 

15.7 

03.3 

76 

74.8 

16.8 

36 

133.0 

28.3 

96 

191.7 

40.8 

56 

250.4 

53.2 

17 

16.6 

03.5 

77 

75.3 

16.0 

37 

134.0 

28.5 

•97 

192.7 

41.0 

67 

261.4 

53.4 

18 

17.6 

03.7 

78 

76.3 

16.2 

38 

135.0 

28.7 

98 

193.7 

41.2 

68 

252.4 

53.6 

19 

18.6 

04.0 

79 

77.3 

16.4 

39 

136.0 

•28.9 

99 

r94.7 

41.4 

69 

253. a 

53.8 

20 

19.6 

04.2 

80 

78.3 

16.6 

40 

136.9 

29.1 

200 

195.6 

41.6 

6t 

254.  C 

54.1 

21 

20.6 

04.^ 

81 

79.2 

16.8 

141 

137.9 

29.3 

201 

196.6 

41.8 

261 

256. 1 

54.5 

22 

21.6 

04.6 

82 

80.2 

17.0 

42 

138.9 

29.6 

02 

197.6 

42.0 

62 

2.^6.1 

54.5 

23 

t2.6 

04.8 

83 

81.2 

17.3 

43 

139.9 

29.7 

03 

198.6 

42.2 

63 

257.5 

54.7 

24 

23.5 

05.0 

84 

82.2 

17.5 

44 

140.9 

29.9 

04 

199.6 

42.4 

64 

258.2 

54.9 

25 

24.6 

05.2 

85 

83.1 

17.7 

45 

141.8 

30.1 

06 

200:6 

42.6 

65 

259.2 

55.1 

26 

25.4 

06.4 

86 

84.1 

17.9 

46 

142.8 

30.4 

•06 

201.5 

42.8 

66 

260.2 

65-3 

27 

26.4 

05.6 

87 

86.1 

18.1 

47 

143.« 

1^30.6 

07 

202.5 

43.0 

67 

261.2 

55.5 

28 

27.4 

06.8 

88 

86.1 

18.3 

48 

144.8 

30.8 

08 

203.5 

43.2 

68 

262.1 

55.7 

29 

28.4 

06.0 

89 

87.1 

18.6 

49 

146.7 

31.0 

09 

204.4 

43.6 

69 

263.1 

55.9 

30 

29.3 

06.2 

90 

88.0 

18.7 

60 

146.7 

31.2 

10 

205.4 

48.7 

70 

264.1 

56.1 

31 

30.3 

06.4 

91 

89.0 

18.9 

161 

147.7 

31.4 

211 

206.4 

43.9 

271 

265.1 

56.3 

32 

31.3 

06.7 

92 

90.0 

19.1 

62 

148.7 

31.6 

12 

207.4 

44.1 

72 

266.1 

56.6 

33 

32.3 

06.9 

93 

91.0 

19.3 

63 

149.7 

31.8 

13 

208.3 

44.3 

73 

267.0 

56.8 

34 

33.3 

07.1 

94 

91.9 

19.5 

64 

150.6 

32. 0 

14 

209.3 

44.5 

74 

268.0 

57.0 

35 

34.2 

07.3 

96 

92.9 

19.8 

65 

161.6 

32.2 

16 

210.3 

44.7 

76 

269.0 

67.2 

36 

35.2 

07.5 

96 

93.9 

20.0 

66 

152.6 

32.4 

16 

211.3 

44.^ 

76 

270.0 

67.4 

37 

36.2 

07.7 

97 

94.9 

20.2 

67 

153.6 

32.6 

17 

212.3 

46.1 

77 

270.9 

67.6 

38 

37.2 

07.9 

98 

96.9 

20.4 

58 

164.5 

32.9 

18 

213.2 

46.3 

78 

271.9 

67.8 

39 

38-.  1 

08.1 

99 

96.8 

20.6 

69 

166.6 

33.1 

19 

214.2 

46.6 

79 

272.9 

68.0 

40 

39.1 

08.3 

100 

97.8 

20.8 

60 

166.6 

33.3 

20 

216.2 

46.7 

80 

273.9 

68.2 

41 

40.1 

08.6 

101 

98.8 

21.0 

161 

167.5 

33.5 

221 

216.2 

46.9 

281 

274.9 

68.4 

42 

41.1 

08.7 

02 

99.8 

21.2 

62 

168.6 

33.7 

22 

217.1 

46.2 

82 

275.8 

68.6 

43 

42.1 

08.9 

03 

100.7 

21.4 

63 

169.4 

33.9 

23 

218.1 

46.4 

83 

276.8 

68.8 

44  4S.0| 

09.1 

04 

101.7 

21.6 

64 

160.4 

34.1 

24 

219.1 

46.6 

84 

277.8 

•^9.0 

46  44.01 

09.4 

05 

102.7 

21.8 

€6 

161.4 

34.3 

26 

220.1 

46.8 

86 

878-8 

6^.3 

46 

45.0 

09.6 

06 

103.7 

22.0 

66 

162.4 

34.5 

26 

221.1 

47.0 

86 

279.8 

69.6 

47 

46.0 

09.8 

07 

104.7 

22.2 

67 

168.4 

34.7 

27 

222.0 

47.2 

87 

280.7 

69.7 

48 

47.0 

10.0 

08 

106.7 

22.5 

68 

164.3 

34.9 

28 

223.0 

47.4 

88 

281.7 

69.9 

49 

47.9 

10.2 

09 

106.6 

22.7 

69 

166.3 

35.1 

29 

224.0 

47.6 

89 

282.7 

60.1 

60 

48.9 

10.4 

10 

107.6 

22.9 

70 

166.3 

36.3 

30 

226.0 

47.8 

90 

283.7 

60.3 

51 

49.9 

10.6 

111 

108.6 

23.1 

171 

167.3 

35.6 

231 

226.0 

48.0 

291 

284.6 

60.6 

62 

50.9 

10.8 

12 

109.6 

23.3 

72 

168.2 

36.8 

32 

226.9 

48.2 

92 

286.6 

60.7 

63 

51.8 

11.0 

13 

110.6 

23.6 

73 

169.2 

36.0 

33 

227.9 

48.4 

93 

286.6 

60.9 

64 

52.8 

11.2 

14 

in. 6 

23.7 

74 

170.2 

36.2 

34 

228.9 

48.7 

94 

287.6 

61.1 

56 

53.8 

11.4 

15 

U2.6 
h3.5 

23.9 

75 

171.2 

36.4 

35 

229.9 

48.9 

96 

288.6 

61.3 

66 

64.8 

n.6 

16 

24.1 

76 

m.2 

36.6 

36 

W0v8 

49.1 

96 

289.5 

61^6 

67 

66.8 

11.9 

17 

114.4 

24.3 

77 

173.1 

36.8 

37 

231.8 

49.3 

97 

390.5 

61.7 

68 

56.7 

12.1 

18 

1^5.4 

24.6 

78 

174.1 

37.0 

38 

lai.B 

49.6 

98 

291.5 

62.0 

69 

67.7 

12.3 

19 

116.4 

24.7 

79 

176.1 

37.2 

39 

233.8 

49.7 

99 

892.6 

6S.2 

^. 

68.7 

12.5 

201 

117.4 

24.9 

80 

I76:i 

37.4 

4 

S34.8 

49.9 

3001 

m.4 

6S.4 
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TABLE  n.                                             » 

IWer^ee  of  Lutitnde  and  Departdre  for  13  Degrees; 

"birt 

Lm. 

Dep. 

,l>Ut 

Ut 

,Dep. 

iDirt. 

Lat. 

Dep. 

Dirt 

Lat. 

Dep. 

Dirt 

Lat.., Dep.    ) 

01.0 

00.2 

61 

59.4 

13.7 

121 

117. 9 

27.2 

181 

176.4 

40.7 

241 

234.8 

64.2 

01.9 

00.4 

62 

60.4 

13.9 

22 

118.9 

27.4 

82 

177.3 

40.9 

42 

235.8 

64.4 

02.9 

00.7 

6S 

61.4 

14.2 

23 

119.8 

27.7 

83 

178.3 

41.2 

43 

236.8 

54.7 

03.9 

00.9 

64 

62.4 

14.4 

24 

120.8 

27.9 

84 

179.3 

41.4 

44 

237.7 

64.9 

04.9 

01.1 

6d 

63.3 

14.6 

25 

12i:8 

28.1 

86 

180.3 

4K6 

46 

238.7 

65.1 

05.8 

01.3 

66 

64.3 

14.8 

26 

122.8 

28,3 

86 

181.2 

41.8 

46 

239.7 

66.3 

06.8 

01.6 

67 

65.3 

15.1 

27 

123.7 

28.6 

87 

182.2 

42.1 

47 

240.7 

66.6 

07.8 

01.8 

68 

66.3 

15.3 

28 

124.7 

28.8 

88 

183.2 

42.3 

48 

241.6 

65.8 

08.8 

02.0 

69 

67.2 

15.6 

29 

125.7 

29.0 

89 

184.2 

42.5 

49 

242.6 

66.0 

09.7 

02.2 

70 

68.2 

15.7 

30 

126.7 

29.2 

90 

185.1 

42.7 

60 

243.6 

66.2 

10.7 

02.5 

71 

69.2 

16.0 

131 

127.6 

29.6 

191 

186.1 

43.0 

231 

244.6 

66.5 

n.7 

02.7 

72 

70.2 

16.2 

32 

128.6 

29.7 

92 

187.1 

43.2 

62 

245.5 

66.7 

12.7 

02.9 

73 

71.1 

16.4 

33 

129.6 

29.9 

93 

188.1 

43.4 

53 

246.5 

66.9 

13.6 

03.1 

74 

72.1 

16.6 

34 

130.6 

30.1 

94 

189.0 

43.6 

54 

247.6 

57.1 

14.6 

03.4 

76 

73.1 

16.9 

36 

131.5 

30.4 

96 

190.0 

43.9 

56 

248.6 

67.4 

15.6 

03.6 

76 

74.1 

17.1 

36 

132.5 

30.6 

96 

191.0 

44.1 

66 

249.4 

57.6 
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12.6 

03.4 

73 

70.5 

18.9 

33 

128.5 

34.4 

93 

186.41  60.01 

63 

244.4 

65. 

u 

13.6 

03.6 

74 

71.5 

19.2 

34 

129.4 

34.7 

94 

187.4 

50.2 

54]245.3i  65. 

u 

14.5 

03.9 

75 

72.4 

19.4 

35 

130.4 

34.9 

95 

188.4 

50.5 

56 

246.31  66. 

u 

15.6 

04.1 

.  76 

73.4 

19.7 

36 

131.4 

36.2 

•96 

189.3 

50.7 

56 

247.3!  66. 

Zl 

16.4 

04.4 

77 

74.4 

19.9 

37 

132.3 

36.5 

97 

190.3 

51.0 

67 

248.2'  66. 

18 

17.4 

04.7 

78 

76.3 

20.2 

38 

133.3 

35.7 

98 

191.3 

51.2 

68 

249.21  66. 

IS 

18.4 

04.9 

n 

76.3 

20.4 

39 

134.3 

36.0 

99 

192.2 

61.5 

69 

250.2    67. 

2C 

19. 3 

05.2 

80 

77.3 

20.7 

40 

135.2 

36.2 

200 

193.2 

51.8 

60 

251. li  67. 

SI 

20.3 

05.4 

81 

78.2 

21.01 

141 

136.2 

36.5 

201 

194.2 

52.0 

261262.1'  67. 

22 

213 

05.7 

82 

79.2 

21.2 

42 

137.2 

36.8 

02 

196.1 

52.3 

62253.1!  67. 

23 

22.2 

06.0 

8^ 

80.2 

21.5 

43 

138.1 

37.0 

03 

196.1 

52.5 

63 

254. Ol  68. 

24 

23.2 

06.2 

84 

81.1 

21.7 

44 

139.1 

37.3 

04 

197.0 

52.8 

64 

255.0;  68. 

.       25 

24.1 

06.5 

86 

82.1 

22.0 

45 

140.1 

37.5 

05 

198.0 

53.1 

65 

256. Oj  68. 

26 

25.1 

06.7 

86 

83.1 

22.3 

46) 

141. 0 

37.8 

06 

199.0 

53.3 

66 

256.9   68. 

27 

26.1 

07.0 

87 

84.0 

22.5 

47 

142.0 

38.0 

07 

199.9 

53. 6 

67 

257.9 

69. 

28 

27.0 

07.2 

88 

86.0 

22.8 

48 

143.0 

33.3 

08 

200.9 

53.8 

68 

258.9 

69. 

29 

28.0 

07.5 

89 

86^0 

23.0 

49 

143.9 

38.6 

09 

201.9 

54.1 

69 

259.8 

69. 

qo   29.0 

07.8 

90 

86.9 

28.3 

50 

144.9 

38.8 

10 

202.8 

54.4 

70(260.8 

69. 

31    •2?9.9 

08.0 

91 

87.9 

23.6 

151 

145.9 

39.1 

211 

203.8 

54.6 

271|261.8 

70. 

32    30.9 

08.3 

92 

88.9 

28.8 

62 

146.8 

89.3; 

12 

204.8 

54.9 

72  262.7 

70. 

33 

31.9 

08.5 

93 

89.8 

24.1 

63 

147.8 

39.6i 

13 

205.7 

65.1 

73263.7 

70. 

34 

32.3 

08.8 

94 

90.8 

24.3 

64 

148.8 

39.9' 

14 

206.7 

56.4 

74  264.7 

70. 

36 

33.  S 

09.1 

95 

^91.8 

24.6 

65 

149.7 

40.1 

15 

207.7 

65.6 

75(265.6 

71. 

86 

34.8 

09.3 

96 

92.7 

24.8 

56 

150.7 

40.4 

16 

208.6 

55.9 

76  266.6 

71. 

37 

35.7 

09. 6i 

97 

93.7 

25.1 

57 

151.7 

40.6 

17 

209.6 

56.2 

77  267.6 

71. 

38 

36.7 

09.8 

98 

94.7 

26.4 

68 

152.6 

40.9 

181210.6 

56.4 

78  268.5 

72. 

39 

37.7 

^  10.1 

99 

96.6 

26.6 

69 

153.6 

41.2 

19 

211.5 

56.7 

79269.5 

72. 

40 

33.6 

10.4 

100 

96.6 

25.9 

60 

164.5 

•41.4 

20 

212.5 

56.9 

80270,5 

72. 

41 

39.6 

10.6 

101 

97.6 

26.1 

161 

165.5 

41.7 

221 

213.5 

57.2 

281271.4 

72" 

42 

40.6 

10.9 

02 

98.6 

26.4 

62 

166.5 

41.9 

22 

214.4 

57.5 

82272.4 

73.1 

43 

41.5 

11.1 

03 

99.5 

26.7 

63 

157.4 

42.2 

23 

216.4 

57.7 

83273.4 

73. 

44 

42.6 

11.4 

04 

100.5 

26.9 

64 

158.4 

42.4 

24 

216.4 

68.0 

84,274.3 

73. 

46 

43.6 

11.6 

05 

101.4 

27.2 

65 

169.4 

42.7 

25 

217.3 

68.2 

851276.3 

73. 

46 

44.4 

11.9 

06 

102.4 

27.4 

66 

160.3 

43.0,     26 

218.3 

58.5 

86276.8 
8r277.2 

74. 

47 

46.4 

12. S 

07 

103.4 

27.r 

67 

161.3 

43.2i     27 

219.3 

68.8 

74. 

48 

46.4 

12.4 

08 

104.3 

28.0 

68 

162.3 

43.5      28 

220. 2i 

59.0 

88278.2 

74. 

49 

47.3 

12.7 

09 

105.3 

28.2 

69 

163.2 

43.7 »     29 

221.2 

69.3 

89279.2 

74. 

60 

p48.3 

12.9 

10 

106.8 

28.6 

70 

164.2 

44.0!     30 

222.2 

69.6 

90280.1 

75. 

61 

49.3 

13.2 

111 

107.2 

28:7 

171 

165.2 

44.3 

231 

223.1 

59.8 

291281.1 

75. 

62 

60.2 

13.5 

12 

108.2 

29.0 

72 

166.1 

44.51 

32 

224.1 

60.0 

92282.1 

75.' 

63 

61.2 

13.7 

13 

109. V  29.21 

73 

167.1 

44.8 

P 

225.1 

60.3 

93283.0 

75. 

64 

62.2 

14.0 

14 

110.1 

29.5 

74 

168.1 

45.0 

b4 

226.0 

60.6 

94|284.0 

76. 

66 

63.1 

14.2 

15 

111.1 

29.8 

75 

169.0 

46.3 

35 

227.0 

60.8 

95  284.9 

76.' 

66 

64.1 

14.5 

16 

112.0 

30.0 

76 

170.0 

45.6 

36 

228.0 

61.1 

96  285.9 

76.1 

67 

66.1 

14.8 

17 

113.0 

30.3 

77 

171.0 

45.8 

37 

228.9 

61.3 

97286.9 

76.1 

68 

66.0 

16.0 

18 

114.0 

30.6 

78 

171.9 

46.1 

38 

229.9 

61.6 

98287.8 

77. 

69 

67.0 

16.3 

19 

114.9 

30.8 

79 

172.9 

46.3 

39 

230.9 

61.9 

99  288.8 

77.^ 

60 

58.0 

15.5 
Lat. 

20 

115.9 

31.1 

80 

173.9 

46.6 

40 

231.8 

62.1 

300  289.8 

77.1 

dSE 

Vep.^ 

Dist.  Dep: 

lAt. 

birt. 

Dep. 

Lat.  iDiBt 

Dep. 

Lat. 

Dist.  Dep.    Lat. 

• 
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[For  75  Degreei 
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TABL£  n: 

PUferenee  of  LaHtade  ttid  Departiirefor  l6  Degrees. 

Dist.|  Lat. 

Dep. 

Diat 

Lat 

Dep. 

Dirt. 

Lat.i 

,Dep. 

Dbt. 

Lat 

Dep. 

Kit 

Lat, 

D^.    i 

1 

01.0 

00.3 

61 

68.6 

16.8 

121 

116.3 

33.4 

181 

^74.0 

49.9 

241231.71 

66.4  ; 

2 

01.9 

00.6 

62 

69.6 

17.1 

22 

117.3 

33.6 

82 

174.9 

60.2 

42 

232.ri 

66.7  1 

3 

02.9 

00.8 

63 

60.6 

17.4 

23 

118.2 

33.9 

83 

176.9 

60.4 

43233.61 

67.0 

4 

03.8 

01.1 

64 

61.6 

17.6 

24 

119.2 

34.2 

84 

176.9 

60.7 

44 

234.6 

67.3 

5 

04.8 

01.4 

65 

62.6 

17.9 

26 

120.2 

34.5 

85 

177.8 

51.0 

45 

236.6 

67.5 

6 

06.8 

01.7 

66 

63.4 

18.2 

26 

121.1 

34.7 

86 

178.8 

61.3 

46  236.6 

67.8 

7 

06.7 

01.9 

67 

64.4 

18.6 

27 

122.1 

36.0 

87 

179.8 

61.6 

47 

287.4 

n\ 

8 

07.7 

02.2 

68 

66.4 

18.7 

96 

123.0 

36.3 

88 

180.7 

61.8 

48(238.-^ 

9 

08,7 

02.5 

69 

66.3 

19.0 

29 

124.0 

36.6 

89 

181  .J 

62.1 

49i239.4 

68.6 

10 

09.6 

02.8 

70 

67.3 

19.3 

30 

125.0 

36.8 

90 

182.6 

62.4 

601240.8 

68.9 

11 

10.6 

03.0 

71 

68.2 

19.6 

131 

126.9 

36.1 

191 

188.6 

52.6 

2611241.8 

69.2 

12 

11.6 

08.3 

72 

69.2 

19.8 

32 

126.9 

36.4 

92 

184.6 

62.9 

62  242.2 

69.5 

13 

12.6 

03.6 

73 

70.2 

20.1 

33 

127.8 

36.7 

93 

186.6 

53.2 

63*48.2 

69.7 

14 

13.5 

03.9 

74 

71.1 

20.4 

34 

128.8 

36.9 

94 

186.6 

63.6 

54244.2 

70.0 

13 

14.4! 

04.1 

76 

72.1 

20.7 

35 

129.8 

37.2 

96 

187.4 

63.7 

65  245.1 

70.3 

16 

16.4 

04.4 

76 

73.1 

20.9 

36 

130.7 

87.6 

96 

188.4 

64.0 

66  246.1 

70.6 

17 

16.3 

04.7 

77 

74.0 

21.2 

37 

131.7 

37.8 

97 

189.4 

64.3 

671247.0 

70.8 

18 

17.3 

06.0 

78 

76.0 

21.6 

38 

132.7 

38.0 

98 

190.8 

64.6 

68l24d.0 
69it49.0 

71.1 

19 

18.3 

05.2 

79 

76.9 

21.8 

39 

133.6 

38.3 

99 

191.3 

64.9 

71,4 

20 

19.2 

06.6 

80 

76.9 

22.1 

40 

134.6 

38.6 

200 

192.3 

55.1 

60|249.9 

71.7 

21 

20.2 

06.8 

81 

77.9 

22.3 

141 

135.5 

38.9 

201 

193.2 

66.4 

2611250.9 

71.9 

22 

21.1 

06.1 

82 

78.8 

22.6 

42 

136.6 

39.1 

02 

194.2 

66.7 

62 

261.9 

72.2 

23 

22.1 

06.3 

83 

79.8 

22.9 

43 

137.6 

39.4 

03 

196.1 

66.0 

63 

252.8 

72.5 

24 

23.1 

06.6 

84 

80.7 

23.2 

44 

138.4 

39.7 

04 

196.1 

66.2 

64 

268.8 

72.8 

25 

24.0 

06.9 

86 

81.7 

23.4 

46 

139.4 

40.0 

06 

197.1 

66.6 

66 

254.7 

73.0 

26 

25.0 

07.2 

86 

82.7 

23.7 

46 

140.3 

40.2 

06 

198.0 

66.8 

66 

256.7 

78.8 

27 

26.0 

07.4 

87 

83.6 

24.0 

47 

141.3 

40.6 

07 

199.0 

67.1 

67 

256.7 

78.6 

28 

26.9 

07.7 

88 

84.6 

24.3 

4S 

142.3 

40.8 

08 

199.9 

67.3 

68 

257.6 

78.9 

29 

27.9 

08.0 

89 

86.6 

24.5 

49 

143.2 

41.1 

09 

200.9 

67.6 

69 

258.6 

74.1 

30 

28.8 

08.3 

90 

86.6 

24.8 

60 

144.2 

41.3 

10 

SOI. 9 

67.9 

1     W 

269.5 

74.4 

31 

29.8 

08.5 

91 

87.6 

26.1 

151 

146.2 

41.6 

211 

202.8 

68.2 

i  271 

260.6 

74.7 

32 

30.8 

08.8 

92 

88.4 

26.4 

62 

146.1 

41.9 

12 

203. £ 

68.4 

72 

261.5 

75.0 

33 

31.7 

09.1 

93 

89.4 

26.6 

63 

147.1 

42.2 

13 

204.7 

68.7 

73 

262.4 

76.2 

34 

32.7 

09.4 

94 

90.4 

26.9 

64 

148.0 

42.4 

14 

206.7 

69.0 

I    '^^ 

268.4 

75.5 

3d 

33.6 

09.6 

96 

91.3 

26.2 

66 

149.0 

42.7 

16 

206.7 

69.3 

•76 

264.8 

75.8 

36 

34.6 

09.9 

96 

92.3 

26.5 

66 

160.0 

43.0 

16 

207.6 

69.6 

76 

266.3 

76.1 

37 

36.6 

10.2 

97 

93.2 

26.7 

67 

150.9 

43.3 

17 

208.6 

69.8 

77 

266.3 

76.4 

38 

36.6 

10.6 

98 

94.2 

27.0 

68 

161.9 

43.6 

18 

209.6 

60.1 

78 

267.2 

76.6 

39 

37.6 

10.7 

99 

96.2 

27.3 

69 

162.8 

4^.8 

19 

20 

210.6 

60.4 

79 

268.2 

76.9 

40 

38.6 

11.0 

100 

96.1 

27.6 

60 

163.8 

44.1 

211.6 

60.6 

80 

269.2 

77.2 

41 

39.4 

11.3 

101 

97.1 

27.8 

161 

164.8 

44.^ 

221 

212.4 

60.9 

2811270.1 

77.5 

42 

40.4 

11.6 

02 

98.0 

28.1 

62 

156.7 

44.7 

22 

213.4 

61:2 

821271. 1 

77.7 

43 

41.3 

11.9 

03 

99.0 

28.4 

63 

166.7 

44.9 

23 

214.4 

61.6 

83 

272.0 

78.0 

44 

42.3 

12.1 

04 

100.0 

28.7 

64 

167.6 

46.2 

24 

216.3 

61.7 

84 

278.0 

78.3 

45 

43.3 

12.4 

06 

100.9 

28.9 

66 

168.6 

46.6 

25 

216.3 

62.0 

86 

274.0 

78.6 

46 

44.2 

12.7 

06 

101.9 

29.2 

66 

169.6 

46.8 

26 

217.2 

62.3 

86 

274.^ 

78.8 

47 

45.2 

13.0 

07 

102.9 

29.5 

67 

160.6 

46.0 

27 

218.2 

62.6 

87 

275.9 

79.1 

48 

46.1 

13.2 

08 

108.8 

29.8 

68 

161.6 

46.3 

28 

219.2 

62.8 

88 

276.8 

79.4 

49 

47.1 

13.6 

09 

104.8 

30.0 

69 

162.6 

46.6 

29 

220.1 

63.1 

89 

277.8 

79.7 

50 

48.1 

13.8 

10 

106.7 

30.3 

70 

163.4 

46.9 

80 

221.1 

63.4 

90 

278.8 

70.9 

51 

49.0 

14.1 

111 

106.7 

30.6 

171 

164.4 

47.1 

231 

222.1 

63.7 

291 

279.7 

80.2 

52 

50.0 

14.3 

12 

107.7 

30.9 

72 

165.3 

47.4 

32 

223.0 

68.9 

92 

280.7 

80.5 

53 

50.9 

14.6 

13 

108.6 

31.1 

73 

166.3 

47.7 

33 

224.0 

64.2 

93 

281.6 

80.8 

54 

51.9 

14.9 

14 

109.6 

31.4 

74 

167.3 

48.0 

34 

224.9 

64.5 

94 

282.6 

81.8 

55 

52.9 

15.2 

15 

110.6 

31.7 

75 

168.2 

48.2 

35 

225.9 

64.8 

96 

288.6 

81.3 

66 

63.8 

15.4 

16 

111.6 

32.0 

76 

169.2 

48.5 

36 

226.9 

66.1 

96 

»4.^ 

81.6 

67 

64.8 

15.7 

17 

112.6 

32.2 

77 

170.1 

48.8 

37 

227.8 

66.3 

97 

285.5 

81.9 

68 

56.8 

16.0 

18 

113.4 

82.5 

78 

171.1 

49.1 

38 

228.8 

66.6 

98 

286.5 

82.1 

59 

66.7 

16.3 

19 

114.4 

32.8 

79 

172.1 

49.3 

39 

229.7 

66.9 

99 

287.4 

82.4 

60 

67.7 

16.6 

20 

116.4 

33.1 

80 

173.0 

49  6 

40 

230.7 

66.2 

800 

288.4 

82.7 

bbt.!  Dep. 

Lat. 

Dut. 

Dep. 

tat 

Dist. 

Dep. 

Lat. 

Dlst  Dep. 

Lat 

Dist. 

Dep. 

Lat. 
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TABLE  IL 

3 

Difference  of  Latitude  and  Depart 

lire  for  17  Degrees. 

Dist.  Lat.    Dop. 

Oist. 

Lat. 

Dep. 

Dist.;  Lat.  j 

Dep. 

Dist.;  Lat.    lh'\).  1 

Dist.,  Lat. 

Deji. 

1    01.0   00.3 

61 

53.3 

17.8, 

121  115.71 

35.4 

181  173.1 

52.9 

241230.5 

10. i 

2  01.9   00.6 

62 

59.3 

18.1 

22 

116.7 

35.7 

82  174.0 

53.2 

42  231.4 

lOA 

3;  02.9    00.9 
4   03.8    01.2 

63 

60.2 

18.4 

23 

117.6 

36.0 

.   831175.0 

53.5 

43232.4 

71. { 

64 

61.2 

18.7: 

24 

118.6 

36.3 

84176.0 

53.8 

44  233.3 

71.; 

6   04.8    01.5 

65 

62.2 

19.0 

25 

119.5 

36.5 

85  176.9 

54.1 

45  234.3 

71. < 

6   05.7   01.8 

66 

63.1 

19.3 

26 

120.6 

36.8 

86  177.9 

54.4 

46  235.3 

71.! 

7|  06.71  02.0 

67 

64.1 

19.6 

27 

121.5 

37.1 

871178.8 

54.7 

47  236.2 

72.! 

8   07. 7|  02.3 

C8 

65.0 

19.9 

28 

122.4 

37.4 

08!  179. 8 

55.0 

48  237.2 

72. J 

9   08.61  02. C 

69 

66.0 

20.2 

29 

123.4 

37.7 

89|180.7 

65.3 

49|238.1 

72.1 

10   09. 6j  02.9 

70 

66.9 

20.5 

30 

124.3 

38.0 

90  181.7 

55.6 

50!239 . 1 

73. 

11    10. 5l  03.2 

71 

67.9 

20.8 

131 

125.3 

38.3 

191 

182.7 

55.8 

251 

^40.0 

73.' 

12    11. 5i  03.. 5 

72 

68.9 

21.1 

32 

126.2 

38.6 

92 

183.6 

56.1 

52 

241.0 

73.' 

13    12. 4i  03.8 

73 

69.8 

21.3 

33 

127.2 

38.9 

93 

184.6 

56.4 

63 

241.9 

74.1 

14 

13.4 

04.1 

74 

70.8 

21.6 

34 

128.1 

39.2 

94 

186.5 

56.7 

64 

242.9 

74.: 

15 

14.3 

04.4! 

75 

71.7 

21.9 

35 

129.1 

39.5 

95 

186.5 

57.0 

65 

243.9 

74. 

16 

15.3 

04.7} 

76 

72.7 

22.2 

36 

130.1 

39.8 

96 

187.4 

57.3 

66 

244.8 

74. 

17 

16.3 

05.01 

77 

73.6 

22.6' 

37 

131.0 

40.1 

97 

188.4 

67.6 

'     67 

245.8 

75. 

18 

17.2 

05.31 

78 

74.6 

22.8 

38 

132.0 

40.3 

98 

189.3 

57.9 

1     68 

246.7 

75. 

19 

18.2 

05. 6| 

79 

76.6 

23.1 

39 

132.9 

'10.6 

99 

190.3 

58.2 

69 

247.7 

75. 

20|  19.1 

05.8 

80 

76.5 

23.41 

40 

l.'^3.9 

40.9 

200 

191.3 

.58.5 

60 

248. 6 

76. 

21 

20.1 

06.1 

81 

77.5 

23.7 

141 

134.8 

41.2 

201 

192.2 

5.^.8 

261 

249.6 

"76T 

22 

21.0 

06.4 

82 

78.4 

24.0. 

42 

135.8 

41.5 

02 

193.2 

59.1 

62 

250.6 

76. 

23 

22.0 

06.7 

83 

79.4 

24.3 

43 

136.8 

41.8 

03 

194.1 

69.4 

63 

251.5 

76. 

24 

23.0   07.0 

84 

80.3 

24.6' 

44 

137.7 

42.1 

04il95.1 

59.6 

64 

252.5 

77. 

25 

23.9 

07.3 

85 

81.3 

24.9 

45 

133.7 

42.4 

051196.0 

59.9 

65 

253.4 

77. 

26 

24.9 

07.6 

86 

82.2 

25.1; 

46 

139.6 

42.7 

O€!l97.0 

60.2 

66 

2,54.4 

77. 

27 

25.8 

07.9 

87 

83.2 

25.4 

47 

140.6 

43. U 

07|  198.0 

60.5 

67 

2.55.3 

78. 

28 

26.8 

08.2 

88 

34.2 

25.7 

48 

141.6 

43.3 

081198.9 

60.8 

68 

2J6.3 

78. 

29 

27.7 

08.. 5 

89 

85.1 

26.0 

49 

142.5 

43.6 

09 

199.9 

61.1 

69 

257.2 

78. 

30 

28.7 

08.8 

90 

86.1 

26.3 

60 

143.4 

43.9 
44.1 

10 

200^  P. 

61.4 

70 

271 

2.58. 2|  7a. 

31 

29.61  09.1 

91 

87.0 

26.6 

131 

M4.4 

211 

Wl.h 

61.7 

259.21  711. 

32 

3C.6 

09.4 

92 

88.0 

26.91 

52 

145.4 

41..  4 

1     12 

202.7 

62.0 

1     72 

260.1 

79. 

33 

31.6 

09. C, 

93 

88.9 

27. 2i 

63 

146.3 

U.l 

13 

2'J3.7 

62.3 

73 

201.1 

79. 

34    32-5 

09.9' 

94 

89.9 

27.. 0; 

64 

147.3 

45.0 

14 

204.6 

62.6 

74 

262.0 

80. 

35    33-5 

10.2 

9b 

90.8 

27.  «i 

55 

148.2 

45.3 

15 

205.6 

62.9 

75 

263.0 

80. 

36    34.4 

10.  rj 

9(J 

91.8 

28.1 

66 

149.2 

45.6 

IG 

206.6 

63.2 

76 

263.9 

80. 

37    35.4 

10. si 

97 

92.8 

28.4 

67 

150.1 

45.9 

17 

207.5 

63.4 

77 

264.9 

81. 

38    36.3 

11.11 

90 

93./ 

28.71 

68 

151.1 

46.2 

18 

208.5 

63.7 

78 

265.9 

81. 

39 

37.3'    11.4 

99 

94.7 

28.9' 

59 

152.1 

46.5 

19J209.4 

64.0 

79 

266.8 

81. 

40 

38.31   11.7 

100 

95.6 

29.2! 

60 

1,53.0 

46.8 

20 

210.4 

64.3 

1     80 

267.8 

81. 

41 

39.2    12.0 

101 

96.6 

29.5' 

"hTT 

154.0 

47.1 

221 

211.3 

64.6 

281 

268. 7 

82" 

42 

40.2    12.3 

02 

97.5 

29.  «i 

62 

1.54.9 

47.4 

22 

212.3 

64.9 

82 

269.7 

82. 

43 

41.1     12.6 

03 

98.5 

30.1 

63 

155.9 

47.7 

23 

213.3 

66.2 

1     83 

270.6 

82. 

44 

42.  ij   12.9 

04 

99.6 

30.4 

64 

156.8 

47.9 

24 

214.2 

65.5 

!     84 

271.6 

83. 

45 

43.01   13.2 

06 

100.4 

30.7 

65 

157.8 

48.2 

25 

215.2 

65.8 

1     85 

272.fi 

83. 

46 

44.0:   13.4 

06 

101.4 

31.0 

66 

158.7 

48.5 

26 

216.1 

66.1 

!     86 

273.5 

83. 

47 

44.9    13.7 

07 

102.3 

31.3! 

67 

159.7 

48.8 

27 

217.1 

66.4 

87 

274.  J5 

8.}. 

48 

46.9]   14.0 

08 

103.3 

31.61 

68 

160.7 

49.1 

2e 

218.0 

66.7 

88 

275.4 

84, 

49 

46. 9:   U.3 

09 

104.2 

31.9, 

69 

161.6 

49.4 

29 

219.0 

67.0 

89 
1     9(i 

276.4 

84. 

50|  47.8 

14.6 

10 

105.2 

32.2 

70 

162.6 

49.7 

30 

220.0 

67.2 

277.3 

84. 

61|  48.8 

14.9 

111 

106.1 

32.51 

171 

163.5 

50.0 

231 

220.9 

67.5 

291 

278.  J 

n5 . 

62!  49.7 

15.2 

12 

107.1 

32. 7J 

72 

164.6 

50.3 

32 

221.9 

67.8 

1     92 

279.2 

85, 

63l  50.7 

15.6 

13 

108.1 

33.0 

73 

166.4 

50.6 

33 

222.8 

68.1 

i     93 

280.2 

85. 

64l  61.6 

16.8 

14 

109.0 

33.3 

74 

166.4 

50.9 

34 

223.8 

68.4 

94 

281.2 

86, 

551  62.6 

16.1 

16 

110.0 

33.6 

75 

167.4 

51.2 

35 

224.7 

68.7 

95 

282 . 1 

hG 

66]  63.61   16.4 

16 

110.9 

33.9! 

76 

168.3 

51.5 

36 

225.7 

69.0 

96 

283.1 

86 

67:  54.5 

16.7 

17 

111.9 

34. 2I 

77 

169.3 

51.7 

37 

226.6 

69.3 

97 

284.  (] 

86 

68    65.6 

17.0 

18 

112.8 

34. 5| 

78 

170.2 

52.0 

38 

227.6 

69.6 

98 

235.  C 

87 

69    66.4 

17.2 

19 

113.8 

34.8 

79 

171.2 

62.3 

39 

223.6 

69.9 

99 

285- S 

87 

60    67.4 

17.5 

20 

114.8 

36.1 

80 

172.1 

62.6 

40 

229.  £ 

70.2 

300 

2:{6.S 

07 
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TABLE  n. 

Difference  of  LAtitude  and  Departure  for  18  Degnees* 

Dist 

Lat.  ( Dep. 

{Dist. 

Lat. 

Dep. 

Dist.  Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

I 

01.0 

00.3 

61 

68.0 

18.9 

121 

115.1 

37.4 

181 

172.1 

65.9 

241 

229.2 

74.5 

2 

01.9 

00.6 

.62 

59.0 

19.2 

22 

116.0 

37.7 

82 

173.1 

56.2 

42 

230.2 

74.8 

3 

02.9 

00.9 

63 

69.9 

19.6 

.23 

117.0 

38.0 

83 

174.0 

66.6 

43 

231.1 

75.1 

4 

03.8 

01.2 

64 

60.9 

19.8 

24 

117.9 

38.3 

84 

176.0 

66.9 

44 

232.1 

76.4 

5 

04.8 

01.5 

65 

61.8 

20.1 

25 

118.9 

38.6 

86 

176.9 

67.2 

45 

233.0 

75.7 

6 

05.7 

01.9 

66 

62.8 

20.4 

•26 

119.8 

38.9 

86 

176.9 

67.5 

46 

234.0 

76.0 

7 

06.7 

02.2 

67 

63.7 

20.7 

27 

120.8 

39.2 

87 

177.8 

67.8 

47 

234.9 

76.3 

C 

07.6 

02.5 

68'  64.7 

21.0 

28 

121.7 

39.6 

88 

178.8 

68.1 

48 

235.9 

76.6 

9 

08.6 

02.8 

69   65.6 

21.3 
21.6 

29 

122.7 

39.9 

89 

179.7 

63.4 

49 

236. a 

76.9 

10 

09.5 

03.1 

!    70   66.6 

30 

123.6 

40.2 

90 

180.7 

68.7 

60 

237.8 

77.3 

11 

10.5 

03.4 

71    67.5 

21.9 

131 

124.6 

40.6 

191 

181.7 

69.0 

261 

238.7 

77.6 

12 

11.4 

03.7 

72   68.5 

22.2 
22.6 

32 

125.6 

40.8 

92 

182.6 

69.3 

62 

239.7 

77.9 

13 

12.4 

04.0 

73   69.4 

33 

126.5 

41.1 

93 

183.6 

69.6 

63 

240.6 

78.2 

14 

13.3 

04.3 

74!  70.4 
75!  71.6 

22.9 

34 

127.4 

41.4 

94 

184.5   69.9 

64 

241,6 

78.5 

15 

14.3 

04.6 

23.2 

35 

128.4 

41.7 

95 

185.6 

60.3 

'    65 

242.6 

78.8 

16 

15.2 

04.9 

76j  72.3 

23.5 

36 

129.3 

42.0 

96 

186.4 

60.6 

66 

243.6 

79.1 

17 

16.2 

05.3 

77   73.2 

23.8 

37 

130.3 

42.3 

97 

187.4 

60.9 

67 

244.4 

79.4 

18 

17.1 

05.6 

78!  74.2 

24.1 

38 

131.2 

42.6 

98 

188.3 

61.2 

68 

245.4 

79.7 

19 

18.1 

05.9 

79i  75.1 

24. 4| 

39 

132.2 

43.0 

99 

189.3 

61.5 

69 

246.3 

80.0 

20|  19.0 

06.2 

80|  76.1 

24. 7| 

40 

133.1 

43.3 

200 

190.2 

61.8 

60 

247.3 

80.3 

2l|  20.0 

06.5 

81 

77.0 

25.0 

141 

la^A.l 

43.6 

201 

191.2 

62.1 

261 

248.2 

80.7 

22|  20.9 

06.8 

82 

78.0 

25.5 

42 

135.1 

43.9 

02 

192.1 

62.4 

62 

249.2 

81.0 

231  21.9 

07.1 

83 

78.9 

25.6 

43 

136.0 

44.2 

03 

193.1 

62.7 

63 

260.1 

81.3 

1     24 

22.8 

07.4 

84 

79.9 

26.0 

44 

137.0 

44.5 

04 

194.0 

63.0 

64 

261.1 

81.6 

2.5 

23.8 

07.7 

85 

80.8 

26.3 

45 

137.9 

44.8 

05 

195.0 

63.3 

66 

252.0 

81.9 

26 

24.7 

08.0 

86 

81.8 

26.6 

46 

138.9 

45.1 

06 

195.9 

63.7 

66 

253.0 

82.2 

27 

25.7 

08.3 

87 

82.7 

26.9 

47 

139.8 

45.4 

07 

196.9 

64.0 

67 

253.9 

82.6 

,     28 

26.6 

08.7 

88 

83.7 

27.2 

48 

140.8 

45.7 

08 

197.8 

64.3 

68 

254.9 

82. « 

1     29 

27.6 

09.0 

89 

84.6 

27.5 

49 

141.7 

46.0 

09 

198.8 

64.6 

69 

256.8 

83.1 

30 

28.5 

09.3 

90 

85.6 

27. f; 

50 

142.7 

46.4 

10 

199.7i  <>-*-^ 

70 

256.8 

83.4 

31 

29.5 

09.6 

91 

•86.5 

28.1 

151 

143.6 

46.7 

211 

200.71  66.2 

271 

257.7 

83.7 

32 

30.4 

09.9 

92 

87.5 

23.4 

62 

144.6 

47.0 

12 

201.6'  65.5 

72 

258.7 

84.1 

33 

31.4 

10.2 

93 

88.4 

23.7 

63 

145.5 

47.3 

13 

202.6 

65.8 

73 

259.6 

84.4 

34 

32.3 

10.5 

94 

89.4 

29.0 

54 

146.6 

47.6 

14 

203.6 

66.1 

74 

260.6 

84.7 

35 

33.3 

10.8 

95 

90.4 

29.4 

65 

147.4 

47.9 

16 

204.6 

66.4 

76 

261.6 

86. 0 

3G 

34.2 

11.1 

96 

91.3 

29.7 

66 

148.4 

48.2 

16;205.4 

66.7 

76!262.6 

85.3 

37 

35.2 

11.4 

97 

92.3 

30.0 

671149. 3 

48.5 

17;206.4 

67.1 

77263.4 

85.6 

33 

36.1 

11.7 

98 

93.2 

30.3 

5CJ|150.3 
69161.2 

48.9 

18^207.3 

67.4 

781264.4 

85.9 

39 

37.1 

12.1 

99 

94.2 

30.6 

49.1 

19|208.3 

67.7 

79266.3 

86.2 

40 

38.0 

12.4 

100 

95.1 

30.9 

60  152.2 

49.4 

201209. 2 

68.0 

80266.3 

86.6 

41 

39.0 

J2.7 

101 

96.1 

31.211  16l!l53.i 

49.8 

1  221|210.2 

68.3 

2811267.2 

86.8 

42 

39.9 

13.0 

02 

97.0 

31.511     62|  154.1 

50.1 

;     22!211.1 

68.6 

82;268.2 

87.1 

43 

40.9 

13.3 

03 

98.0 

31. 8i 

631155.0 

50.4 

1     23;212.1 

68.9 

83 

269.1 

87.6 

4^* 

41.8 

13.6 

04 

98.9 

32.11 

64|156.0 

60.7 

241213.0 

69.2 

84 

270.1 

87.8 

45 

42.8 

13.9 

05 

99.9 

32.4 

651156.9 

61.0 

25  214.0 

69.5 

86 

271.1 

88.1 

46 

43.7 

14.2 

06 

100.8 

32.8 

661157.9 

51.3 

26  214.9 

69.8 

86  272.0 

88.4 

47 

44.7 

14.5 

07 

101.8 

33.1 

67 

158.8 

61.6 

27I215.9 

70.1 

871273.0 

88.7 

48 

45.7 

14.8 

08 

102.7 

33.4 

68 

159.8 

61.9 

201216.8 

70.6 

88|273.9 

89.0 

49 

46.6 

15.1 

09 

103.7 

33.7 

69 

160.7 

62.2  j     29|217.8 

70.8 

89  274.9 

89.3 

50 

47.6 

15.5 

10 

104.6 

34.0 

70 

161.7 

62.51     30|218.7 

71.1 

90;275.8 

89.6 

5i 

48.5 

15.8 

111 

105.6 

34.3 

171 

162.6 

52.8 

231J219.71  71.4 

291 

'276.8 

89.9 

52 

49.5 

16.1 

12 

106.6 

34.6 

72 

163.6 

63.2 

321220. 6 

71.7 

92 

277.7 

90.2 

53 

50.4 

16.4 

13 

107.6 

34.9 

73 

164.5 

53.5 

33  221 .6 

72.0 

93 

278.7 

90.6 

64 

51.4 

16.7 

14 

108.4 

35.2 

74 

166.5 

63.8 

34!222.6 

72.3 

94 

279.6 

90.9 

55 

52.3 

17. 0| 

15 

109.4 

35.6 

75 

166.4 

64.1 

35 

223.6 

72.6 

96 

280.6 

91.2 

56 

53.3 

17.3, 

16 

110.3 

36.8 

76 

167.4 

64.4 

36 

224.4 

72.9 

96 

281.6 

91.5 

57 

54.2 

17.6 

17 

111.3 

36.2 

77  168.3 

64.7 

37 

225.4 

73.2 

97 

282.5 

91.8 

58 

55.2 

17.9 

18 

112.2 

36.5 

78  169.3 

65.0 

38 

226.4 

73.6 

98 

283.4 

92.1 

59 

56.1 

18.2 

19 

113.2 

36.8 

79  170.2 

55.3 

39 

227.8 

73.9 

99 

284.4 

92.4 

60 

57.1 

18.51 

20 

114.1 

37.1 

80171.2 

65.6 

40 

228.3 

74.2 

300 

286.3 

92.7 
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TJmLE  IL 

Difference  of  Latitude  and  Departure  for  19  Degrees. 

Dist 

Lat. 

Dep. 

Dist.t  Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

Dist. 

Lat. 

Dep.||Dist.i 

Lat. 

Dr, 

1 

00.9 

00.3 

61    57.7 

19.9 

121 

114.4 

39.4 

181 

171.1 

58.9 

241 

227.9 

7u . 

2 

01.9 

00.7 

62 

58.6 

20.2 

22 

115.4 

39.7 

82 

172.1 

59.3 

42 

228.8 

7H. 

3 

02.8 

01.0 

63 

59.6 

20.5 

23 

116.3 

40.0 

83 

173.0 

59.6 

43 

229.  S 

79. 

4 

03.8 

01.3 

64 

60.5 

20.8 

24 

117.2 

40.4 

84 

174.0 

59.9 

44 

230.7 

79. 

fi 

04.7 

01.6 

65 

61.5 

21.2 

25 

118.2 

40.7 

85 

174.9 

60.2 

45 

231.7 

79, 

€ 

05.7 

02.0 

66 

62.4 

21.5 

26 

119.1 

41.0 

86 

175.9 

60.6 

46 

232.6 

80. 

1 

06.6 

02.3 

67 

63.3 

21.8 

27 

120.1 

41.3 

87 

176.8 

60.9 

47 

233.5 

80. 
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166.0 

67.1 

39 

221.6 

89.5 

99 

277.2 

112.0 

no 

55.6 

22.5 

20 

III. 3 

45.0; 

80 

166.9 

67.4 

40 

222.5 

89.9 

300 

278.2 

112.4 

i>ut. 

Uep. 

Lat. 

Dist. 

Den. 

Lat. 

Dist. 

Dep. 

Lat. 

Dist. 

Dep. 

lAiL 

Dist. 

Dep. 

Lat. 

[For  68  Degrees. 

^^.v 


TABLE  n.                                            39 

DIfierence  of  Latitude  and  Departure  for  23  Degrees. 

Dist..  ut. 
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47.7 

82 

167.5 
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04.3 

71 

65.4 

27.7 

131 

120.6 
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95 
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128.9 

54.7 

200 

184.1 

78.1 

60 

239.3 

101.6 
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83.6 

74 

252.2 

107.1 

35 

32.2 

13.7 

95 

87.4 

37.1 

55 

142.7 

60.6 

15 

197.9 

84.0 

75 

253.1 

107.5 

36 

33.1 

14.1 

96 

88.4 

37.5 

56 

143.6 

61.0 

16 

198.8 

84.4 

76 

254.1 

107.8 

37 

34.1 

14.5 

97 

89.3 

37.9 

57 

144.5 

61.3 

17 

199.7 

84.8 

77 

255.0 

108.2 

38 

35.0 

14.8 

98 

90.2 

38.3 

68 

145.4 

61.7 

18 

200.7 

85.2 

IH 

255.9 

108.6 

39 

35.9 

15.2 

99 

91.1 

38.7 

69 

146.4 

62.1 

19 

201.6 

85.6 

79 

2,6.8 

109.0 

40 

3(i.B    15.6 

100   92. 1|  39.1 

60 

147.3 

62.5 

20 

202.5 

86.0 

80 

257.7 

109.4 

41 

37.7    16.0 

101<  93.01  39.5 

161 

148.2 

62.9 

221 

203.4 

86.4 

281 

258.7 

109.8' 

42 

38.7    16.4 

02j  93.9'  39.9 

62 

149.1 

63.3 

22 

204.4 

86.7 

82 

259.6 

110.2 

43 

39.6'  16.8 

03    94.8 

40.2 

63 

150.0 

63.7 

23 

205.3 

87.1 

83 

260.5 

110.6 

44 

40.5 

17.2 

04   95.7 

40.6 

64 

151.0 
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85 
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18.0 

06 
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07 
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67 
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27 
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44.2,  18. 8| 

08 

99.4 

42.2 

68 
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28 

209.9 

89.1 

88 
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42.6 

69 
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66.0 

29 

210.8 
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89 
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50 

46.0 
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10 
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70 

166.6 

66.4 

30 
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90 

266.9 
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51 

46.9 

19.9 
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43.4 
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212.6 
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62 
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12 
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72 
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67.2 

32 
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92 
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63 
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TABLE  n. 

IKfierence  of  Latitude  and  Departuie  for  24  Degroes. 
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27 
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87 
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47 
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8 
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28 
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88 
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48 
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9 

08.2 

03.7 

69 

63.0 

28.1 

29 
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52.5 

89 
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76.9 

49 
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101.3 

10 

09.1 

04.1 

70 

63.9 

28.5 

30 

118.8 

52.9 

90 
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77.3 

50 
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11 

10.0 

04.5 

71 

64.9 

28.9 
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53.3 
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77.7 

251 

^29.3 

102.1 

12 

11.0 

04.9 

72 
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32 
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14 
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74 
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232.0 
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15 
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76 
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35 
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54.9 

95 
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53 
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16 
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76 
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30.9 

36 
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17 
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06.9 
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18 
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56.1 
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235.7 
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19 
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56.5 

99 

181.8 
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82.6 

63 

240.3 

107.0 

24 

21.9 
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44 
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04 
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64 
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60 
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70 
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12.6 

91 
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151 

137.9 
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32 
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92 

84.0 
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52 
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12 
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72 
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33 
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93 
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53 
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86.6 

73 
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40 

36.5 

16.3 

100 

91.4 

40.7 

60 
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20 
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80 
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Difference  of  Latitude  and  Departure  for  25  Degrees. 
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88.6 

62 

236.5 

114.9 

23 

20.7 

10.1 

83 

74.6 

36.4 

43 

128.6 

62.7 

03 

182.6 

89.0 

63 

236.4 

116.3 

24 

21.6 

10.5 

84 

76.5 

36.8 

44 

129.4 

63.1 

04 

183.4 

89.4 

64 

237.3 

116.7 

25 

22.5    11.01 

85 

76.4 

37.3 

45 

130.3 

63.6 

06 

184.3!  89.9 

65 

238.2 

116.2 

26 

23.4 

11.4 

86 

77.3 

37.7 

46 

131.2 

64.0 

06 

185.2   90.3 

66 

239.1 

116.6 

27 

24.3 

11.8 

87 

78.2 

38.1 

47 

132.1 

64.4 

07 

186.1:  90.7 

67 

240.0 

117.0 

28 

25.2 

12.3 

88 

79.1 

38.6 

48 

133.0 

64.9 

08 

186.9 

91.2 

68 

240.9 
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70 
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91 
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92 
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12 
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72 
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119.2 

33 
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93 
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53 
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73 
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34 
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14.9 

94 
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41.2 
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74 
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95 
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15 
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75 
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36 
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16.8 

96 
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76 
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02 
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62 
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22 

199.6 
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82 
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43 

38.6 
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03 
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63 
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23 
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83 
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44 
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46.6 

64 
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24 
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84 
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45 
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25 
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86 
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46 
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86 

257.1 

126.4 

47 

42.2 

20.6 
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67 
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27 
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87 
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28 
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49 
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127.6 

52 

46.7 

22.8 

12 

100.7 

49. l] 

72 

164.6 
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Difference  of  Latitude  and  Departure  for  27  Degrees. 
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00.9 

62 

55.2 

28.1 

2^: 

5  108.1 

35.4 

'      82 

1G2.2 

82.6 
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62 
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23 
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83 

74.0 

37.7 

43 
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03 
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10.9 

84 
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13.6 

90 
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10 
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£30.4 

127.6 

42 

37.4 

19.1 

02 

90.9 

46.3 
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TABLE  n. 

Difierence  of  Latitude  aiid  Departure  for  32  Degrees. 

Dist. 

Lat. 

-De^. 

Dist 

Lat. 

Dep. 

Dbt. 

Lat 

Dep. 

Dist 

Lat 

Dep. 

Dist 

Lat. 

Dep.   , 

1      1 

00.8 

00.6 

61 

61.7 

.'»2.3 

121 

102.6 

64.1 

181 

153.6 

96.9 

241 

204.4 

127.7 

1     s 

01.7 

01.1 

62 

62.6 

32.9 

22 

103.5 

64.7 

82 

164.3 

96.4 

42 

205.2  128. S  1  1 

!      3 

02.5 

01.6 

63 

63.4 

3J4 

23 

104.3 

66.2 

83 

166.2 

97.0 

43 

206.1 

128.8 

4 

03.4 

02.1 

64 

64.3 

33.9 

24 

105.2 

66.7 

84 

166.0 

97.6 

44 

206.9 

129.3 

5 

04.2 

02.6 

66 

65.1 

34.4 

26 

106.0 

66.2 

86 

156.9 

98.0 

45 

207.8 

129.8 

1      6 

05.1 

03.2 

66 

56.0 

36.0 

26 

106.9 

66.8 

86 

157.7 

98.6 

46 

208.6 

130.4 

1      7 

05.9 

03.7 

67 

66.8 

36.6 

27 

107.7 

67.3 

87 

158.6 

99.1 

47 

209.5 

130.9 

1      8 

06.8 

04.2 

68 

67.7 

36.0 

28 

108.6 

67.8 

88 

159.4 

99.6 

48 

210.3 

131.4 

9 

04.6 

04.8 

69 

68.5 

36.6 

29 

109.4 

68.4 

89 

160.3 

100.2 

49 

211.2 

131.9 

10 

0?.5 

05.3 

70 

69.4 

37.1 

30 

110.2 

68.9 

90 

161.1 

100.7 

50 

212.0 

132.5 

11 

09.3 

05.8 

71 

60.2 

37.6 

131 

111.1 

69.4 

191 

162.0 

101.2 

231 

212.9 

133.0 

12 

10.2 

06.4 

72 

61.1 

38.2 

32 

111.9 

69.9 

92 

162.8 

101.7 

62 

213.7 

133.5 

13 

11.0 

06.9 

73 

61.9 

38.7 

33 

112.8 

70.5 

93 

163.7 

102.3 

63 

214.6 

134.1 

14 

11.9 

07.4 

74 

62.8 

39.2 

34 

113.6 

71.0 

94 

164.5 

102.8 

64 

216.4 

134.6 

16 

12.7 

07.9 

76 

63.6 

39.7 

36 

114.6 

71.5 

95 

166.4 

103.3 

65 

216.3 

136.1 

16 

13.6 

08.6 

76 

64.6 

40.3 

36 

115.3 

72.1 

96 

166.2 

103.9 

56 

217.1 

136.7 

17 

14.4 

09.0 

77 

65.3 

40.8 

37 

116.2 

72.6 

97 

167.1 

104.4 

67 

217.9 

136.2 

18 

15.3 

09.6 

78 

66.1 

41.3 

38 

117.0 

73.1 

98 

167.9 

104.9 

68 

218.8 

136.7 

19 

16.1 

10.1 

79 

67.0 

41.9 

39 

117.9 

73.7 

99 

168.8 

105.6 

69 

219  6 

137.2 

SO 

17.0 

10.6 

80 

67.8 

42.4 

40 

118.7 

74.2 

200 

169.6 

106.0 

60 

220.6 

137.8 

21 

17.8 

11.1 

81 

68.7 

42.9 

141 

119.6 

74.7 

201 

170.6 

106.5 

261 

221.31138.3 

22 

18.7 

11.7 

82 

69.6 

43.5 

42 

120.4 

75.2 

02 

171.3 

107.0 

62 

222.2138.8 

23 

19.5 

12.2 

83 

70.4 

44.0 

43 

121.3 

76.8 

03 

172.2 

107.6 

63 

223.0139.4 

24 

20.4 

12.7 

84 

71 .« 

44.6 

44 

122.1 

76.3 

04 

173.0 

108.1 

64 

P23.9139.9 

25 

21.2 

13.2 

86 

72.1 

45.0 

45 

123.0 

76.8 

06 

178.8 

108.6 

66 

224.7|l40.4 

26 

22.0 

13.8 

86 

72.9 

45.6 

46 

123.8 

77.4 

06 

174.7 

109.2 

66 

225.6141.0 

£7 

22.9 

14.3 

87 

73.8 

46.1 

47 

124.7 

77.9 

07 

175.5 

109.7 

67 

226.4 

141.5 

28 

23.7 

14.8 

88 

74.6 

46.6 

48 

125.6 

78.4 

08 

176.4 

110.2 

68 

227.3 

142.0 

29 

24.6 

16.4 

89 

75.5 

47.2 

49 

126.4 

79.0 

09 

177.2 

110.8 

69 

228.1 

142.5 

30 

25.4 

16.9 

90 

76.3 

47.7 

60 

127.2 

79.6 

10 

178.1 

111.3 

70 

229.01143.1  1  1 

31 

26.3 

16.4 

91 

77.2 

48.2 

151 

128.1 

80.0 

211 

178.9 

111.8 

1271 

229.8 

143.6 

32 

27.1 

17.0 

92 

78.0 

48.8 

52 

128.9 

80.6 

12 

179.8 

112.3 

72 

200.7 

144.1 

33 

28.0 

17.6 

93 

78.9 

49.3 

63 

129.8 

81.1 

13 

180.6 

112.9 

73 

74 

231.5 

144.7 

34 

28.8 

18.0 

94 

79.7 

49.8 

64 

130.6 

81.6 

14 

181.6 

113.4 

232.4 

146.2 

35 

29.7 

18.6 

95 

80.6 

50.3 

66 

131.4 

82.1 

16 

182.3 

113.9 

76 

233.2 

146.7 

36 

30.5 

19.1 

96 

81.4 

80.9 

66 

132.3 

82.7 

16 

183.2 

114.6 

76 

234.1 

146.3 

37 

31.4 

19.6 

97 

82.3 

61.4 

67 

133.1 

83.2 

17 

184.0 

116.0 

77 

234.9 

146.8 

38 

32.2 

20.1 

98 

83.1 

61.9 

68 

134.0 

83.7 

18 

184.9 

115.5 

78 

235.8 

147.3 

39 

33.1 

20.7 

99 

84.0 

52.5 

69 

134.8 

84.3 

19 

185.7 

116.1 

79 

236.6 

147.8 

40 

33.9 

21.2 

100 

84.8 

63.0 

60 

136.7 

84.8 

20 

186.6 

116.6 

80 

237.5 

148.4 

41 

34.8 

21.7 

101 

86.7 

63.6 

161 

136.5 

86.3 

221 

187.4 

117.1 

281 

238.3 

148.9 

42 

35.6 

22.3 

02 

86.5 

64.1 

62 

137.4 

85.8 

22 

188.8 

117.6 

82 

239.1 

149.4 

43 

36.6 

22.8 

03 

87.3 

64.6 

63 

138.2 

86.4 

23 

189.1 

118.2 

83 

240.0 

160.0 

44 

37.3 

23.3 

04 

88.2 

66.1 

64 

139.1 

86.9 

24 

190.0 

118.7 

84 

240.8 

150.5     . 

45 

38.2 

23.8 

05 

89.0 

55.6 

65 

139.9 

87.4 

26 

190.8 

U9.2 

85 

241.7 

161.0 

46 

39.0 

24.4 

06 

89.9 

56.2 

66 

140.8 

88.0 

26 

191.7 

119.8 

86 

242.6 

161.6 

47 

39.9 

24.9 

07 

90.7 

56.7 

67 

141.6 

88.6 

27 

192.6 

120.3 

87 

243.4 

152.1 

48 

40.7 

25.4 

08 

91.6 

67.2 

68 

142.6 

89.0 

28 

193.4 

120.8 

88 

244.2 

162.6 

49 

41.6 

26.0 

09 

92.4 

67.8 

69 

143.3 

89.6 

29 

194.2 

121.4 

89 

245.1 

163.1 

50 

42.4 

26.6 

10 

93.3 

68.3 

7(^ 

144.2 

90.1 

80 

195.1 

121.9 

90 

245.9 

153.7 

51 

43.3 

27.0 

111 

94.1 

68.8 

171 

145.0 

90.6 

231 

195.9 

122.4 

291 

246.8 

164.2 

52 

44.1 

27.6 

12 

96.0 

69.4 

72 

146.9 

91.1 

32 

196.7 

122.9 

92 

247.6 

164.7 

53 

44.9 

28.1 

13 

96.8 

69.9 

73 

146.7 

91.7 

33 

197.6 

123.6 

93 

248.6 

156.3    ; 

54 

45.8 

28.6 

14 

96.7 

60.4 

74 

147.6 

92.2 

34 

198.4 

124.0 

94 

249.8 

156.8     1 

55 

46.6 

29.1 

15 

97.6 

60.9 

75 

148.4 

92.7 

36 

199.3 

124.6 

96 

250.2 

156.3     ! 

66 

47.6 

29.7 

16 

98.4 

61.6 

76 

149.3 

93.3 

36 

200.1 

126.1 

96 

251.0 

156.9  1  I 

57 

48.3 

30.2 

17 

99.2 

62.0 

77 

160.1 

93.8 

37 

201.0 

125.6 

97 

251.9 

157.4     1 

58 

49.2 

30.7 

18 

100.1 

62.6 

78 

151.0 

94.3 

88 

201.8 

126.1 

98 

252.7 

157.9 

69 

50.0 

31.3 

19 

100.9 

63.1 

79 

161.8 

94.9 

89 

202.7 

126.7 

99 

263,6 

168.4 

60 

60.9 

31.8 

20 

101.8 

63.6 

80 

152.6 

96.4 

40 

203.6 

127.2 

300 

254.4 

169.0 

Dist. 

Dep. 

Lat. 

Di8t.»Dep.l  LaLJ 

Dist 

Dep.    Lat  1 

Dist' Dep. 'Lat 

bist.'  Dep. 

Lat    1 

[For  58  Degrees. 
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TABLE  n. 

4 

INftrence  of  Latitude  and  Departure  for  33  Degrees. 

;t)ist.  tat. 

Dep.  pDist. 

Lat.  '  Dep. 

D'lst  Lat. 

Dep.  I'Dist. 

Lat.    Dep.l 

Dist. 

Lat.  1  Dej.. 

1 

00.8 

00.5 

61 

51.2 

33.2 

121 

101.6 

68.9 

181 

161.8    98.6- 

241 

202.1 

131.. 

2 

01.7 

01.1 

62 

52.0 

33.8 

22J102.8 

66.4 

82 

162.6!  99.1, 

42 

203.0 

131.1 

3 

02.6 

01.6 

63 

52.8 

34.3 

23 

103.2 

67.0 

83 

153.5   99.7 

43  203.8 

132.; 

4 

03.4 

02.2 

64 

63.7 

34.9 

241104.0 

67.5 

84 

I54.3I1OO.2 

44 

204.6 

132.! 

5 

04.2 

02.7 

65 

54.6 

35.4 

2? 

104.8 

68.1 

86 

155. 21100. 8 

46 

205.6 

133.- 

6 

06.0 

03.3 

66 

55.4 

36.9 

26 

105.7 

68.6 

86 

156.0 

101.3 

46  206.3 

1.34. < 

7 

05.9 

03.8 

67 

56.2 

36.5 

27 

106.6 

69.2 

87 

156.8 

101.8 

47 

207.2 

134.. 

8 

06.7 

04.4 

68 

67.0 

57.0 

28 

107.3 

69.7 

88 

157.7 

102.4 

48 

208.0 

136. 

9 

07.5 

04.9 

69 

57.9 

37.6 

29 

108.2 

70.3 

89 

158.5 

102.9 

49 

208.8 

135. < 

10 

08.4 

05.4 

70 

68.7 

38.1 

30;I09.0 

70.8 

90 

159.3!l03.6 

60 

209.7 

136.: 

n{  w.9\ 

06.0 

71 

59.5 

38.7 

I3l!l09.9 

71.3 

191 

160.2 

104.0 

2511210. 5 

136.' 

i  *^ 

10.1 

06.5 

72 

60.4 

39.2 

32'11,0.7 

71.9 

92 

161.0 

104.6 

52 

211.3 

137.: 

13 

10.9 

07.1 

73 

61.2 

39.8 

33;111.5 

72.4 

98 

161.9 

105.1 

63 

212.2 

137  i 

i     14 

11.7 

07.6 

74 

62.1 

40.3 

34 

112.4 

73.0 

94 

162.7 

106.7 

54 

213.0 

138.; 

15 
16 
17 

12.6 

08.2 

75 

62.9 

40.8 

36 

113.2 

73.5 

96 

163.6 

106.2 

66 

213.9 

138. 

13.4 

08.7 

76 

63.7 

41.4 

36 

114.1 

74.1 

96 

164.4 

106.7 

56 

214.7 

139. 

14.3 

09.3 

77 

64.6 

41.9 

37 

114. 9 

74.6 

97 

165.2 

107.3 

57 

216.6 

140. 

'     18 

16.1 

09.8 

"78 

65.4 

42.5 

38 

115.7 

75.2 

98 

166.1 

107.8 

58 

216.4 

140. 

19 

15.^ 

10.3 

79 

66.3 

43.0 

39 

116.6 

76.7 

99 

166.9 

108.4 

69 

217.2 

141. 

20 

16.8 

10.9 

80 

67.1 

43.6 

40 

U7.4 

76.2 

200 

167.7ll08.9 

60|218.l!l41. 

21 

17.6 

11.4 

81 

67.9 

44.1 

141 

118.3 

76.8 

201 

168.6 

109.6 

261 

218. 9i  142 

22 

18.5 

12.0 

82 

68.8 

44.7 

42 

119.1 

77.3 

02 

169.4 

110.0 

62 

219.7 

142. 

23 

19.3 

12.6 

83 

69.6 

45.2 

43 

119.9 

77.9 

03 

170.3 

110.6 

63 

220.6 

143. 

24 

20.1 

13.1 

84 

70.4 

45.7 

44 

120.8 

78.4 

04 

171.1 

111.1 

64 

221.4|143. 

23 

21.0 

13.6 

86 

71.3 

46.3 

45 

121.6 

79.0 

06 

171.9 

111.7 

66 

222.2 

144. 

26 

21.8 

14.2 

86 

72.1 

46.8 

461122.4 

79.6 

06 

172.8 

112.2 

66 

223.1 

144. 

27 

22.6 

14.7 

87 

73.0 

47.4 

47 

123.3 

80.1 

07 

173.6 

112.7 

671223.9 

14o. 

28 

23.5 

15.2 

88 

73.8 

47.9 

48 

124.1 

80.6 

08 

174.4 

113.3 

68!224.8 

146.1 

29 

24.3 

15.8 

89 

74.6 

48.6 

49 

125.0 

81.2 

09 

176.3 

113.8 

69  225. 6 

146. 

30 

25.2 

16.3 

90 

75.6 

49.0 

50 

125.8 

81.7 

10 

176.1 

114.4 

70|226.4lU7. 

31 

26.0 

16.9 

91 

76.3 

49.6 

151 

126.6 

82.2 

211 

177.0 

114.9 

27 11-227. 3;  147. 

32 

26.8 

17.4 

92 

77.2 

50.1 

62 

127.6 

82.8 

12 

177.8 

115.6 

72228. 11 14i{. 

33 

27.7 

18.0 

93 

78.0 

50.7 

53 

128.3 

83.3 

13 

178.6 

116.0 

73-229.0 

148. 

34 

28.5 

18.5 

94 

78.8 

51.2 

54 

129.2 

83.9 

14 

179.6 

116.6 

74 

229.8 

149. 

36 

29.4 

19.1 

95 

79.7 

51.7 

56 

130.0 

84.4 

16 

180.3 

117.1 

75 

230.6il49. 

36 

30.2 

19.6 

96 

80.5 

52.3 

66 

130.8 

86.0 

16 

181.2 

117.6 

76 

23I.5II6O. 

37 

31.0 

20.2 

97 

81.4 

62.8 

67 

131.7 

85.6 

17 

182.0 

118.2 

77 

232.31160. 

38 

31.9 

20.7 

98 

82.2 

53.4 

58 

132.5 

86.1 

18 

182.8 

118.7 

78 

233.2 

151. 

39 

32.7 

21.2 

99 

83.0 

53.9 

59 

133.3 

86.6 

19 

133.7 

119. 3 

79 

234.0 

132. 

40 

33.5 

21.8 

100 

83.9 

54.6 

60 

134.2 

87.1 

20 

184.6 

119.8 

80 

234.8 

162. 

41 

34.4 

22.3 

101 

84.7 

65.0 

161 

136.0 

87.7 

221 

186.3 

120.4 

281 

2  Jo.  7 

i5;-{. 

42 

35.2 

22.9 

02 

85.6 

56.6 

62 

135.9 

88.2 

22 

186.2 

120.9 

82 

236.6 

153. 

43 

36.1 

23.4 

03 

86.4 

56.1 

63 

136.7 

88.8 

23 

187.0 

121.6 

83 

237.3 

154. 

44 

36.9 

24.0 

04 

87.2 

56.6 

64 

137.5 

89.3 

24 

187.9 

122.0 

84 

238.2 

154. 

45 

87.7 

24.5 

05 

88.1 

67.2 

66 

138.4 

89.9 

26 

188.7 

122.6 

86 

239.0 

155. 

46 

38.6 

25.1 

06 

88.9 

67.7 

66 

139.2 

90.4 

26 

189.6 

123.1 

86 

239.9 

156. 

47 

39.4 

25.6 

07 

89.7 

68.3 

67 

140.1 

91.0 

27 

190.4 

123.6 

87 

240.7 

156. 

48 

40.3 

26.1       08 
26.7      09 

90.6 

58.8 

68 

140.9 

91.6 

28 

191.2 

124.2 

88 

241.5 

156. 

49 

41.1 

91.4 

59.4 

69 

141.7 

.92.0 

29 

192.1 

124.7 

89 

242.4 

167. 

50 

41.9 

27.2 

10 

92.3 

59.9 

70 

142.6 

92.6 

30 

19«.9 

125.3 

90 

243.2 

157. 

51 

42.8 

27.8 

111 

93.1 

60.6 

171 

143.4 

93.1 

231 

193.7 

123.8 

291 

244.1 

158. 

52 

43.6 

28.3 

12 

93.9 

61.0 

72 

144.3 

93.7 

32 

194.6 

126.4 

92 

244.9 

159. i 

53 

44.4 

28.9 

13 

94.8 

61.5 

73 

145.1 

94.2 

S3 

195.4 

126.9 

93 

245.7 

159.1 

54 

45.3 

29.4 

14 

95.6 

62.1 

74 

145.9 

94.8 

34 

196.2 

127.4 

94 

246.6 

160. 

55 

46.1 

30.0 

15 

96.4 

62.6 

76 

146.8 

95.3 

36 

;97.1 

128.0 

96 

247.4 

160.' 

56 

47.0 

30.5 

16 

97.3 

63.2 

76 

147.6 

95.9 

36 

197.9 

128.6 

96 

248.2 

161.' 

57 

47.8 

31.0 

17 

98.1 

63.7 

77 

148.4 

96.4 

37 

198.8 

129.1 

97 

249.1 

161. i 

58 

48.6 

31.6 

18 

99.0 

64.3 
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36.9 

26 

104.6 

70.6 

86 

164.2104.0 

46 

203.9 

137.6 

7 

05.8 

03.9 

67 

66.6 

37.5 

27 

106.3 

71.0; 

87 

155.0104.6 

.  47 

204.8 

138.1 

8 

06.6 

04.5 

68 

66.4 

38.0 

28106.1 
29:i06.9 

71.6 

88 

155.9 

106.1 

48 

206.6US8.7 

9 

07.5 

06.0 

69 

67.2 

38.6 

72. l! 

89 

156.7 

105.7 

49 

206.4P39.2 

10 

08.3 

05.6 

70 

58.0 

39.1 

30 

107.8 

72.7; 

90 

157.6106.2 

50 

207.3 

139.8 

11 

09.1 

06.2 

71 

68.9 

39.7 

131 

108.6 

73.3! 

191 

158.3)106.8 

251 

208.1 

140.4 

12 

09.9 

06.7 

72 

69.7 

40.3 

32 

109.4 

73.8; 

92 

159.2 

107.4 

*5 

208.9 

140.9 

13 

10.8 

07.3 

73 

60.5 

40.8 

S3 

110.3 

74.4I 

93 

160.0 

107.9 

63 

209.7141.6  1  1 

14 

11.6 

07.8 

74 

61.3 

41.4 
41.9 

34 

HI  1 

74.91 

94160.8 

108.5 

64 

210.6 

142.0 

Id 

12.4 

08.4 

75 

62.2 

36 

111.9 

75.51 

95 

161.7 

109.0 

65 

2U.4142.©  1 

16 

13.3 

08.9 

76 

63.0 

42.5 

36 

112.7 

76.11 

96 

162.6 

109.6 

66 

212.2 

149. Z 

17 

14.1 

09.5 

rf 

63.8 

43.1 

37 

113.6 

76.6! 

97163.3 

110.2 

67 

213.1 

143.7 

18 

14.9 

10.1 

78 

64.7 

43.6 

38 

114.4 

77.2; 

98)164.1 

110.7 

58 

213.9 

144.3 

19 

15.8 

10.6 

79 

66.6 

44.2 

691116. 2 

77.71 

99 

166.0 

111-3 

69 

214.7 

144.8 

20 

16.6 

11.2 

80 

66.3 

44.7 

W 

116.1 

78.3: 

200 

166.8 

111.8 

1    60 

216.6146.4 

21 

17.4 

11.7 

81 

67.2 

45.3 

141 

116.9 

78.8 

201 

166.6 

112.4 

261 

216.4145.9 

22 

18.2 

12.3 

82 

68.0 

46.9 

42 

117.7 

79.4 

02 

167.5 

113.0 

62 

217.2 

146.6 

23 

19.1 

12.9 

83 

68.8 

46.4 

43!118.6 

80.0 

03 

168.3=113.61 

63 

218.0 

147.1 

24 

19.9 

13.4 

84 

69.6 

47.0 

44 

119.4 

80.5 

04 

169. 11114.1 

64 

218.9147.6 

25 

20.7 

14.0 

86 

70.5 

47.5 

45 

120.2 

81.1 

05 

170.0 

114.6 

66 

219.7148.2 

26 

21.6 

14.5 

86 

71.3 

48.1 

46 

121.0 

81.6 

06 

170.8 

116.2 

66 

220.51148.7 

27 

22.4 

15.1 

87 

72.1 

48.6 

47 

121.9 

82.2 

07 

J71.6 

116.8 

67 

221.4149.3 

28 

23.2 

15.7 

88 

73.0 

49.2 

48 

122.7 

82.8 

08 

172.4:116.31 

68 

222.2 

149.9 

29 

24.0 

16.2 

-89 

73.8 

49.8 

49 

123.6 

83.3- 

09 

173.31 

116.9 

69 

223.0 

160.4 

30 

24.^ 

16.8 

90 

74.6 

60.3 

60 

124.4 

83.9. 

10 

174.1 

117.4 

70 

223.8 

151.0 

31 

25.7 

17.3 

91 

75.4 

60.9 

151 

125.2 

84.4 

211 

174.9 

118.0 

•  271 

224.7 

151.6 

32 

26.5 

17.9 

92 

76.3 

51.4 

62 

126.0 

86.0! 

12 

176.8 

11)8.5 

72,226.6 
73226.8 

152.1 

33 

27.4 

18.5 

93 

77.1 

62.0 

63 

126.8 

85.6 

13 

176.6 

119.1 

152.7 

34 

28.2 

19.0 

94 

77.9 

62.6 

64 

127.7 

86.1' 

14 

177.4 

119.7 

74^ 

227.2 

163.2 

35 

29.0 

19.6 

96 

78.8 

63.1 

66 

128.6 

86. 7i 

15 

178.2 

120.2 

73 

228.0 

163.8 

36 

29.8 

20.1 

96 

79.6 

63.7 

66 

129.3 

87.2 

16 

179.1 

120.8 

76 

228.8 

164.3 

37 

30.7 

20.7 

97 

80.4 

64^2 

67 

130.2 

87.8 

17 

170.9 

121.3 

77 

229.6 

154.9 

38 

31.5 

21.2 

98 

81.2 

64.8 

58 

131.0 

88.4: 

18 

180.7 

121.9 

78 

230.5 

155.6 

39 

32.3 

21.8 

99 

82.1 

66.4 

59131.8 

88.9 

19 

181.6 

122.6 

79  231.31 

156.0 

40 

33.2 

22.4 

100 

82.9 

^6.9 

60132.6 

89.5 

20 

182.4 

123.0 

80 

23t.l 

166.6 

41 

34.0 

22.9 

101 

83.7 

66.5 

161 133.5 

90.  Q 

221 

183.21 123. 6{ 

281 

233.0 

157.1 

43. 

34.8 
35.6 

23.5 

02 

84.6 

57.0 

62;134.3 

90.6! 

22 

184.0 

124.1 

82 

233.8 

167.7 

43 

24.0 

03 

86.4 

57.6 

631136.1 

91.1' 

23 

184.9 

124,7 

83 

234.6 

158.3 

44 

36.5 

24.6 

.04 

86.2 

68.2 

641136.0 

91.7: 

24 

185.7 

126.3 

84 

236.4 

158.8 

45 

37.3 

26.2 

05 

87.0 

68.7 

65ll36.8 

92.3; 

25 

186.5 

125.8 

85 

236.3 

169.4 

46 

38.1 

25.7 

06 

87.9 

69.3 

661137.6 

92.8 

26 

187.4 

126.4 

86 

237.1 

169.9 

47 

39.0 

26.3 

07 

88.7 

69.8 

-  67(138.4 

93.4 

27 

188.2 

126.9 

87 

237.9 

160.6 

48 

39.8 

26.8 

08 

89.6 

60.4 

681139.3 

93.9! 

28 

189.0 

127.5 

88 

2^.8 

161.0 

49 

40.6 

27.4 

0» 

90.4 

61.0 

69il40.1 

94.5! 

29 

189.8 

128.1 

89 

239.6 

161.6 

50 

41.5 

28.0 

10 

91.2 

61.6 

70 

140.9 

95.11 

30 

190.7 

128.6 

90 

240.^4 

162.2 

51 

42.3 

28.5 

111 

92.0 

62.1 

171 

141.8 

95.6= 

231 

191.61129.2 

291 

241. S 

162.7 
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37.9 

26 

103.2 

72.3 

86 

162.4 

106.7 

46 

201.6 

141.1 

7 

05.7 

04.0 
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66.0 

76 

143.4 

100.4 

36 

192.6134.8 

95 

241.6 

169.2 

66 

46.9 

32.1 

16 

95.0 

66.5 

76 

144.2 

100.9 

86 

193.3135.4 

96 

242.6 

169.8 

67 

46.7 

32.7 

17 

95.8 

67.1 

77 

146.0 

101.5 

37 

194.1136.9 

97 

243.3 

170.4 

68 

47.6 

33.3 

18 

96.7 

67.7 

78 

146.8 

102.1 

38 

196.0136.6 

98 

244.1 

170.9 

69 

48.3 

33.8 

19 

97.6 

68.3 

79 

146.6 

102.7 

39 

195.8137.1 

991244  9 

171.6 

60 

49.1 

34.4 

20 

98.3 

68.8 

80 

147.4 

103.2 

«  40 

196.6137.7 

300  246.7 

172.1 

(Dist. 

Dep. 

Lat. 

Svit 

Dcp. 

Lat 

Dist. 

DepJ 

Lit. 

Dist 

Dep.    Lat 

Dist  Dep. 

Lat 

[For  661) 
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M  TABLE  n. 

Difference  of  Latilude  and  Dq>aitiire  for  S6  Degiees* 


DUti  tat 


ISepT 


Dist,  Lat.  .  Dep. 


Dbt  Lat. 


Dep. 


^lit 


Lat.    Dep.jIMst.  tat. 


Dep. 


10 


11 
12 
13 
U 
15 
16 
17 
18 
19 
20 


00 

01.6 

02.4 

03 

04.0 

04.9 

06.7 

06 

07 

08.1 


W.6 
01.2 
0K8 
02.4 
02.9 
03.5 
04.1 
04.7 
05.3 
05.9 


61!  49 


50 
51 

64|  51 


08.9 

09 

10.6 

11.3 

12.1 

12.9 

13.8 

14 

15.4 

16.2 


06.5 
07.1 
07.6 
08.2 
08.8 
09.4 
10.0 
10.6| 
11.21 
11.8 


71 

72 
73 
74 
76 
76 
77 
78 
79 
80 


.4,  36.9 
36.4 
37.0 
37.6 
38.2 
38.8 
39.4 
40.0 
40.6 
41.1 


57.4 
58.2 
59.1 
69.9 
60.7 
61.5 
62.3 
63.1 
63.9 
64.7 


121 


97.9 
221  98.7 
23  99.5 
2^4100.3 
101.1 
101.9 
102.7 
103.6 
104.4 


25 

26 
27 
28 
29 


80|105.2 


71 

71 

72.3 

72.9 

73.6 

74.1 

74.6 

75.2 

76.8 

76.4 


181146.4106.4 
82147.2107.0 


83148.1 
kl48.9 
» 149.7 


84 
85 
86 
87 
88 
89 
90 


107.6 
108.2 
108.7 


ldO.5'109.9 
151. 3)109. 9 
152.lill0.5 
ld2.9|lll.l 
153.7illl.7 


41. 7i 
42.3 
42.9 
43.6 
44.1 
44.. 
46.31 
46.8 
46.4 
47.0 


131{106.0 
32106.8 
33:107.6 
34J108.4 
361109.2 
361110.0 
371110.8 
38  111. 6 
39III2.6 
40jll3.3 


77.0! 

77.6 

78.2 

78.8 

79.4 

79.9 

80.6 

81.1 

81.7 

82.3 


191 


154.5 
92165.3 
166.1 
156.9 
96157.8 
158 
159. 
160.2 
161.0 
161.8 


93 
94 


96 
97 
98 
99 
200 


112.3 
112.9 
113.4 
114.0 
114.6 
.2 
15.8 
116.4 
117.0! 
117.6 


6'115 
41 


241195.0141.7 
42195.8142.2 
196.6143.8 
.4 
0 
.6 
145.2 
.8 
4 
50f202.3|l46.9 


43 

44|l97 

45il98. 


4143. 
2144.' 


199 
199.8 
200 
201. 


0144. 


6145.i 


4146. 


251.203.1 
52|203.9 
204.7 
205.5 
206. 


53 

54 
65 


147.6 
148.1 
148.7 
149.9 
9 
150.6 
151.1 
161.6 
152.2 
60210.3152.8 


661207.1 


57 
58 
59 


207.9 
208.7 
209.5 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


17.0 
17.8 
18.6 
19.4 
20.2 
21.0 
21.8 
22.7 
23.5 
24.3 


12. 3| 

12'.  91 
13.6 
14.1 
14.7 
15.3 
16.9 
16.5 
17.0 
17.6 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


47.6 
48.2 
48.8 
49.4 
60.0 
50.6 
51.1 
51.7 
52.3 
52.9 


141114.1 
42)114.9 
431115.7 
44ill6.6 
46;il7.3 
46!ll8.1 
471118.9 
48.119.7 
49:120.6 
50;i21.4 


82.9 
83.6 
84.1 
84.6 
86.2 
85.8 
86.4 
87.0 
87.6 
88.2 


201 
02 
03 


162. 
163. 
164. 


04165 

05165.8 
.7 
.5 


06 
07 
08 
09 


166. 
167. 
168. 
169. 


10169.9 


6118.1 

41II8.7 

2119.3 

OU19.9 

120.5 

121.1 

121.7 

122.3 

122.8 

123.4 


261 

62 


211. 
212. 


63212 
64213, 
65214. 
66  215 


67 


216 


68216. 
69217. 


70 


218 


153.4 
154.0 
154.6 
155.2 
155.8 
156.4 

0166.9 
157.5 
158.1 

4158.7 


31 
32 
33 
34 
36 
36 
37 
38 
39 
40 


25.1 

25.9 

26.7 

27.5 

28.3 

29 

29.9 

30.7 

31.6 

32.4 


18.2 

18.8 

19.4 

20.0 

20.6 

21 

21.7 

22.3; 

22.91 

23. 6i 


91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


73.6 
74.4 
75.21 
76.0 
76.9 
77.7 
78.5 
79.3 
80.1 
80.9 


53.6 
54.1 
54.7 
55.3 
55.8 
66.4 
57.0 
57.6 
68.2 
58.8 


151,122.2 
52.123.0 
53.123.8 
54|124.6 
55)125.4 
661126.2 
571127. 0 
58,127.8 
69128.6 


88.8 
89.3 
89.9 
90.6 
91.1 
91.7 
92.3 
92.9 
93.5 
60129.4|  94^0 


211 
12 
13 


170 
171 

172 


14173.1 


173 
174 
176 
176 
177 


.2 
20178.0 


124.0 
124.6 

.3125.2 
125.8 
126.4 
127.0 
127.5 

4128 
128.7 
129.3 


271 


219 


72220 
73220 
74221 
75222 
76223. 
77  2U 
78224 
79225 
80226 


159.3 
159.9 
160.5 
161.1 
161.6 
162.2 
162.8 
163.4 
7 164.0 
.5164.6 


41 
42 

43 
44 

45 
46 
47 
48 
49 
50 


33.2 
34.0 
34.8 
36.6 
36.4 
37.2 
38.0 
38.8 
39.6 
40.5 


24.1; 

24.7 
25.3 
25.9 
26.6 
27.0 
27.6 
28.2 
28.8 
29>4 


101 
02 
03 
04 
06 
06 
07 
08 
09 
10 


81.7 
82.5 
83.3 
84.1 
84.9 
85.8 
86.6 
87.4 
88.2 
89.0 


59.4 
60.0 
60.5 
61.1 
61.7 
62.3 
62.9 
63.5 
64.1 
64.7 


161 
62 
63 
64 
65 
66 
67 
68 
69 
70 


130.3 

131 

131.9 

132.7 

133.6 

134.3 

135.1 

135.9 

136.7 

137. 


94.6 
95.2 
95.8 
96.4 
97.0 
97.6 
98.2 
98.7 
99.3 
99.9 


221 
22 
23 

25 
26 
27 
28 
29 


178 
179. 
180. 
181. 
182, 
182. 
183. 
184. 
185. 


30186.1 


129.9 
130.5 
131.1 
131.7 
0132.3 
132.8 
133.4 
134.0 
IS4.6 
135.2 


281 


227.3 


82  228 
83229 
84|229 
85230 
86  231 


87 


232.2 


165.2 
165.8 
0166.3 
.8  166.9 
167.6 
168.1 
168.7 


88  233.01169.3 
89233 


90 


.8 
234.6 


169.9 
170.5 


51 
62 
53 
54 
55 
56 
57 
58 
69 
60 


41.3 

42.1 
42.9 
43.7 
44.6 
45.3 
46.1 
46.9 
47.7 
48.5 


Dist. 


30.0 
30.6 
31.2 
31.7 
32.3 
32.9 
33.6 
34.1 
34.7 
35.3 


111 
12 
13 
14 
15 
16 
17 
18 
19 
20 


89.8 
90.6 
91.4 
92.2 
93.0 
93.8 
94.7 
95.5 
96.3 
97.1 


66.2 
65.8 
66.4 
67.0 
67.6 
68.2 
68.8 
69.4 
69.9 
70.5 


171 
72 
73 
74 


138.3 
139.2 
140.0 
140.8 


'76141.6 


142 

143.2 

144.0 

144.8 

145.6 


100.5 
101.1 
101.7 
102.3 
102.9 
5 

104.0 
104.6 
106.2 
105.8 


231 
32 
33 


186 
187 
188 


34189 


4103 


190 

ido 

191 
192, 
193. 
194. 


135.8 

136.41 
5137 
3137 

138 

138 

139 
5139.9 
4140.5 
2141.1 


291 


235. 


92236 


93 


237. 


94  237 


95 


238. 


96  239 


97 

98 

99 

300 


240. 
241. 
241. 

242. 


171.0 
171.6 
172.4 
172.8 
173.4 
174.0 

3174.6 
175.2 

9(174.7 
176.3 


Dep. 


Lat. 


Dist. 


Dep. 


Lat. 


Dist.'  Dep. 


Lat 


Dbt.l  DepL    Lat  j  DigLI  Dep. '  LaL 


[For  54  Degrees. 
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TABLE  n. 
Difference  of  Latitude  and  Departure  for  37  Degrees. 


IHsO Pep.    Lat.  IDiat.! Pep. '  Lat.   Piat.  Dep. i  Lat  ■  Dbt.l Pep. [Lat    Dist.  Pep.    Lat. 


[For  63  Pegree 


Digitized  by  VjOOQIC 


54 

TABLE  IL 

Diflereiice  of  Latitude  and  Departure  for  38  Degrees. 

IKst. 

Tat. 

Dep-ftDbt. 

lAt. 

Dep. 

Dist. 

Lat 

Dep. 

Dist 

I^. 

Dep. 

Dist 

Lat, 

Dep. 

1 

00.8 

00.6 

61 

48.1 

37.6 

121 

95.3 

74.6 

181 

142.6 

111.4 

241 

189.^ 

148.4 

2 

01.6 

01.2 

62 

48.9 

38.2 

22 

96.1 

75.1 

82 

143.4 

112.1 

42190.71 

149.0 

3 

02.4 

01.8 

63 

49.6 

38.8 

23 

96.9 

75.7 

83 

144.2 

112.7 

43 

191. i^ 

149.6 

4 

03.2 

02.5 

64 

50.4 

39.4 

24 

97.7 

76.3 

84 

145.0 

113.3 

44|192.3| 

150.2 

6 

03.9 

03.1 

65 

51.2 

40.0 

i6 

98.6 

77.0 

86 

145.8 

113.91 

45 

193.1 

160.8 

e 

04.7 

03.7 

66 

52.0 

40.6 

26 

99.3 

77.6 

86 

146.6 

114.5 

46 

193.9 

151.6 

7 

05.5 

04.3 

67 

52.8 

41.2 

27 

100.1 

78.2 

87 

147.4 

115.1 

47 

194.6 

162.1 

8 

06.3 

04.9 

68 

53.6 

41.9 

28 

100.9 

78.8 

88 

148.1 

115.7 

48 

195.4 

162.7 

» 

07.1 

05.5 

69 

54.4 

42.5 

29 

101.7 

79.4 

89 

148.9 

116.4 

49 

196.2 

163.3 

10 

07.9 

06.2 

70 

55.2 

49.1 

30 

102.4 

80.0 

90 

m.,7 

117.0 

50 

197.0 

153.9 

11 

08.7 

06.8 

71 

55.9 

43.7 

131 

103.2 

80.7 

191 

160.6 

117.6 

251 

197.8 

154.5 

1« 

09. f^ 

07.4 

72 

66.7 

44.3 

32 

104.0 

81.3 

92 

161.3 

118.2 

62 

198.6 

156.1 

13 

10.2 

08.0 

73 

57.61 

44.9 

33 

104.8 

81.9 

93 

162.1 

118.8; 

63 

199.4 

156.8 

14 

11.0 

08.6 

74 

58.3 

46.6 

34 

105.6 

82.6 

94 

162.9 

119.41 

54 

200.2 

166.4 

16 

u.d 

09.2 

75 

59.1 

46.2 

35 

106.4 

83.1 

95 

163.7 

120.1 

65200.91 

157.0 

16 

12.6 

09.9 

76 

59.9 

46.8 

36 

107.2 

83.7 

96 

154.5 

120.7 

66 

201.7 

167.6 

17 

13.^ 

10.5 

77 

60.7 

47.4 

57 

108.0 

84.3 

97 

155.2 

121.3! 

67 

202.6 

158.2 

18 

14.2 

11.1 

78 

61.5 

48.0 

108.7 

85.0 

98 

156.0 

121. 9j 

68 

203.3 

168.8 

1^ 

15.0 

11.7 

79 

62.3 

48.6 

39 

10SI.5 

85.6 

99 

156.8 

122.6: 

59 

204.1 

159.5 

'    20 

15.8 

12.3 

80 

63.0 

49.3 

40 

110.3 

86.2 

200 

167.6 

123. i; 

60 

204.9 

160.1 

21 

16.5 

12.9 

81 

63.8 

49.9 

141 

Ul.l 

86.8 

201 

158.4 

123.7; 

261)205.7 

160.7 

22 

17.3 

13.5 

82 

64.6 

60.5 

42 

111.9 

87.4 

02 

159.2 

124.4 

62|206.5 

161.3 

23 

18.1 

14.2 

83 

65.4 

51.1 

43 

112.7 

88.0 

03 

160.0 

125.0 

63*207.2 

16k9 

24 

18.9 

14.8 

84 

66.2 

51.7 

44 

113.5 

88.7 

04 

160.8 

125.6; 

641208.0 

162.6 

26 

19.7 

15.4 

85 

67.0 

52.3 

45 

114.3 

89.3 

06 

161.6 

126.2' 

65'206.8 

163  .S 

26 

20.5 

16.0 

86 

67.8 

52.9 

46 

115.0 

89.9 

06 

162.3 

126.8 

66  209.6 

163.8 

27 

21.3 

16.6 

87 

68.6 

53.6 

47 

115.8 

90.5 

07 

163.1 

127 .4] 

67i«10.4 

164.4 

28 

22.1 

17.2 

88 

69.3 

54.2 

48 

116.6 

91.1 

08 

163.9 

128.1 

68211.2 

166.0 

29 

22.9 

17.9 

89 

70.) 

54.8 

49 

U7.4 

91.7 

09 

164.7 

128.7; 

69212.0 
70!2I2.8 

166.6 

30 

23.6 

18.5 

90 

70.9 

55.4 

50 

118.2 

92.3 

10 

166.6 

129.3! 

166.2 

31 

24.4 

19.1 

91 

71.7 

56.0 

151 

119.0 

93.0 

211 

166.3 

129.9 

271)213. 6 

166.8 

32 

25.2 

19.7 

92 

72.5 

56.6 

52 

119.8 

93.6 

12 

167.1 

130.5' 

72^14.3 
73I215.I 

167.6 

33 

26.0 

20.3 

93 

73.3 

57.3 

63 

120.6 

94.2 

13 

167.8 

131.1 

168.1 

34 

26.8 

20.9 

94 

74.1 

57.9 

54 

121.4 

94.8 

14 

168.6 

131.8 

74I215.9 

168.7 

35 

27.6 

21.5 

95 

74.9 

58.5 

56 

122.1 

95.4 

16 

169.4 

132.41 

75 

216.7 

169.3 

36 

28.4 

22.2 

96 

75.6 

69.1 

66 

122.9 

96.0 

16 

170.2 

133.0 

76 

217.5 

169.9 

37 

29.2 

22.8 

97 

76.4 

59.7 

57 

123.7 

96.7 

17 

171.0 

133.6 

77 

218.3 

170.5 

38 

29.9 

23.4 

98 

77.2 

60.3 

68 

124.5 

97.3 

18 

171.8 

134.2 

78 

219.1 

171. S 

39 

30.7 

24.0 

99 

78.0 

61.0 

59 

125.3 

97.9 

19 

172.6 

134.8 

79 

219.9 

171.8 

40 

31.5 

24.6 

100 

78.8 

61.6 

60 

126.1 

98.5 

20 

173.4 

136.4 

80 

220.6 

17«.4 

41 

32.3 

25.2 

101 

79.6 

62.2 

161 

126.9 

99.1 

221 

174.2 

136.1 

281 

221.4 

173.0 

42 

33.1 

25.9 

02 

80.4 

62.8 

62 

127.7 

99.7 

22 

174,9 

136.7 

82 

2S2.2 

173.6 

43 

33.9 

26.5 

03 

81.2 

63.4 

63 

128.4 

100.4 

23 

176.7 

137.3 

83 

223.0 

174.2 

44 

34  .-7 

27.1 

0^ 

82.0 

64.0 

64 

129.2 

101.0 

24 

176.5 

137.9 

84 

223.8 

174.8 

45 

35.6 

27.7 

05 

82.7 

64.6 

66 

130.0 

101.6 

25 

177.3 

138.5 

85 

224.6 

1T6.5 

46 

36.2 

28.3 

06 

83.5 

65.3 

66 

130.8 

102.2 

26 

178.1 

139.1 

86 

225.4 

176. 1 

47 

37.0 

28.9 

07 

84.3 

66.9 

67 

131.6 

102.8 

J7 

178.9 

139.8 

87 

226.2 

176.7 

48 

37.8 

29.6 

08 

85.1 

66.6 

68 

132.4 

103.4 

28 

179*7 

140.4 

88 

226.9 

177.3 

49 

38.6 

30.2 

09 

85.9 

67.1 

69 

133.2 

104.0 

29 

180.5 

141.0 

89 

227.7 

177.9 

60 

39.4 

30.8 

10 

86.7 

67.7 

70 

134.0 

104.7 

30 

181.2 

141.6 

90 

228.5 

178.5 

51 

40.2 

31.4 

111 

87.5 

68.3 

171 

134.7 

106.3 

231 

182.0 

142.2 

291 

229.3 

179.2 

52 

41.0 

32.0 

12 

88.3 

69.0 

72 

135.5 

106.9 

32 

182.8 

142.8 

92 

230.1 

179.8 

53 

41.8 

32.6 

IS 

89.0 

69.6 

•73 

136.3 

106.5 

33 

183.6 

143.4 

93 

230.9 

180.4 

64 

42.6 

33.2 

14 

89.8 

70.2 

74 

137.1 

107.1 

84 

184.4 

144.1 

94 

231.7 

181 .0 

55 

43.3 

33.9 

15 

90.6 

70.8 

75 

137.9 

107.7 

35 

185.2 

144.7 

95 

232.5 

J81-6 

56 

44.1 

34.6 

16 

91.4 

71.4 

76 

138.7 

108.4 

36 

186.0 

145.3 

96 

233.3 

182.2 

57 

44.9 

35.1 

17 

92.2 

72.0 

77 

139.6 

109.0 

37 

186.8 

145.9 

97 

234.0 

182.9 

58 

45.7 

35.7 

18 

93^ 

72.6 

78 

140.3 

109.6 

38 

187.5 

146.6 

98 

234.8 

183.5 

69 

46.5 

36.3 

19 

93.8 

73.3 

79 

141.1 

110.2 

39 

188.3 

147.1 

99 

236.6 

184.1 

60 

47.3 

36.9 

20 

94.6 

73.9 

80 

141.8 

110.8 

40 

189.1 

147.8 

300 

236.4 

184.7 

iDiZJ 

Dep.   Lat.fi 

bist. 

Dep. 

Lat. 

bbt. 

Dep. 

Lat 

D5t 
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Lat. 

iDist 

Dep. 
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-[For62Degn«. 
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TABLE  n.                                                   55 

Biffin^ce  of  Ladtude  and  Departure  for  89  I>egYee0. 

-jBfatJ 

tai. 

Dep.i 

01st. 

Lat 

Dep. 

Dist. 

T^t. 

Dep.! 

Dist. 

Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

'  1 

00.8 

00.6} 

61 

47.4 

38. 4| 

121 

94.0 

76.1' 

181 

140.7 

113.9 

241 

187.3 

151.7 

2 

01.6 

01.3 

62 

48.2 

39.0 

22 

94.8 

76.81 

82 

141.4 

114.5 

42 

188.1 

152.3 

3 

02.3 

01.9 

63 

49.0 

39.6 

23 

96.6 

77.4 

83 

142.2 

115.2 

43 

188.8 

162.9 

4 

OS.l 

02.5 

64 

49.7 

40.3 

24 

96.4 

78.0 

84143.01 

115.8 

44 

189.6 

153.6 

6 

03.9 

03.1 

65 

50.6 

40.9 

26 

97.1 

78.7 

86 

143.8 

116.4 

45 

190.4 

164.2 

6 

04.7 

03.8 

66 

61.3 

41.5 

26 

97.9 

79.3 

86 

144.6 

117.1 

46 

191.2 

154.8 

7 

05.4 

04.4 

67 

62.1 

42.2 

27 

98.7 

79.9 

87 

145.3 

117.7 

47 

192.0 

155.4 

8 

06.2 

05.0 

68 

52.8 

42.8 

28 

99.6 

80.6 

88 

146.1 

118.3 

48 

192.7 

166.1 

9 

07.0 

05.7 

69 

53.6 

43.4 

29 

100.3 

81.2 

89 

146.9 

118.9 

49 

193.6 

166.7 

10 

07.8 

06.3 

70 

64.4 

44.1 

30 

101.0 

81.8 

90 

147.7 

119.6 

60 

194.3 

167.3 

11 

06.5 

06.9 

71 

56.2 

44.7 

131 

101.8 

82. 4< 

191 

148.4 

120.2 

261 

195.1 

168.0 

12 

09.3 

07.6 

72 

56.0 

46.3 

32 

102.6 

83.1 

92 

149.2 

120.8 

62 

195.8 

168.6 

.      13 

10.1 

08.2 

73 

56.7 

46.9 

33 

103.4 

83.7 

93 

150.0 

121.5 

63 

196.6 

159.2 

14 

10.9 

08.8 

74 

57.5 

46.6 

34 

104.1 

84.3 

94 

160.8 

122.1 

64 

197.4 

169.8 

U 

11.7 

09.4 

76 

58.3 

47.2 

36 

104.9 

86.0 

96 

151.6 

122.7 

66 

198.2 

160.6 

16 

12.4 

•lO.l 

76 

59.1 

47.8 

36 

106.7 

86.6 

96 

162.3 

123.3 

66 

198.9 

161.1 

17 

13.2 

10.7 

77 

69.8 

48.6 

37 

106.5 

86.2 

97 

163.1 

124.0 

67 

199.7 

161.7 

18 

14.0 

11.3 

78 

60.6 

49.1 

38 

107.2 

86.8 

98 

163.9 

124.6 

68 

000.5 

162.4 

19 

14.8 

12.0 

79 

61.4 

49.7 

39 

108.0 

87.6 

99 

154.7 

126.2 

69 

201. i 

163.0 

iO 

15.5 

12.6 

80 

62.2 

50.3 

40 

108.8 

88.1 

200|165.4 

126.9 

60 

202.1 

163.6 

fl 

16.3 

13.2 

81 

62.9 

61.0 

Ul 

109.6 

88.7 

201 

156.2 

126.6 

261 

202.8 

164.3 

22 

17.1 

13.8 

82 

63.7 

61.6 

42 

110.4 

89.4 

02 

157.0 

127.1 

62 

203.6 

164.9 

Sd 

17.9 

14.6 

83 

64.6 

62.2 

4^ 

111.1 

90.0 

03 

157.8 

127.8 

63 

204.4 

166.6 

24 

18.7 

15.1 

84 

65.3 

62.9 

44 

111.9 

90.6 

04 

158.6 

128.4 

64 

206.2 

166.1 

S6 

19.4 

15.7 

85 

66.1 

53.6 

46 

112.7 

91.3 

06 

159.3 

129.0 

66 

206.9 

166.8 

26 

20.2 

16.4 

86 

66.8 

64.1 

4« 

113.5 

91.9 

06 

160.1 

129.6 

66 

P06.7 

167.4 

27 

21.0 

17.0 

87 

67.6 

64.8 

47 

114.2 

92.6 

07 

160.9 

130.3 

67 

207.6 

168.0 

23 

21.8 

17.6 

88 

68.4 

65.4 

48 

115.0 

93.1 

08 

161.6 

130.9 

68 

208.3 

168.7 

29 

22.5 

18.3 

89 

69.2 

66.0 

49 

116.8 

93.8 

09 

162.4 

131.5 

69 

209.1 

169.3 

30 

23.3 

18.9 

90 

69.9 

66.6 

50 

116.6 

94.4 

10 

163.2 

132.2 

70 

209.8 

169.9 

31 

24.1 

19.5 

91 

70.7 

57.3 

161 

117.3 

96.0 

211 

164.0 

132.8 

271 

210.6 

170.5 

32 

24.9 

20.1 

92 

71.5 

67.9 

62 

118.1 

95.7 

12'164.8 

133.4 

72 

211.4 

171.2 

33 

25.6 

20.8 

93 

72.3 

58.5 

63 

118.9 

96.3 

13 

166.5 

134.0 

73 

212.2 

171.8 

34 

26.4 

21.4 

94 

73.1 

69.2 

64 

119.7 

96.9 

14 

166.3 

134.7 

74 

212.9 

172.4 

35 

27.5 

22.0 

96 

73.8 

69.8 

55 

120.5 

97.6 

16 

167.1 

135.3 

76 

213.7 

173.1 

36 

28.0 

22.7 

96 

74.6 

60.4 

56 

121.2 

98.2 

16 

167.9 

136.9 

76 

214.5 

173.7 

37 

28.8 

23.3 

97 

76.4 

61.0 

67 

122.0 

98.8 

17 

168.6 

136.6 

77 

216.3 

174.3 

38 

29.6 

23,9 

98 

76.2 

61.7 

58 

122.8 

99.4 

18 

169.4 

137.2 

78 

216.0 

175.0 

39 

30.3 

24.5 

99 

76.9 

62.3 

69 

123.6 

100.1 

19 

170.2 

137.8 

.  79 

216.8 

m.6 

176.6 

40 

31.1 

25.2 

100 

77.7 

62.9 

60 

124.3 

100.7 

20 

171.0 

138.6 

80 

176.2 

41 

31.9 

25.8 

101 

78.5 

63.6 

161 

125.1 

101.3 

221 

171.7 

139.1 

281 

218.4 

176.8 

^ 

32.6 

26.4 

02 

79.3 

64.2 

62 

125.9 

101.9 

22 

172.5 

139.7 

82 

219.2 

177.5 

43 

33.4 

27.1 

03 

80.0 

64.8 

63 

126.7 

102.6 

23 

173.3 

140.3 

83 

219.9 

n8.i 

44 

34.2 

27.7 

04 

80.8 

66.4 

64 

127.5 

103.2 

24 

174.1 

141.0 

84 

220.7 

178.7 

45 

35.0 

28.3 

05 

81.6 

66.1 

66 

128.2 

103.8 

26 

174.9 

141.6 

85 

221.6 

179.4 

46 

36.7 

28.9 

06 

82.4 

66.7 

66 

129.0 

104.5 

26 

176.6 

142.2 

86 

222.3 

180.0 

47 

36.5 

29.6 

07 

83.2 

67.3 

67 

129.8 

106.1 

27 

176.4 

142.9 

87 

223.0 

180.6 

48 

37.3 

30.2 

08 

83.9 

68.0 

68 

130.6 

106.7 

28 

177.2 

143.6 

88 

223.8 

181.2 

49 

38.1 

30.8 

09 

84.7 

68.6 

69 

131.3 

106.4 

29 

178.0 

144.1 

89 

224.6 

181.9 

50 

38.9 

31.5 

10 

86.5 

69.2 

70 

132.1 

107.0 

30 

178.7 

144.7 

90 

226.4 

182.5 

61 

39.6 

32.1 

HI 

86.3 

69.9 

171 

132.9 

107.6 

231 

179.6 

146.4 

291 

226.1 

183.1 

52 

40.4 

32.7 

12 

87.0 

70.5 

72 

133.7 

108.2 

32 

180.3 

146.0 

92 

226.9 

183.8 

63 

41.2 

33.4 

13 

87.8 

71.1 

73 

134.-* 

108.9 

33 

181.1 

146.6 

93 

227.7 

184.4 

64 

42.0 

34.0 

14 

88.6 

71.7 

74 

185.2 

109.6 

34 

181.9 

147.3 

94 

228.6 

185.0 

65 

42.7 

34.6 

15 

89.^ 

72.4 

75 

136.0 

110.1 

36 

182.6 

147.9 

95 

229.3 

185.6 

66 

43.5 

35.2 

16 

90.1 

73.0 

76 

136.8 

110.8 

36 

183.4 

148.6 

96 

230.0 

186.3 

67 

44.3 

36.9 

17 

90.9 

73.6 

77 

137.6 

111.4 

57 

184.2 

149.1 

97 

230.8 

186.9 

68 

46.1 

36.5 

18 

91.7 

74.8 

78 

138.3 

112.0 

38 

186.0 

149.8 

98 

231.6 

187.6 

69 

46.9 

37.1 

19 

92.6 

74.9 

79 

139.1 

112.6 

39 

185.7 

160.4 

99 

232.4 

188.2 

60 

46.6 

87.8 

20 

93.3 

76.6 

80 

139.9 

113.3 

40 

186.6 

151.0 

300 

233.1 

188.8 

liss: 

Dep. 
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Dep. 
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TABLE  n. 

Difference  of  Latitude  and  Departure  for  40  Degrees. 

pi8t. 

lAt. 

Dep.  |Dist. 

Lat. 

Dep. 

Dirt. 

r.af. 

Dep. 

Dht.l  Lat. 

Dep. 

Di«t.l  Lat.  1 

Dep. 

1 

00.8 

00.6 

61 

46.7 

39.2 

121 

92.7 

77.8 

181  138.7 

116.3 

241 

184.6 

154.9 

2 

01.5 

01.3 

62 

47.5 

39.9 

22 

93.5 

78.4 

82  139.4 

117.0 

42186.41 

155.6 

3 

02.3 

01.9 

63 

48.3 

40.6 

23 

94.2 

79.1 

83140.2 

117.6 

43 

186.1 

166.2 

4 

03.1 

02,6 

64 

49.0 

41.1 

24 

96.0 

79.7 

84 

141.0 

118.3 

44 

186.9 

166.8 

6 

03.8 

03.2 

65 

49.8 

41.8 

25 

95.8 

80.3 

86 

141.7 

118.9 

46 

187.7 

167.5 

6 

04.6 

03,9 

66 

50.6 

42.4 

26 

96.5 

81.0 

86 

142.5 

119.6 

46 

188.4 

158.1 

7 

05.4 

04.5 

67 

51.3 

43.1 

27 

97.3 

81.6 

87 

143.3 

120.2 

47 

189.2 

158.8 

8 

06.1 

05.1 

68 

52.1 

43.7 

28 

98.1 

82.3 

88 

144.0 

120.8 

48 

190.0 

159.4 

9 

06.9 

05.8 

69 

52.9 

44.4 

29 

98.8 

82.9 

89 

144.8 

121.5 

49 

190.7 

160.1 

10 

07.7 

06.4 

70 

53.6 

45.0 

30 

99.6 

83.6 

90 

145.6 

122.1 

50 

191.5 

160.7 

11 

08.4 

07.1 

71 

54.4 

45.6 

131 

100.4 

84.2 

191 

146.3 

122.8 

251 

192.3 

161.3 

12 

09.2 

07,7 

72 

55.2 

46.3 

32 

101.1 

84.8 

92 

147.1 

123.4 

52 

193.0 

162.0 

13 

10. « 

08.4 

73 

55.9 

46.9 

33 

101.9 

85.5 

93 

147.8 

124.1 

53 

193.8 

162.6 

14 

10.7 

09.0 

74 

56.7 

47.6 

34 

102.6 

86.1 

94 

148.6 

124.7 

54194.61 

163.3 

15 

11.5 

09.6 

76 

57.5 

48.2 

35 

103.4 

86.8 

96 

149.4 

126.3 

55 

195.3 
196.1 

163.9 

16 

12.3 

10.3 

76 

58. t 

48.9 

36 

104.2 

87.4 

96 

150.1 

126.0 

56 

164.6 

17 

13.0 

10.9 

77 

59.0 

49.5 

37 

104.9 

88.1 

97 

150.9 

126.6 

67 

196.9 

165.2 

18 

13.8 

11.6 

78 

59.8 

50.1 

38 

105.7 

88.7 

98 

151.7 

127.3 

58 

197.6 

165.8 

19 

14.6 

12.2 

79 

60.5 

50.8 

39 

106.5 

89.3 

99 

152.4 

127.9 

69 

198.4 

166.5 

20 

15.3 

12.9 

80 

61.3 

61.4 

40 

107.2 

90.0 

200 

153.2 

128.6 

60 

199.2 

167.1 

21 

16.1 

13.5 

81 

62.0 

52.1 

141 

108.0 

90.6 

201 

154.0 

129.2 

261 

(199.9 

167.8 

22 

16.9 

14.1 

82 

62.8 

52.7 

42 

108.8 

91.3 

02J154.7 

129.8 

62 

200.7 

168.4 

23 

17.6 

14.8 

83 

63.6 

53.4 

43 

109.6 

91.9 

03)155.5 

130.6 

63 

201.5 

169.1 

24 

18.4 

15.4 

84 

64.3 

54.0 

44 

110.3 

92.6 

04156.3 

131.1 

64 

202.2 

169.7 

25 

19.2 

16.1 

85 

65.1 

54.6 

45 

111.1 

93.2 

05157.0 

131.8 

66 

203.0 

170.3 

26 

19.9 

16.7 

86 

65.9 

55.3 

46 

111.8 

93.8 

06J167.8 

132.4 

66 

203.8 

171.0 

27 

20.7 

17.4 

87 

66.6 

65.9 

47 

112.6 

94.6 

W' 

158.6 

133.1 

67 

204.5 

171.6 

28 

21.4 

18.0 

88 

67.4 

66.6 

48 

113.4 

96.1 

08 

159.3 

133.7 

68 

205.3 

172.3 

29 

22.2 

18.6 

89 

68.2 

57.2 

49 

114.1 

96.8 

09 

160.1 

134.3 

69 

206  1 

172.9 

30 

23.0 

19.3 

90 

68.9 

57.9 

50 

114.9 

96.4 

10 

160.9 

135.0 

70 

206.8 

173.6 

31 

23.7 

19.9 

91 

69.7 

58.5 

151 

116.7 

97.1 

211 

161.6 

135.6 

271 

207.6 

174.2 

32 

24.5 

20.6 

92 

70.5 

59.1 

52 

116.4 

97.7 

12 

162.4 

136.3 

72 

208.4 

174.8 

33 

25.3 

21.2 

93 

71.2 

59.8 

53 

117.2 

98.3 

13 

163.2 

136.9 

73 

209.1 

175.5 

34 

26.0 

21.9 

94 

72.0 

60.4 

54 

118.0 

99.0 

14 

163.9 

137.6 

74 

209.9 

176.1 

35 

26.8 

22.5 

96 

72.8 

61.1 

65 

118.7 

99.6 

15 

164.7 

138.2 

75 

210.7 

176.8 

36 

27.6 

23.1 

96 

73.5 

61.7 

56 

119.6 

100.3 

16 

165.6 

138.8 

76 

211.4 

177. 4 

97 

28.3 

23.8 

97 

74.3 

62.4 

57 

120.3 

100.9 

17 

166.2 

139.5 

77 

212.2 

178.1 

38 

29.1 

24.4 

98 

75.1 

63.0 

58 

12K0 

101.6 

18 

167.0 

140.1 

78 

2194) 

178. 7 

39 

29.9 

^25.1 

99 

76.8 

63.6 

59 

121.8 

102.2 

19 

167.8 

140.8 

79 

213.7 

179. 3 

40 

30.6 

25.7 

100 

76.6 

64.3 

60 

122.6 

102.8 

20 

168.6 

141.4 

80 

214.6 

180.0 

41 

31.4 

26.4 

101 

77.4 

64.9 

161 

123.3 

103.6 

221 

169.3 

142.1 

281 

215.3 

180.6 

42 

J52.2 

27.0 

02 

78.1 

65.6 

62 

124.1 

104.1 

22 

170.1 

142.7 

82 

216.0 

181.3 

43 

32.9 

27.6 

03 

78.9 

66.2 

63 

124.9 

104.8 

23 

170.8 

143.3 

83 

216.8 

181.9 

44 

33.7 

28.3 

04 

79.7 

66.8 

64 

125.6 

106.4 

24 

171.6 

144.0 

84 

217.6 

182.6 

45 

34.5 

28.9 

05 

80.4 

67.5 

65 

126.4 

106.1 

25 

172.4 

144.6 

85 

218.3 

183.2 

48 

35.2 

29.6 

06 

81.2 

68.1 

66 

127.  J 

106.7 

26 

173.1 

145.3 

86 

219.1 

183.8 

47 

36.0 

30.2 

07 

82.0 

68.8 

67 

127.9 

107.3 

27 

173.9 

145.9 

87 

219.9 

1845 

48 

36.8 

30.9 

08 

82.7 

69.4 

68 

128.7 

108.0 

28 

174.7 

146.6 

881220.6 
891221.4 

185.1 

49 

37.5 

31.6 

09 

83.5 

70.1 

69 

129.5 

108.6 

29 

175.4 

147.2 

185.8 

50 

38.3 

32.1 

10 

84.3 

70.7 

70 

130.2 

109.3 

30 

176.2 

147.8 

90(222.2 

186.4 

51 

39. i 

32.8 

111 

85.0 

71.3 

171 

131.0 

109.9 

231 

177.0 

148.5 

2911222.9 

187.1 

62 

39.8 

33.4 

12 

85.8 

72.0 

72 

131.8 

110.6 

32 
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TABLE  IV.  A.— THE  EQUATION  OF  TIME 
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TABLE  IV.  A.— THE  EQUATION  OF  TIME 
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M."s: 

M.S. 

M.  S. 

1 

3.4S 

1334 

12.44 

4.9 

2.59 

2.8G 

3.17 

8.  1 

O  1 

to.  9 

16.14 

1044 

1 

3 

4.11 

14.2 

12.83 

M 

3.  7 

2.30 

8.29 

9.51 

nbOii 

10.28 

101€ 

1041 

2 

9 

4.4( 

14.  9 

1SJQ 

8.33 

3.14 

2.2C 

3.40 

9.9( 

081 

1047 

101£ 

lO  8 

8 

4 

&'i 

14.19 

12.7 

3.1^ 

3.20 

2.11 

&6I 

6.41 

096 

11.9 

lOlf 

9.44 

4 

5 

&M 

14.21 

11.64 

S^ 

8.36 

2.  1 

4.2 

9.4J 

1.16 

11.98 

IOI5 

840 

6 

6 

6.  1 

14.89 

11.40 

S.39 

3.32 

1.57 

4.12 

6.38 

1.35 

11.41 

loia 

849 

T 

7 

6.31 

14.29 

11.25 

2.21 

3.37 

1.40 

4.22 

9.81 

1.65 

11.90 

101I 

840 

7 

8 

6.5! 

14.38 

11.11 

2.4 

3.41 

IJX 

4.82 

&» 

9.16 

12.1fl 

16.7 

8.9 

8 

9 

7.U 

14.34 

10.96 

1.41 

3.45 

1.18 

4.41 

9.1b 

2St 

13.SS 

16.  S 

'747 

9 

10 

7'« 

14.39 

ia40 

1.30 

3.49 

1.  7 

4M 

9.  8 

9.97 

12.48 

1669 

7.10 

10 

11 

8.  { 

14.35 

ia24 

1.13 

3.51 

0l55 

4.99 

4.9S 

3.17 

18.4 

1641 

6.43 

11 

12 

8.SI 

14.35 

10.  8 

0.97 

3.53 

0.49 

6  7 

4.9C 

8.31 

t8.iS 

1644 

015 

13 

IS 

8^ 

14.34 

9L91 

0.41 

3.55 

031 

&14 

4.4( 

3.9fi 

1664 

194C 

646 

13 

14 

9.16 

14.32 

9.35 

0.29 

3.56 

OlS 

6.21 

4.3C 

4.90 

18.41 

16.37 

9.18 

14 

15 

16 

9^ 

14.29 

ftI8 

0.  8 

3.57 

0  6 

628 

4.M 

4.41 

14.  1 

16ie 

4.49 

15 

9M 

14.96 

9.0 

WU).  b 

3.56 

kddO.  6 

5.34 

■   4.7 

5.  S 

14.14 

16  7 

446 

16 

17 

laij 

14.29 

8.42 

OJK 

SJ6 

OU 

9.4(1 

8.65 

6.9a 

14.97 

1446 

840 

17 

IS 

\OJK 

14.17 

8.U 

0.35 

3.54 

O.SS 

9.46 

&4S 

6.44 

14.8(1 

14.44 

8.20 

18 

19 

1061 

14.18 

8.  7 

049 

8.52 

0.46 

6.5C 

8Jt 

0£ 

I4A 

1441 

3L51 

19 

90 

11.1G 

14.6 

7.49 

1.  2 

8.50 

098 

9.99 

8wl6 

6.38 

16.0 

14.17 

9.21 

30 

21 

nx 

13.99 

7.31 

1.19 

8.47 

1.11 

9.98 

8.9 

6.47 

19,10 

14.9 

141 

21 

» 

UM 

13.9B 

7.13 

1.37 

8.4S 

1.24 

6.3 

2.41 

7.  1 

islso 

18.41 

140 

32 

83 

IS.  6 

13.44 

9M 

1.40 

3.80 

1.3T 

6.4 

ZX 

7.31 

19.31 

134C 

040 

23 

ti 

1241 

1SJ6 

eM 

1.91 

8^ 

tM 

«.  e 

2.U 

7.4S 

1546 

13.1S 

O90 

84 

36 

12.66 

13.27 

6.18 

3.2 

8.99 

2.8 

6.8 

2.  2 

8.9 

1644 

1346 

addOlO 

19 

96 

IS.«I 

13.17 

6^ 

9.13 

3.23 

2.16 

6.  G 

IM 

BM 

1940 

1947 

040 

26 

27 

19.9 

13.7 

9.41 

8.38 

3.17 

2.99 

fl.  9 

ijai 

840 

16.91 

l%tt 

l.lfl 

Z1 

St 

16.14 

13J» 

&S2 

2.98 

8.10 

2.41 

B.  9 

MS 

9.K 

16.  1 

1141 

149 

28 

S9 

t&SG 

6  4 

2.42 

9.9, 

%SS 

(.'.  8 

OM 

9l80 

16.  6 

1147 

2.9^ 

90 

194KS 

4.49 

9.51 

%55\ 

3.5 

t>.  (> 

03r. 

9.49 

16.  » 

I1.1C 

948180 

91 

13.46 

' 

4.37 

^47 

ti.  4 

0.llJ 

16.12 

3.71 

31 

72 


TABLR  V. 


For  reducing  the  3uir*8  Decuritioh  a$  given  in  the  Nautical  Almanac  for  nooo  at 
wiCHy  to  any  other  Tkne  under  any  other  Meridian. 


AddaftN.fSub.a^t.N.|il.MU. 
Sub.  bcf.  N.  Add  bef.  N.  0. 20  0. 


MR 


H.M]H.M 

I.  20  1.41; 


HinoporssbTStrN: 

1.   02.2li2.41»Addber.  N 


Add  aft.  N. 
Sub,  bef.  N 

Addin  W. 
Sub.  in  Ck 


Add  in  W. 

S.jb.  in  E. 


Days. 


Djccenib.  21 
2U 
19 
18 
17 
16 
13 
14 
•  Id 
12 


Sub.  in  W. 
AddinE. 


Days. 


Decemb.  21 
22 
23 
24 
26 
2« 
27 
28 
29 
30 


5 

Deg. 


M.S 


0. 

0 

0. 

0.  1 

0. 

0. 

0. 

0. 

0. 

0. 


OjO.  u 

1 

OlO.  1 

1 
1 


a 

30.  7 


4U1 


10 
Deg, 


M.S.M.8.M.S.M.S 


0. 
0, 
0. 

0.  2 
0.  3 
0. 

a 

0. 
0. 
0. 


16 
Deg. 


0.  I 


0.  2  0, 


0.  0|0.  o|o.  o 

0. 

0. 

0. 

0. 

0.  6 

0.  6 


0. 
0. 

o.iol 


20     25 
Peg.  Dee:. 


0.  2  a  3 
0.  4  0.  6 
0.  6  0.  7 


0.  7 


0.  8  0.11 
0.10  0.12 
0.12  0  15 
0.13  0.17 


0.  9 


3U 
Deg. 


M.S. 


0.  0 
.  2 
0.  4 
0. 
0.  9 
0.11 
0.13 
0.15 
0.18 
0.2(> 


33 
Deg. 


M.8.M.S. 


0.  0 

0.  2 

0.  5 

0.  8 

o.n 

0.13 
0.16 
0.18 
0.21 

0:231 


40 
Deg 


0.  0:21  June 

0.  3 

0. 

0. 

0.1 

0.1 

0.1 

(♦.21  :i 


322 

924 
1225 
1526 
1827 


0.2429 
0.27 


28 
29 
30  June 


Sub.  in  \V. 
Add  iuE. 


Days. 


Dayi. 


21  June 
20 

ly 

16 
17 
16 
Id 
14 
13 
12 


11  Decemb.  81 
10  January 
91  2 

3 

4 
6 

7 


0.  4 

0.  4 

0.  4 

0.  6 

0.  6 

0.  6 


0. 
0. 
81 0. 


0.  8 
0.  8 
0.  8 
0.  9 
0.10 
O.U 
0.12 
0.12 
0.13 
0.14 


0.U 
0.12 
0.13 
0.14 
0.16 
0.16 
0.17 
0.18 
0.19 
0.20 


0.16 
0.16 


o.iy 

0.20 


0.17  0.21 


0.19 
Oi21 
Oi22 
0.24 
0.25 
Oi26 
0.27 


0i>4 
0.26 
0.28 
0.30 
0.31 
0.33 
0.34 


0.22 
0.24 
0.26 
Oi29 
0.31 
0.33 
0.35 
0.37 
0.39 
0.41 


0.26 
0.28 
O.30 
0.33 
0.36 
0.38 
0.41 
0.43 
0.46 
0.48 


0.32 
(».86 
0.38 
0.41 
0.44 
0.47 


1  July 
2 


4 
5 
6 
7 
8 

0.66110 


om 


11 

10 

9 

8 

7 

5 

4 
8 
S 


Decemb* 
NoTrmb.ao 

28 
27 
26 
26 
M 


10 
11 
12 
18 
14 


16|0. 
0. 


16 
17 
18 
19 


0. 
0. 
0.  8 
0.  8 
0.  8 


0.21 
0.22 


0.14 

0.16 

0. 

0.161  Oi24 

0.17 

0.18 

0.18 


Oi29 
0^ 


16|  0.281 0.81 
0.33 


0.  9 
0.10 

aio 


0.34 
0.86 
0.37 
0.88 
Oi29|0.39 


Oi26 
0.26 
Oi27 


0.19  0.28 
0.20 


0.36 
0J37 
0.89 
0.41 
0.42 
0.44 
0.46 


0.43 
0.46 
0.47 
0.49 
0.61 
0.68 
0^ 


0.6U 
OM 
OM 
0A7 


0JS711 
1.  012 
1.818 
1.  614 


1,11 


16 


O.20 


oao 


0.40 


0.47  0.67 


0.49 

0.60 


0.68 
1.  0 


0.59|1    8|16 
1.2  1 
1.  41 J 
1. 

1.  9|] 
1.10  ] 


1.13  17 
1.16  18 
1.19  19 
1.2(120 


1  June 

ao 

29 
18 
17 


21 

SO 
19 
U 

w 

16 
M 
18 
11 


rebniaiy 


20 
91 
2S 
28 
24 
26 
26 
27 


0.10 

0.11 

0.11 

0.1 

0.121 


OM 
0.22 


0.81 
0.82 


0.22  a83 


January  80 


0.12  0.24 
0.12  034  0.36 
0. 121  Oi26  0.37 
0.96 


0.18 
0.18  0.26 


0.28 
0.28 


0.34 
0.34 


0.41 
0.48 
0.44 
0.46 
0.46 


0.8610.47 
0.48 
0.49 
Oi^l 

ojsa 


0.38 
0.89 


0.61 
0.68 
0.66 
0.66 
0.67 
0.66 
1.0 
1.  2 
1.  4 


1.  6  1.19 


1.12 
1.14 
1.17 
1.19 
1.21 
1.28 


1.3024 


2 

4 

6 

7 

9 
11 
12 

14  1.26 
16  1.28  1.41 


li22  21 
1.2622 


U 
M) 
19 
18 
17 
16 
16 
14 
1.32|  1.46[81  July        12 


1.9411.8607 
1.8028 


1.8626 


8 


October  80 
98 
96 
24 
91 


0.13 
0.14 
0.14 


0.27 
0.98 
0.2S 


0.41 
0. 


0.66 
0.67 


11 
18 
16 
17 

90 


0.16  030 
0.16  0.81 
0.16  0.82 


0.16 
0.16 
0.17 
0.17 


0.82 
038 
034 
034 


0.43  0.68 
0.46 
0.46 
0.47 


0.48 
0.49 
0J60 
0.62 


1 
1 

1.  8 
1.  6 
1.  6 
1.  7 
1.  9 


1. 

1.11 

1.13 

1.16 

1.17 

1.19 

liil 

1.22 

1.24 

1.27 


li22 
1.26 

isn 

130 
132 
136 
137 
1.89 
1.41 
1.44 


130  1.60 


139 
1.42 
1.44 
1.47 
IJ60 
1.68 
1.66 
1.66 
2. 


133 

136 

1.66 

2. 

2. 

2. 

2.12 


810 

619 

914 

16 


2.1618 
2.19  21 


2  Augoie 

6 

8 


Ho 

6 

4 

H>A|idl 
» 

M 

n 


6 

October    8 

Septemb30 

27 

94 

AfUr 


18 

16Febnmi796 

12|Marcfa 

4 
7 
10 
13 
16 
19 


086 
036 


Before 
Equinox.     I 


0.17 

0.18 

0.18  037 

0.19 

0.19  038 

0.19 

0:i9  039 

0.19 

0.20 

0.20 


0.39 
039 
0.40 


033 
0.64 
036 
0.66 
0.67 
037 
038 
038 
038 
O 


1.29 
131 
1.32 
134 
1.35 
136 
137 
138 
138 
1 


1.46 
1.49 
131 
1.63 
134 
1.65 
1.66 
137 
137 
1.58 


2.  4 
2.  7 
2.  9 
2.12 
2.13 
2.14 
2.16 
2.16 
2.16 


2i2294 
2i26  27 
2.2880  Augnat 


23Q 
23S 
234 


2  Se^ 

6 

6 


2.17  2.J 


23611 
2.8614 
23617 


16 

16 
19 

9 

6 

8  A] 
|S1 


Aprfl 
March 


fore 
linoK. 


26 
After 


TABLE  V. 

For  reducing  the  Sun's  DECUNATipiv  as  ^Wcn  in  the  Nautical  Almanac  for  noon  at  ( 
wiCH,  to  any  other  Time  under  an.v  other  Meridian. 


Add  aft.  N 
Si>b.bef.  N 


Add  in  W 
Sub.  in  £. 


DavB. 


Sob.  aft.  N.  H.M  H.M  H.M  H.M  H.M  U  M  H.M  "Sub.  kftTNTAdd  aft^  1> 
Add  bcf.  N-P.    0|3. 20|3. 40|4.   0|4. 20  4.  40|5.    o|Add  bef.  N.  Sub.  bef.  .> 

Add  fnlv 
Sub.  in  E 


Sub.  in  W 
Add  in  £. 


Days. 


46 
Deg. 

M.S 


50 


Deg.D< 


{>5 
M.S 


65 
Peg 

M.S. 


70 
Peg 

M.S 


75 
Peg 

M.S, 


Sub.  in  W. 

Add  in  E. 

Days. 


Days. 


Decemb.  21 
'  20 
19 
18 
17 
16 
16 
14 
13 
12 


Decejnb.  21 
22 
23 
24 
26 
26 
27 
28 
29 
30 


0. 

0. 

0. 

0.10 

0.13 

0.16 

0J20 

0.23 

0.26 

0.30 


11 


Decemb.  31 


10  January 
9 
8 
7 
6 
6 
4 
8 


0.33 
0.36 
0.39 
0.43 
0.46 
0.49 
0.52 
0.56 
0.58 
1 


0. 

0.  8 

0. 

0.11 

0.16 

0.18 

0J22 

0.26 

0.29 

033 


0.37 

0.40 

0.44 

0.48 

0.51 

0.56 

0.68 

1. 

1.  6| 

1 


0.  0 

0. 

0.  8 

0.12 

0.16 

0.20 

0.24 

0.28 

0.32 

0.36 


0.  0  0.  0 
0.  4  0.  4 
0.  9  0.  9 
0.13  0.14 
0.18  0.19 
0.22  0.24 
0.26  0.29 


0.31 


0.36  0.38 
0.40|0  43 


0.40 
0.44 
0.48 
0.63 
0.66 
1.  0 
1.  4 
1.  7 
1.11 
1.16 


0.44 

0. 

0.53 

0.67 

1 

1 

1.10 

1.14 

1.18 

1.22 


0.34 


0. 

0.  6 

0.10 

0.16 

0.20 

0.26 

0.31 

ft86 

0.41 

0.46 


0|0. 
0. 
O.J 
0.1 


021  June 

622 
1123 
1624 


Oi2225 


26 

.3327 
.3828 
,4429 
0.6030  June 


0.27 
0.; 
0. 
0. 


21  Juue 

20 

19 

18 

17 

16 

16 

14 

13 

12 


0 

0.63 

0.67 

1.  2 

1.  7 

1.11 

1.16 

1.20 

1.24 

1.29 


0.61 
0.57 
1.  2 
1.  7 
1.12 
1.17 
lii2 
1.26 
1.31 
1.36 


0.65 

1.  1 

1.  6 

1.1 

117 

1.22 

1.27 

1.32 

1.37 

1.43 


1  July 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Decemb.  1 
Novemb.30 
29 
28 
27 
96 
26 
24 
28 
22 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


1.  4{ 

1. 

1.10 

1.18 

1.16 

1.19 

1.22 

1.26 

1.28 

1.30 


1.12 
1.15 
1.18 
li22 
li26 
1.28 
1.3J 
1.36 
1.38 
1.41 


1.19 
1:23 
li26 
1.30 
1.34 
1.37 
1.40 
1.44 
1.47 
161 


li26 
1.30 
1.34 
1.38 
1.42 
1.46 
1.49 
1.63 
1.57 
2.  1 


1.33  1.41 


1.48 


II 


137 


1.45 


1.42  1.60 
i:46  1.64 


1.6212 
1.571 


1.60 
1.66 
1.69 
2.  3 
2.  7 
2.11 


1.68 
2.  3 
2.  8 
2.12 
2.16 
2.21 


2. 

2. 

2.12 

2.17 

2.21 


13 
2  14 


2.2619 
23120 


1  June 
81  May 
30 
29 
28 
27 
26 
26 
24 
23 


21 
20 
19 
18 
17 
16 
15 
14 
18 


20 
21 
22 
23 
24 
25 
26 
27 
28 


11  January  80 


1.33 
136 
139 
1.41 
1.43 
1.46 
1.48 
1.61 
1.54 
1.68 


1.44 
1.47 

1.58 
1.66 
1.58 
2.  I 
2.4 
2.  7 
2.1 


1.54 
1.67 
2.  0 
2.  4 
2.  7 
2.10 
2.13 
2.16 
2.19 
2.24 


2.11 
2.16 
2.18 
2iai 
2.26 
2.28 
231 
237 


2.16 
2.19 
2.22 
2.26 
2.30 
2.38 
2.37 
240 
2.44 
2.61 


2.25 
2.29 
2.33 
2.37 
2.41 
2.45 
2.49 
2.62 
2.56 
3.  4 


2.35 

2.4022 
23 
24 


2.44  S 

2.48|i2 

2.t 

2.562 

3. 

3. 

3. 

3!l7|31  July 


1.52  25 
26 
127 
528 
929 


22 
21 
20 
19 
18 
17 
16 
16 
14 
12 


7 
6 

8 

NoTemb.  1 
October  30 
28 
26 
24 
21 


9  February  1 
3 


6 
7 
9 
11 
13 
16 
17 
20 


2.  3 
2.  7 
2.11 
2.14 
218 
2J22 
2J25 
2J29 
2.32 
236 


2.17 
2.21 
2.28 
2i29 
233 
238 
2.41 
2.46 
2.49 
2.63 


230 
236 
2.40 
2.44 
2.49 
2.63 
2J56 
3.  2 


2.43 
2.49 
2.64 
2.69 
3.  4 
3.  9 
8.14 
3.18 


2.67 
3.  3 
3.  9 
3.14 
3.19 
3.26 


3.11 
3.17 
3.23 
3i29 
336 
3.41 


3.24 
3.32 
3.38 
3.44 


2  August 

4 

6 

8 


3.6010 
a66l2 


330  3.46 


3.  6  3.22 


8.11 


3.28 


3.85 
339 
3.46 


18  23 

16Febniary26 
12  March       1 


3.51 
3.56 
4.  3 


14 
816 


4. 
4. 
4.18118 
4i2021 


10 

8 

6 

4 

2  May 
30  April 
28 
26 
24 
21 


2.40 
2.43 


2.68 
3.  I 


3.16 


333 


9 
6 

October    8 

Septemb^ 

27 

24 

After 

Equinox 


2.46  8.  6 


3i20  838 


Before 

£€|tttlMX. 


4 
7 
10 
13 
16 
19 


249 
2A\ 
2.53 
2.66 
2.56 
2.66 
2.66 


8.  8 
8.10 
3.18 
3.14 
3.16 
8.16 
8.16 


3i2d 
3.26 


332 
8.38 
834 


3.42 
8.46 
3.48 
8.51 
3.63 
8.64 


336  3.66 


336 


3.66 


8.61 

8.66 

4. 

4.4 

4.  7 

4.10 

4.13 

4.14 

4.15 

4.16 


4.  8 
4.14 
4.19 
4.23 
4.26 
4.29 
4.32 
4.88 


4.26124 
4.£ 


.3227 


43830 


438 
434 


4.41 

4.46 

4.49 

4.61 

4.62 14 

4.6217 


August 
2  Sept. 
6 
8 


4U»  Before 
EquiaoK. 


K  Ta9. 


18 
16 
12 

9 

6 

3  April 
31  March 
28 
26 

After 
Equinox. 


:4 


TABLE  V. 


i  the  I^autjcal  Almanac  lor  noon  atGasor- 

wicii,  to  anj  other  Time  under  any  other  Meridian. 

Add  aft.  N. 

l^ub.afr.N. 

H.MJ1.M 

H.M 

H.M,H.M 

HM 

H.M 

Sub.  aft.  Nj 

Add  aa  Ni^ 

Sub.  bef.  N. 

Add1>ef.  N. 

6. 'iiO 

6.40 

6.    <' 

6.20 

6.40 

7.    0 

7.20 

Add  bet.  N. 

Sub.  bef,  N. 

Add  in  W. 

Sub.  in  W. 

80 

85 

90 

95 

100 

106 

110 

Sub.  in  W. 

Add  in  W. 

Sub.  in  E. 

Add  in  E. 
Dayg. 

Deg. 

M.S. 

Beg. 

M.S. 

Deg. 

M.S. 

M.S. 

Deg. 

Deg. 

Vf^g^ 

Add  in  E, 

Sub.  in  E. 

'Jays. 

M.S. 

M.S. 

M.S. 

Days. 

Daya. 

Decemb.  21 

Decemb.  21 

0.  0 

0.  U 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

21  Juoe 

21  June 

20 

22 

0.  6 

0.  6 

0.  6 

0.  7 

0.  8 

0.  8 

0.  8 

22 

20 

19 

23 

0.11 

0.12 

0.13 

0.14 

0.15 

0.16 

0.16 

23 

19 

18 

24 

0.17 

0.19 

0.20 

0.21 

0.22 

0.23 

Oi24 

24 

18 

17 

25 

0.23 

0i26 

0.26 

0.28 

Oi29 

0.31 

0.32 

26 

17 

16 

26 

0.29 

0.31 

0.33 

0.36 

0.37 

0.38 

0.4U 

26 

16 

16 

2l7 

0.35 

0.38 

0.40 

0.42 

0.44 

^.46 

0.49 

27 

15 

14 
13 

28 
29 

0.41 
0.47 

oSo 

0.46 
0.53 

0.49 
0.66 

0^1 
0.59 

0.64 
1.  2 

0.67 
1.  5 

28 
29 

14 
18 

• 

12 

30 

0.53 

0.66 

0.59 

1.  3 

1.  6 

1.  9 

1.12 

30  Jane 

12 

11 

Decemb.  31 

0.59 

1.  2 

1.  6 

1.10 

1.13 

1.17 

1.21 

1  July 

11 

10 

January     1 

1.  5 

1.  9 

1.13 

1.17 

1.21 

li25 

1.29 

2 

10 

9 

o 

1.11 

1.16 

1.19 

1.24 

1.2U 

1.32 

137 

3 

9 

8 

8 

1.16 

1.21 

1.26 

1.31 

1.35 

1.40 

1.45 

4 

8 

7 

4 

1.22 

1.27 

1.32 

1.37 

1.42 

1.47 

1.63 

5 

7 

6 

5 

1.27 

1.33 

1.38 

1.44 

1.49 

1.64 

2.  0 

6 

6 

6 

6 

1.33 

1.39 

1.46 

1.51 

1.67 

2.  2 

2.  8 

7 

6 

4 

7 

1.39 

1.46 

161 

1.57 

2.  3 

2.  9 

2.16 

8 

4 

3 

8 

1.44 

1.50 

1.67 

2.  4 

2.10 

2.1^ 

2.23 

9 

3 

2 

9 

1.50 

1.56 

2.  3 

2.10 

2.17 

2.23 

2.30 

10 

2 

Decemb.    1 

10 

i.55 

2.  2 

2.  9 

2.16 

2.23 

2.30 

2.38 

11 

1  June. 

Noveipb.30 

11 

2.  0 

2.  7 

2.16 

2i22 

2.30 

2.87 

2.46 

12 

31  May 

29 

12 

2.  5 

2.13 

2J21 

2.29 

2.37 

2.44 

2.52 

13 

30 

28 

13 

2.J0 

2.19 

2sn 

2.86 

2.43 

2.61 

8.  0 

14 

29 

27 

14 

2.16 

2.26 

2.33 

2.42 

2.60 

2.68 

8.  7 

16 

28 

26 

16 

2.21 

2^0 

2.38 

2.47 

2.66 

8.  6 

8.13 

16 

27 

25 

16 

2.2!6 

2.36 

2.44 

2.53 

3.  2 

8.11 

3.21 

17 

26 

24 

17 

2.31 

2.40 

2.60 

2.69 

3.  9 

3.18 

3.28 

18 

25 

23 

18 

2.36 

2.46 

2.66 

3.  5 

3.16 

3.24 

3.34 

19 

24 

22 

19 

2.41 

2.61 

3.  1 

3.11 

3.21 

3.31 

3.41 

20 

23 

21 

20 

2.46 

2.66 

3.  6 

3.17 

3.27 

3.37 

a48 

21 

is 

20 

•21 

2.60 

3.  2 

3.12 

3.23 

338 

3.44 

8j56 

22 

ei 

19 

22 

2.66 

8.  6 

3.17 

3.28 

3.39 

3.60 

4.  1 

28 

20 

16 

23 

3.  0 

3.11 

3.22 

3.38 

3.46 

3J66 

4.  7 

24 

19 

17 

24 

3.  4 

3.16 

3i87 

3.39 

3.50 

4.  1 

4.13 

26 

18 

16 

25 

3.  8 

3.20 

3.32 

3.44 

3.56 

4.  7 

4.19 

26 

17 

16 

26 

3.13 

3.26 

3.37 

3.49 

4.  1 

4.13 

4.26 

27 

16 

14 

27 

3.17 

3.29 

3.42 

3.54 

4.  6 

4.19 

4.31 

28 

16 

18 

28 

3.22 

3.34 

3.47 

4.  0 

4.12 

4i26 

438 

29 

14 

11 

January  30 

3.30 

3.43 

3.66 

4.  9 

4.22 

4.36 

4.49 

31  July 

12 

9 

Febroary  1 

3.38 

3.61 

4.6 

4.16 

4.32 

4.46 

4.«J 

2  August 

10 

7 

8 

3.46 

4.  0 

4.14 

4.28 

4.42 

4.56 

6.10 

4 

8 

6 

6 

3.62 

4.  6 

4i21 

4.36 

4M 

6.  6 

6.19 

6 

6 

3 

7 

3.59 

4.14 

4.29 

4.44 

4.59 

6.14 

6i29 

8 

4 

NoT«nb.    1 

9 

4.  6 

4i2I 

4^ 

4.62 

6.  7 

5.23 

638 

10 

2Maj 

October  30 

11 

4.12 

4i28 

4.44 

6.  0 

5.16 

531 

5.47 

12 

90  AfirO 

28 

13 

4.19 

4.36 

4.61 

6.  7 

6.23 

5.40 

456 

14 

28 

26 

16 

4.24 

4.41 

4.67 

6.14 

6.30 

5.47 

6.  3 

16 

26 

24 

17 

4.30 

4.47 

6.  8 

6i2l 

5.38 

5.65 

6.12 

18 

24 

21 

20 

4.37 

4.66 

6.12 

5i29 

5.47 

6.  4 

6.21 

21 

21 

18 

23  4.44 

6.  2 

5.19 

5.37 

6.66 

6.13 

6.31 

24 

18 

16 

February26 

4.50 

6.  8 

6i26 

6.44 

6.  2 

6i20 

638 

27  ' 

16 

12 

March       1 

4.66 

5.15 

5.33 

6.52 

6.10 

6i29 

6.47 

80  August 

12 

9 

4 

5.  0 

6.19 

5.38 

6.67 

6.16 

6.34 

6.63 

2  Sept 

9 

6 

7 

6.  4 

6.23 

6.42 

6.  1 

6.20 

6.39 

6.68 

6 

6 

October     8 

10 

6.  8 

5.27 

6.46 

6.  5 

6.26 

6.44 

7.  3 

8 

3  Apifl 
»  Mttdi 

Septemb.30 

13 

6.11 

6.30 

5.49 

6.  8 

6.28 

6.47 

7.  6 

11 

27 

16 

5.12 

6.31 

6.61 

6.11 

6.31 

6.50 

7.  9 

14 

28 

24 

19 

6.12 

6.32 

6.62 

6.12' 6.32 

6^1 

7.11 

17 

25 

After 

Before 

5.13 

5i» 

6.63 

6.13;  6.33 

6.62 

7.11 

Befoi« 

Aftir^ofT 

c> 

Enntnoz. 

Equinox. 

1 

Eqomox.     \ 

Equaox. 

Table  v. 


76 


Forrediiciag  tfie  Son's  Dkcuvation  as  g^iveo  in  the  Nautical  Almanac  for  no^  atGaxBM- 
wiCH,  to  any  other  Time  aoder  any  other  Meridian. 


AAiaiiN 
Snh.  bef.  N. 

Add  in  W. 

Sub.  in  B. 


dnb.  a^t.  N.  H.M  HM  U.M,il.M  U.M 

Add  bef.  N. 7. 408.   08.208.409.   0 9.  20|9. 40|Add 


ITS! 


H3r 


Sub.  aft.  N. 
bef.  N 


Add  aft.  N. 
.  Sub.  bef.  N 


Decmnb.  21 
20 
19 
18 
17 
16 
IS 
14 
18 
18 


Decemb. 

Efovemb.aO 
29 
S8 
27 
2d 
26 
24 
23 


Dayi. 


Decemb.  21 
22 
23 
24 
26 
26 
27 
28 
29 
80 


11  Decemb.  81 
10  January 

2 
8 

4 
6 
6 
7 
8 
9 


8 


21 
20 
19 
18 
17 
16 
16 
14 
18 
11 


8 
NoTcnb. 
October  801 


26 
24 
21 


18 

.16 


6 
October    8 

Tl  aim  ■Mill  1M1 

27 
24 

Alter 

Efninox. 


Sub.  in  W. 
Add  in  E. 


Days. 


M.S. 


3A8 
4.  6 
4.12 
4.19 
4.26 
4.31 
4-38 
4.43 

January  80|6.  2 


20 
21 
22 
28 
24 
26 
26 
27 


OFebmary  1 

8 

6 

7 

9 

11 

18 

16 

17 

20 


23 

dFebniary26 

12|March       1 

4 

7 


Before 
Eiquinox. 


116 


Deg.Veg. 


iM.S. 


0.  0 

0.  9 
0.17 
0.26 
0.34 
0.42 
0^1 
0.69 

1.  8 
1.16 


1J24 

133 

1 

1.49 

1.68 

2.  6 

2.14 

2.22 

2.29 

237 


10  2.46 

11  2.62 

12  3.  0 

18  8.  8 
14  3.16 
16  3.22 

3.30 
3.87 
18|8.44 

19  3.61 


6.13 
6.24 
6.34 
6.44 
6.63 
6.  3 
6.12 

6iao 

6.29 
639 


6.48 
6.67 
7.  6 
7.12 
7.17 
7J23 


10 

13  7.261 7. 

16 

19 


120 


M.S. 


0.  0 
0.  9 
0.18 


0.26  0.27 
036  0.36 


0.44 


0.63  0.65 
1.  2  1.  6 


1.11 


1.19  li23 


1J28  1.32 
137  1.41 


1.46 
1.64 
2.  3 
2.11 


2.20  2.26 
2.28  2.34 
236  2.43 


2.44 


6.49 


6.28 
636 
6.46 
6JM 


7.  6 


731 


.46 

7.48 


7.29 

730  7.60(8.10 

731 


7.50 


126 
Deg 


M.S.  M.S. 


0.  0 
0.  9 
0.18 


0.46 


1.14 


1.61 
1.69 
2.  6 
2.16 


2M 


2.69 
3.  7 
3. 


3.16 


2i^2 

8.  0 

8.  8  3.16)  8iM 

3.16  S34 

8^41332  3.41 

331 

339 

3.46 

8.64 

4. 


8.40 


8.48  8.67 


3.66 
4.  4 
4.11 


4.  8  4.19 
4.16  4.27 
4.23  4.34 
430  4.41 
436  4.48 
4.43  4.66 
4.50  6.  2 
4.56  5.  8 
6.  3  6.16 
6.16  5.28 


6J27  6.40 
6.38  6i^ 


6.  4 


6.69  6.14 
6.  9  6.24 
6.18  634 


6.44 
6.53 
7.  2 
7.13 


7i24 


7.16  7.34 
7JM7.42 


7.60 


7.36  7.56 
7.42  8.  1 


8.  4 
8.  7 


8.101 


130   136 
Deg.Veg. 


0.  0 
0.10 
0.19 
0.28 
038 
0.48 
0.67 

1.  7 
1.17 
li26 


136 
1.45 
1.65 
2.  4 
2.13 
2.22 
2.32 
2.41 
2.49 


2.66 
2j58|d.  6 


3.  6|  3.141 3.21 
3.30 


33218.40 
8.49 


3.49 


4.  6 
4.14 
4i2I 


4i29 
4.37 
4.46 
4.63 
6.  0 
6.  7 


5.21 


6.41 


5.64 

6.  6 
6.18 
6iS9 
6.40 
6.60 

7.  0 
7.10 
7.19 
731 


7.^ 
7.52 
8.  1 
8.  9 
8.14 


8.24 
857 
8.29 
8.30 


140 


M.S 


0.  0 
0.10 
0.19 
0.29 
0.39 
0.49 
0.59 

1.  9 
1.19 
1.29 


139 
1.49 
lJi9 
2.  9 
2.19 
2i28 
2. 


1.43 
1.63 
2.  3 
2.13 
2.23 
233 
2.43 
2>I7  2.63 


8.23 


8.58 

4.  7 
4.16 

4i^4 

431 


439 
4.48 
4.66 
6.  4 
6.12 
6.19 


6.14  6.26 


633 


6.64 


6.  8 
6.20 
6.33 
6.44 
6.66 

7.  6 
7.16 
7i26 
7.36 
7.48 


8.  0 
8.10 
8i20 
828 
838 
8.2018.39 


8.43 

8.47 
8.49 
8.60 


0.  0 

O.IO 

0.20 

0.30 

0.41 

0.61 

1 

1.12 

1.22 

1.32 


8.  3 

3.12  3.19|10 


3.49 
8.68 
4.  7 
4.16 
4i24 
433 
4.41 


4.50 
4.59 
6.  7 
6.15 
6.23 
6.30 


6.22 

636 

6.47 

6.60 

7.11 

7.21 

7 

7.42 

7.62 

8.  6 


8.17 
8.28 
8.38 
8.46 
8.63 
8.69 
9.  3 
9.  6 
9.  8 
9.  9 


146 
Degr. 


M.S. 


021  June 

1022 


0. 
0.] 
0J21I23 
03124 


.4316 


0. 

0.1 

1.  3|27 

1.1428 

1.2629 

1.3630  June 


1.461 
1.6 

2.  7 
2.18 
2.28 
239 
2.49 
2.59 

3.  9 


3.2811 


8.38 
3/47 
8.67 


4.61 


6. 
5, 

6.18|83 
6.2624 
6.3426 
6.4226 
63816.5027 
6.46|6.6628 
6.  6|29 


6i»|  6.40(6.54  ( 

6.  8|  6.21131  July 


635 
6.49 

7. 
7.141 


7.2610 
7.37 12 

7.48 
7. 
8.  91 


8.2221 


8.j 
8.^ 
8.67i30 


9.  6 

9.12 

9.18 

9.22 

9.! 

9.! 


Sub.  in  W. 
Add  in  £. 


Days. 


21  June 

20 

19 

18 

17 

16 

16 

14 

13 

12 


1  July 

2 

3 

4 

5 

6 

7 

8 

9 


4.  616 
4.16  16 
4.2617 
4.3418 
4.4319 


20 


0  21 
922 


August 


.6816 


.3424 
.4627 


August 
2  Sept. 
6 
8 
11 


.2514 


.2717 
9.28  Before 
Equinoi, 


Add  in  W. 
Sub.  in  £. 


Days. 


1  June 
81  May 

30 
29 
28 
27 
26 
26 
24 
23 


21 
20 
19 
18 
17 
16 
16 
14 
12 


10 

8 

6 

4 

2  May 
90  AprU 
28 
26 
24 
21 


18 
16 

9  ^ 

6 

3  Aprtt 
31  March 
28 
26 

After 
Equtno*. 


TABL£  V. 

For  rcduciup  tbc  So!r*s  Dkciasatioh  as  given  in  tbe  Nttatical 

wicB,  to  any  other  Time  under  any  other  Meridian. 


Add  ai\.  .%  J  Sub.  aft.  »uU.MH.M 
^  ih.  bef.  N  JAdd  bef.  N.  10. 0|10. 2a|10. 

AdTi~n"w7 
Sul*-  in  E. 


H,  M.ri.  M.  a.  ^iM.  Miff.  M.|Snk».  a&.  NlAiU  a^  N 
.4011.  0  11.20  11.40  12.  0  AddbeCN.Siib.bc£N. 


Davs. 


Decemb.  21 
20 
19 
18 
17 
16 
15 
14 
13 
12 


Sub.  in  W. 
Add  in  £. 


160 
Deg 


Days. 


Decemb.  21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


M.S. 


0.  0 
0.11 
0.22 
0^ 
0.%1 
O^ 


1.17 
t.28 
1.39 


156 


M.S 


0.  0 
0.11 
0.23 
OM 
0.46 
0.67 


1.  6    1.  8 


liBO 
1.31 
1.42 


160 
M.S 


0.  0  0.  0 
0.121  0.12 
0.24 
0.36 
0.48 
1.  0 
1.13 
1.23 
IJ31 
1.49 


Oi24 

0.35 

0.47 

0^ 

1 

li23 

1.84 

1.46 


165 


M.S. 


170 
Deg. 


M.S. 


0.  0 
0.12 
0^ 
0J87 
0^ 

1.  2 
1.15 
157 
1.40 
lii2 


175 
I>eg 


M.S. 


0.  0 
0.13 
0.26 
0^ 
0.61 
1.4 
1.17 
1^ 
1.43 
1.66 


180 
Deg. 


M.S. 


0  21  J« 

1322 


0. 

0.1 

Oj96|23 

0ja9a4 

0j53l26 

1. 

I.19|27 


1.46  29 
1J69  30  June 


Sab.inW 
Add'mE. 


Dayi. 


U  Jn 

20 

19 

18 

17 

16 

16 

14 

IS 

IS 


Add  in  W. 
8ab.in£. 


0ayt. 


11  Decemb.  31 
lOJanuaiy 
9 


8 


;>ecemb. 

Vovemb.  3U 
29 
28 
27 
26 
25 
24 
23 
22 


1.5i» 

2. 

2.12 

2.23 

2.34 

2.44 


2.  6 
2.16 

2.27 
2.39 

2.60 


2.55    3.  1 


3 

8.16 


3.11 
3.21 


3.25    332 


1.67 
2.  9 
2.20 
2^2 
2.44 
2Jb6 
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TABLE  VIII. 


[lijrht  Ascensions  and  Declinations  of  some  of  the  prinnipal  fixed  Stars,  adapted  to  the  begin, 
ning  of  the  year  1920,  with  their  annual  variations. 


6' 

1 

Riglu 
Asceniloo. 

"Apn. 

Var. 
R.  A. 

add 
after. 

1820. 

DedhiatioD. 

Annual 
Vartadon. 

H.iM.S. 

li 

O    / 

Extremity  of  the  wing  of  Pe- 

gasus, Algenih 

r 

2 

0.  3.59 

3.08 

14.11  N. 

+20.1 

In  the  head  of  the  Phenix 

a 

2.3 

0.17.22 

2.99 

43.16  S. 

—20.0 

Bright  Star  in  the  tail  of  the 

Whale 

0 

2.3 

0.34.32 

3.00 

18.59'S. 

—19.9 

Polar  Star,   taD  of  the  Little 

Bear 

a 

2.3 

0.57.  1 

14.26 

88.21  N. 

+  19.4 

In  the  girdle  of  Andromeda 

& 

2 

0.59.40 

3.80 

34.40  N. 

+  19.5 

Tlie  spring  of  the  River  Erida, 

Achemar 

a 

1 

1.81.  0 

2.25 

58.  9  S. 

—18.5 

Almach  in  the  foot  of  Andro- 

meda 

Y 

2 

1.52.53 

3.62 

41.28  N. 

+  17.7 

*The  followinghorn  of  the  llam, 

a  ARIKTIS 

a 

2 

1.57.  3 

3.35 

22.36  N. 

+  17.4 

In  the  neck  of  the  Whale 

9 

2 

2.10.15 

8.02 

3.48  S. 

—17.0 

'In  the  jaw  of  the  Whale 

A 

2 

2.52.52 

3.12 

3.23  N. 

+  14.8 

In  the  head  of  Medusa,  Jitgol 

0 

2 

2.56.28 

8.85 

40.15  N. 

+  14.6 

The  bright  Star  in  Perseus 

a 

2 

3.11.31 

4.20 

49.1SW. 

+  13.6 

The  bright  Star  of  the  Pleiades, 

or  Seren  Stars 

V 

3 

3.36.47 

8.54 

23.33  N. 

+  11.8 

*Thc  southern  eye  of  the  Bull, 

Aldebaran 

a 

1 

4.25.36 

3.43 

16.  8N. 

+   8.0 

In  the  left  shoulder  of  Auriga, 

Capella 
The  bright  foot  of  Orion,  Riffel 
The  northern  horn  of  the  Bull 

a 

1 

5.  3.24 

4.41 

45.48  N. 

+  4.6 

0 

1 

5.  5.58 

2.88 

8.25  S. 

—  4.9 

0 

i 

5.14.55 

3.78 

28.27  N. 

+    S.« 

The  western  shoulder  of  Orion 

r 

2 

5.15.29 

3.21 

6.11  N. 

+   4.0 

f 

6 

2 

5.22.49 

3.06 

0.27  S. 

—  3.3 

In  the  belt  of  Orion                  i 

t 

2 

5.27.  4 

3.03 

1.19  S. 

—  8.0 

I 

f 

2 

5.31.41 

3.02 

2.  3S. 

—  2.6 

Bright  Star  in  the  Dove 

« 

2 

5.33.  9 

2.17 

34.10  S. 

—  £.4 

The  eastern  shoulder  of  Orion 

a 

1 

5.45.26 

8.25  , 

7.22N. 

+   1.4 

In  the  foot  of  the  Great  Dog 

0 

2.3 

6.14.46 

2.64 

17.52  S. 

+   1.2 

In  the  poop  of  the  ship  Argo 

Canopus 

a 

1 

6.19.57 

1.33 

52.36  S. 

+    1.7 

In  the  ankle  of  Pollux 

r 

2.3 

6.27.19 

3.46 

16.33N. 

—  2.3 

In  the   mouth  of  the  Greater 

*Dog,  Sirius 

a 

1 

6.37.13 

2.64 

16.29  S- 

+  4.4 

In  the  thigh  of  the  Greater  Dog 

c 

2.8 

6.51.32 

2.35 

28.44  S. 

+  4.4 

In  the  back  of  the  Greater  Dog 

S 

2.3 

7.  1,  3 

2.44 

26.  7  S. 

+   5.2 

In  TUa  (ail  of  the  Greater  Dog 

n 

2 

7.16.59 

2.38 

28.57  S. 

+   6.5 

In   the  head  of  the   northern 

Twin,  Castor 

a 

1.2 

7.28.  6 

3.85 

32.1 6  N. 

—  7,1 

^hn^lr     (T^^^Oglp  < 


TABLE  VIII.  81 

Ril^t  AMeftdons  and  DocUnations  of  some  of  the  principal  fixed  Stan,  adapted  to  tbe  be 
ginning  of  the  jeor  18S0,  with  their  annual  Tariations. 


Names  if  sUuatumi  of  the  STARS. 


The  Leaser  Dog  Proeym 

*  In  the  head  of  the  southern 
Twin,  Pollux 

In  the  row    lock   of  the   ship 

Argo 
In  the  poop  of  the  ship  Argo 
In  the  middle  of  the  ship  Argo 
In  the  oars  of  the  ship  Argo 
The  heart  of  the  female  Hydra, 

Alphard 

*  The  Lion's  heart  Regulus 
South  pointer  in  the  sq.  of  the 

Great  Bear 
North  pointer  in  the  sq.  of  the 
Great  Bear 


The  Icon's  tail — Denehola 

S.  £•  Star  of  □   of  the  Great 

Bear 
N.  £.  Star  of  O    of  the  Great 

Bear 
In  the  foot  of  the  Cross 
In  the  top  of  the  Gross 
In    the .  foUowhig    arm   of  the 

Cross 
AUotkj  first  star  in  the  tail  of  the 

Great  Bear 
•  The  Vurgin's  spike-^picA 
The  second  Star  in  the  tail  of  the 

Great  Bear 


Last  Star  in  the  tail  of  the  Great 
Bejar 

Tte  western  foot  of  the  Centaur 

In  the  tail  of  the  Dragon 

The  bright  Star  m  Bootes-^ilrc- 
tunu 

The  eastern  foot  of  the  Centaur 

The  southern  scale  of  the  Ba- 
lance 

The  northern  scale  of  the  Ba- 
lance 

Brif^t  Star  in  the  crown  Gemma 


1.2 


3 

S 

!|.3 

1 
1 


a      2.3 

2.3 

2 


1.2 
1.2 

2 


Itieht 


H.M.  S. 
7.29.62 

7.34.17 

7.57.16 
8.  4.  1 
8.39.45 
9.11.13 

9.18.44 
9.58.46 

10.50.54 

10.52.32 


1.2 

2 

3 
1 

2 


2.3 
1 

2.3 


11.89.52 

11.44.19 

12.  6.27 
12.16.41 
12.21.13 

12.37.18 

12.46.  8 
13.15.43 

13.16.39 


13.40.26 
13.51.14 
13.59.31 

14.  7.26 
14.28.  0 

14.40.56 

15.  7.20 
15.^7.  4 


Anu. 
Var. 
R.  A. 
add 
after 
1820. 


3.15 

3.69 

2.12 
1.86 
1,66 
0,75 

2.95 
3.21 

3.71 

3.83 


3,07 

3.20 

3.02 
3.24 
3.24 

3.41 

2.75 
3.14 

2.43 


2.38 
4.10 
1.63 

2.73 
4.44 

3.29 

3.22 
2.53 


OvdlnaUun. 


O    r 

5.41  N, 

28.27  N. 

39.30  S 
46.48  S. 
54.  3  S 
68.59  Q 

7.53  S. 
12.51  N. 


8.5 

—  8.0 

+  9.7 
-f  10.3 
-f  12.9 
-1-14.9 

-f-15,2 
—17.3 


57.21  N.— 19.1 


62.43  N 


—19.3 


15.^5  N.— 20.0 


54.42  N 

58.  J^N 
62.  6  S. 
56.  6  S. 

58.41  S. 

56.58  N. 
10.13  S. 

55.52  N. 


50.13N. 
59.30  8 
65.14  l^f. 

20.  8N 
60.  7  S. 

15.17  S. 


AnDUiil 
Varlatiua 


—20.0 

•—20.1 
+20.0 
-f.20.0 

-f-19.8 

—19.7 
+  19  0 


-19.0 


—18.2 
+  17.8 
—17.4 

—19.0 
--a  0.1 

+  15.2 


8.43  SJ+IS.8 

27.20  N-M*  5, 


ttkb: 
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TABLE  Vra. 


Bieht  Ammoowm  and  Dedinalioiif  of  lome  of  the  principal  fiied  Star^  adapM 
^^  ginoiag  of  the  year  1890,  with  their  animal  tariationa. 


tothabtt- 


Namet  9f  niuathtu  of  the  STARS. 


Id  the  neck  of  the  Serpent 

The   northemmoet   Star   of  the 

Scorpion's  forehead 
*The  Scorpion*s  heart,  Antares 
In  the  eastern  knee  of  Ophiuchus 
In  the  head  of  Hercules 
In  the  head  of  Ophiuchus 
In  the  head  of  the  Drapn 
In  the  how  of  Sagittarius 

,  t 


The  bright  Star  in  the  Harp,  We- 

ga,  Ltra 
•  Bright  Star  in  the  Eagle,  Atair, 

a  AqUILJB 

The  eye  of  the  Peacock 
The  tail  of  the  Swan  Deneb 
The  western  wing  of  the  Crane 
*In  the  mouth  of  the  southern  Ash, 

FOMALHAUT 

In  the  shoulder  of  Pegasus 

*In  the  wing  of  Pegasus,  Markab 

a  PeOASI 

In  the  head  of  Andromeda 
Near  the  shoulder  of  Cassiopea 


2 

1 

^ 

2 
S.3 
2.3 


1 

2 
1.2 

2 

1 
2 

2 

2 

2.3 


H.  M.  B^ 
15.35.24 

15.55.  0 
16.18.23 
17.  0.  3 
17.  6.27 
17.26.35 
17.52.25 
18.12.14 


18.30.51 

19.42.  0 
20.11.20 
20.35.18 
21.56.49 

22.47.41 
22.55.  3 

22.55.48 
23.59.  6 
23.59.35 


Var. 
B.  A. 


lOOi 


2.94 

3.47 
3.66 
3.42 
2.73 
2.77 
1.38 
3.98 


2.03 

2.93 
4.85 
2.04 
3.85 

3.34 
2.87 

2.98 
3.08 
3.05 


O    ' 
7.  ON. 

19.18  S. 
26.  1  S. 

15.30  S 
14.36  N. 

12.42  N. 

51.31  N. 
34.28  S. 


—11.7 

+10.5 
+  8.6 
+  5.3 

—  4.5 
3.1 

—  0.7 

—  0.9 


38.37  N. 

8.24  N. 
57.18  S. 
44.39  N. 
47.49  S 

30.34  S. 

27.  7N. 

14.14  N. 

28.  6  If. 

58.  9N. 


+  3.0 

+  9.1 
—10.8 
+  12.6 
17.4 

—19.1 
+  l9Ji 

+  19.4 
+20.0 
+20.1 


Note. — ^If  the  places  of  these  stars  are  wanted  for  any  time  before  the  be- 
ginning of  the  year  1820,  multiply  the  annual  Tariation,  in  right  ascension,  by 
the  number  of  years  before  1820,  and  subtract  the  product  from  the  ririit 
ascension  standing  in  the  table;  but  the  product  of  the  annual  FariatioD 
in  declination  by  me  number  of  years  before  1820  must  be  added  to,  or  sub- 
tracted from  the  declination,  according  as  the  sign  —  or  +  is  marked  in  ^e 
Table;  but  for  any  years  after  1820,  the  annual  variation  in  tight  asceniioo 
multiplied  by  the  number  of  years  after  1820  must  be  added  to  the  right  aaeeo- 
sion  in  the  Table,  and  the  annual  variation  in  deduiatbn  multiplied  by  the  num- 
ber of  years  after  1220  must  be  either  added  to,  or  subtracted  fh>m  the  decQ- 
nation,  according  to  the  signs  in  the  Table.— The  annual  variation  Is  set  down 
for  seconds  and  decimals  of  a  second*  An  asterisk  is  prefixed  to  the  stars 
whose  distances  from  the  moon  are  given  in  the  Nautical  Almanac.  When 
very  great  accuracy  is  required,  the  corrections  found  In  Tables  XLII.  and 
XLflll.  for  aberration  and  nutation,  are  to  be  applied  to  the  ntuibers  dedueed 
from  Table  VIII.  but  these  corrections  are  generally  not  of  much  importance 
in  nautical  calculations.  The  corrected  values  are  however  given  in  the  Naud- 
cal  Almanac  for  24  of  the  bright  stars  of  this  catalogue  for  every  ten  days  io 
the  year,  and  these  values  are  always  to  be  preferred. 
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TABLE  X. 
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For  finding  Ae  Distance  of  Tenettrial  Objects  at  Sea^ 

in  Statute  miles. 

iHelgfatin 

Dhttance. 

Height  b 

jbistanee. 

Height  in 

Dbtanoc 

Height  ii^ 

Distanoe. 

feet. 

Mil  Dec. 

f^t 

Mfl.  Dee. 

feet. 

Mil.  Dec. 

f<^t. 

M.  Tenths. 

1 

1.32 

44 

8.78 

320 

23.67 

1000 

41.8 
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1.87 

46 

8.87 

330 

24.08 
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48.9 
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2.29 
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24.39 

1200 
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former  and  opposite  the  latter,  is  the  correction  to  be  applied  to  the  number,  marked  fint] 
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l.&*30 


l.tt338 
l^U 
1,«47S 
l.8d47 
1.8eil 
L8676 


1.8754 
.8794 
\384a 


mm  I 

59.33I.933& 
69.3S  1 
^.36134l>4 
S9J7I.M33 
69^1.^7] 


1.9^501 

.4^1.9663 
4313578 
44  136WS 


M43 
156CQ 

.967^ 

IS7Q€ 
1,9714 


1-97** 

^i>lil.9734 

97J7 

1.37:61 

119741 

\974:r 
9742 
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WHXN  THE  SUN  IS  USED. 


0Ap. 

Alt 


DM 


M  S. 


5.0 
10 
20 
30 


Cor.  I 


Log. 


30.l(;O.964.i 
60.320.9766 
50.4«  0.^85 
61.  31.0000 
51.161.0113 
51.301.0226 


6.  0  161.421.0^30 
10  :51.661.04J 
20-5$.  6,10541 
30  !52.n  1.064:i 
40  52.28  1.0742 
50   52. J8  1.0li4<) 


7.  0 
10 
20 

;<o 
.% 

40 


52.4o' 

52.57 

53.  6 

63. 

53. 

53.23 


7.45 
48 
61 
64 
67 

8.  0 


63.27 

63.; 

63.32(1 
53.; 
63.37 
53.39 


8.  3 
6 
9 
12 
16 
18 


1.1499 
1.1524 
15.j0 
1.1575 
.1599 
63.52ll.1624 


63.41 

63.44 

63 

53.48 

63.501 


8JS1 
24 
27 
30 
33 
36 


63.65 
S5S7 
63.691 
64.  I 
64.  3 
64.  6 


42 
46 
48 
61 
64 


8^7 

9.  0 

S 

6 

9 

12 


9.15 
18 
SI 
24 

n 

30 


9.33 
36 
SO 
42 

46 

48 


9J61 

64 
67 


151 
191 


1.093. 

1.102<^ 

1.1122 
1212 
.1257 

1.1301 


1.1649 
1.1673 
169^! 
1.1722 
1.1746 
1.1770 


64.  7 

64.  9 

54.11 

54.13 

64. 

64.16 


151 


54.18 

64.201 

64.22 

54.24 

64.261 


6127 


64.29  l.i 
64.31] 
64.33' 1 
64.34] 
64.361.9 


64.41 
64.431 


64.491 
64.51 

64.62)1 


1.134o{ 
.1371 
1397 
.1423 
1.14'f8 
1.1474 


1.1818 
l.l&il 
1.1865 
1888 
1.1912 


1.193.3 
.1958 

1.1981 

1.2004 
.2026 

1.2049 


.2071 
1.2094 
1.2116 
1.2139 

.2161 
64.38^1^183 


64.39 1J2205 


1.2227 
2248 


64^1.2270 
64.46  1.2291 
64.48  1J2313 


.2334 

1.2355 

.2376 


0Ap 
Alt. 


D  M 


10.  0 
3 


54.64 
54.66 


654. 

9  5't.58 
12  55. 
15 


0 
55.  1 


10.18 


2156. 


56.  3 
4 

24|55.  6 
2755.  7 
3055.  8 
33  55.10 


10.36165.1 1 
.13 
.14 
15 

1.17 
18 


39  55. 
4255. 
4555. 
48  55, 
6165.1 


Cor. 


M   S 


10.,51 55.19 
57  55.20 


65.22 


w 


lOAptc 


.2397 
.2418 

1.2460 
1.2481 

1.2,'j<)l 


.2622 
1.2543 
1.2563 
li2583 
1.2603 
1.2623 


1.2643 
1.2663 
.2683 
1.2702 
1.2722 
1.2742 


1.2761 
1.2780 
1.2799 


55.231 1.281 8 
.241.2837 
9|55J26|  1.2856 


11.1256.2711.2875 
55.28!  1.2y<« 
1.2913 


1856.29 


155.30 
5.32 
27|56.33 


2455.1 


11 .30155.3^1.2988 
1.3007 
1.3025 
1.3043 
1.3061 
1.3079 


3355.35 
3665.36 
3955.38 
4256.39 
4565.40 


11.48|55.41 
.42 


6155. 

6465 

6755. 

IS.  055.45 

356.46 


1.3097] 
1.311 
1.431.31331 
.44{1.3151 
1.3169 
1.3187 


12.  6  55.48 
9!.%.49 
125&d01 
15|66.51 
18)65.52 
21  65.5.} 


12.2455.54 
27165.55 
305666 
33;55.57 
3665.68 
3956.691 


12.4266. 
4656. 
4866. 
6166. 
6456. 
ff756. 


13.  056. 

666. 

1056. 


1.2932 
1.2951 
1J2970 


1.3205 
1.3223 
.3240 
1.3257 
1.3276 
1.3292 


1.3309 
1.3326 
1.3343 
1.3360 
1.3377 
3394 


1.M11 

1.3427 

211.3444 

31.3461 

41.3478 

1.3494 


1.3610 
1.3638 
1.3666 


D  M 


Alt. 


13.1556.101.3592 


2056. 

25 

30 

3666. 

40 


12 
56.13ll.3646 
66.151.3672 

.16 
56.17 


13.45 

I 

] 
14. 


56.19 


1.3751 
6066.201.3777 
6556.22ll.3803 

1.3628 


056.23 
56  J24  1.3853 


10 


56.26 


14.1556.27 


2056. 


.28 
.56.30 
.56.31 
56.32 

56.3;J 


14.40 
50 


56.30 
5t».36 


55  56.37 


15.  0 
5 
10 


56.3JJ 
56.39 
56.41 


15.1.) 
20 


56.42 
56.4^ 


1.4197 
1.4221 
25.56.44|1.4244j 
.4267 
1.4290 
1.4313 


4056, 


16. 


55 


16115 


35 


4057 


16.45 
17. 


10 


6057. 


M  S 


.451 


56.. 
66.46 
.47 


15.45  56.49 


1.4336 
50|56.60|  1.4359 
.4382 
.4404 
656.63  L44S7 
I056.54il.4449| 


56.51 
056.621 


.56.56 


2066.66 
2556.67 
3066.68 


66.69 
0 


57. 

5067. 

6667. 

0167. 

6^7. 


6 
57.  6 


17.1657.  6 
.  7 
26|67.  8 
3067.9 
8567.10 
4067.11 


W 


1.3619 


1.3699 
1.3725 


1.3878 


1.39(H 
1.3929 
1.3954 
1.3979 
1.400'! 
1.4029 


1.4053 
1.4077 
1.4101 
1.412,5 
1.4149 
1.4173 


^.^Ic 


Alt. 


DM 


20.0 


19.  0  67.24  l.6149i 


1057. 


.25 

SI 
57.28 


2067jr7 
30 


4057.301.58991 


6057.31 


57.33  1.5372 

.341.6408 

20167.36 1.6444 1 


1067.i 


30^.37 
4057.38 
6067.39 


21.  067.41 
57.42 
.43 

30157.44 
4057.46 
50  57.47 


10 
2057.^ 


22.  057.48 


1057.49  1.5817 


2057.50 


3057 
40  57, 
6067.5311.5945 


.4471 
.4493 
.4616 
.4537 
.4669 
.4681 


.4602.27. 
.4624 


.4646 
.4667 
.4688 
.4709 


1.4730 
1.4751 
1.4772 
1.4793 
1.4814 
1.4835 


4667. 


121.4866 
.13 1.4876 


17.' 

S 

B 
18.  057.14|1.4916 


6667.141.4896  33. 


1057.16 
90r67.18 


18^0^57.191.6034 

"1.6073 

6057JSfl.6111 


1.4966 
1.4996 


24.  058.  1 


23.  0 


57.54  1.697(1 


1057.561.6008 


2057.57 


20 


I34; 


|36. 


M  S 


3057 
4057, 
6058 


57.56 
,59 
.  0 


1058. 
2068. 
3068.  3 
40  68. 
6068. 


26.  066.  61.6336 


40|68.10  1.6449 
1.6605 
1.6659 

4066.15^1.6612 


26.068.11 

58.131 


068 


1.6665 
1.6718 
1911.6771 
|28^  0|68.21 

4 
40|68.24|1.6923 


2058, 
4068.1 


32.068.36 


3068.S 


1.38 
0|58!401 
.41 
1.43 


30  58.4 


0  68.4 


0|58.46 

!     30^.47 

.49 


0|58.4 


Log 


l<?Ap|c 


U1871 
1.6225: 
1.5262 


1.6336 


39.  068.57 


39.3068.58 


1.6480 
1.6615 
1.5550 


1.6585 


1.5619 
1.6653 
1.5686 
1.6719 
1.5752 


1.5784 


1.5849 
1.5881 
1.5913 


1.6039 
1.6070 
1.6101 
1.6131 


52. 
53. 
64. 
66. 
56. 
ff7. 


1.6161 
21.6191 
3  1.6221 


1.6250  61. 


41.6279 
61.6306 


2058.  81.6393  66. 


70. 
71. 
72. 
1.6824(73. 
74. 
75. 


l29ro|58.26|1.6972  76. 
3068.271.7046  77. 


30.  0^.291.7117 
1.7187 
31.0168.331.7265  80. 
3058.361.7321  81. 


1.7387 


1.7464 
.7620 

1.7682 
.7643 


30  68.441.7702  87. 


1.7762 
1.7821 
1.7878 


Alt. 


D  M 


37. 

30 
38.  0 


M  S 


36.3058.50 
.51 
68.53 
58.64il 


1.7934 

1.7990 

1.8(H5 

.8100 

30|68.55|1.81.54 
1.8206 


'10 

40.  0:58 
1     3069. 

41.  0,59. 
I     30!59 

42.  0.60 


591 


42.3059. 

43.  0169. 
3069. 
.  0  59.  7 
30*69. 

46.  0169. 


46. 
47. 
48. 
49. 
50. 
61. 


58. 
59. 
60. 


62. 
63. 


64. 


69.11 
59. 
69. 
69.16 
.18 
69.19 


5921 

59Jti 


1.929^4 

1.9362 

169.244 1.9424 

2fi|  1.9484 

^1.9544 

1.9602 


69.^ 
69.^ 


60.29 
69.30 
69.31 


69.34 
69.36 


1.9668 
1.9715 
1.9761 
69.331.9807 
1.9854 
1.9901 


66 
67. 


69.36 
69.37 
69.38 
69.39 


78. 
79. 


82. 
83. 
84. 
86. 
86. 


90. 


Log. 


1.8257 

8307 

0(1.8357 

1.8406 
2jl. 845.1 
3|l.8500 


4|1.8M6 

.8693 

.8638 

1.8083 

8(1.8726 
.8763 


51.j 
61.f 


9\.i 


1.8848 
1.8928 
1.9004 
1.9081 
li)]54 
1.9225 


1.9946 
1.9986 
2.0025 
2.0064 


60.40i2.0100 
69.412.0136 


fi9.42i2.0173 
69.4:)2020B 
89.44,2.0238 
1.45.2.0268 
69.462.0296 
59.47'2.0322 


59.48  2.0313 
69.492.0363 
69i»  2.0382 
69.51'2.0400 


69Ji2 
69.62 


2.0417 
2.0432 


69.632.0446 
59.642.0450 
69.662.0*53 
69J56|2.0456 
69.57  2.0458 
j^i7i20«0 

69.592.0462 
60.  02.0462 
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30  2487 
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2458 

!m4 
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TABLE  XIX. 
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COEKKCTION. 


H 


30 
401 


>'8  Horizontal  P&raUax. 


64' 


1012 


.13 


U.22 
11.13 
20|12.  fill.  5 
10.58 
10.51 


11.58 
1.60 


66' 


10.22 

10.14 

10.  6 

9.59 

9.51 


SV 


58' 


9.22 
9.14 
9.   6 

8.698.  0l7 
8.62 


8.23 
8.15 
8.  7 


7.63  6 


59M  eo' 


7.23:6.24 
7.15JG.16 
7.  76.  8 

1 


0:6. 

63:5.64 


61^ 
6.24 
5J6 
5.  8 
5.  1 
4.54 


Tablk  a. 
Proportional  part  for 
of  Parallax. 
Add. 

I.  0'']l"i2''3''4"5"6'' 


Seconds 


TABLE   XIX.      LOGARITHMS. 


MS 


54 


202810 
30 


65 


40  2688 


Apparent  Altitude  of  >*b  centre. 


o     Tfo     To"    ?~6     no     /o     /o     /o     /o     /|o     /o     /o     / 


7  3 


7  6 


0  2841 


2836  2831 


10 


2825 


4779 
2764 


2748 
2733 
2718 
2703 


50 

0 
10 
20 
SO 
40 
50 

0 
10 
20 
30 
40 
50 

0 
10 
20 
30 


2673  2669 


7  9 


7  12 


2321 

2805 

27942790 


2774 

2759 


2816 
2800 
2785 
2770 
2755 


2744 
2729 
2714 
2699 


2739 
2724 


2684  2679 


2664  2660 


2JJ27 
2812 
2796 
2781 
27G6 
2751 


2735 
2720 


2709  2705 


2694 


2690 
2675 


7  157  18 


7  21 


2823 
2808 
2792 
2777 
2762 
2747 


7  24 


2fll9 
2804 
2788 
2773 
2758 
2743 


2731  2727 


2716 
2701 
2636 
2671 
2656 


2712 
2697 
';682 
2667 
2663 


281 
800 

2784 


2769  2765 
275^2750 


2739 


2723  2719 


2649 


2811 
2796 
2780 


2735 


2708  27042700 


2693  2689 


2678 


2674 


2663  2659 


2645 


7  277  307  337  36 


2807  2803 
2791  2787 
2776,2772 

27612757 
2746  274! 
2731  2727 


2716 


2685 
2671 
2656 
2641 


2712 
2696 
2681 
2667 
2652 
2637 


2799 
2783 
2768 
2753 

2738 
2723 


2708 
2692 
2677 
2663 
2648 
2633 


2795 
2780 
2765 
2749 
2734 
2719 


2704 
2689 
2674 
2669 
2644 
2630 


Tablb  C. 

Cor.  for  Seconds 

of  Parallax. 

Add 


S. 


S. 


56 


67 


58 


2658 
2643 
2628 
2614 
2599 
2584 


2654  2649 


2639 
2624 
2610 
2695 
2580 


2635 


2645 
2631 


2620  2616 


606 
2591 

2576 


2602 
2587 
2572 


2641 
2627 
2612 
2598 
2583 
2568 


2638 
i623 
2608 
2594 
2579 
2564 


2634  2630 


2619 


2616 


2626 
2611 


2604  2600  2597 


2590  2586 
2575  2,571 
2560  2556 


2582 
2567 
2553 


2622 
2607 
2593 
2578 
2563 


2618 


2615 


2603  2600 


2589 
2574 
2559 


2549  2545 


2670 
3565 


2566 
2561 


25402536 


2526 
2512 
2497 


2522 
2508 
2493 


2562 
2547 
2532 
2518 
2504 
2489 


2558 
2543 
2528 
2514 
2.-^00 
2185 


2550 
2536 


2554 

2539 

252;  2521 

2510 

2i9G 

2481 


2542 
2527 


2506 
2492 
2478 


2546 
2531 
2517 

2503  2499 
2488  2184 


2538 
2524 


25132510 
2495 
2481 


2534  2530 

25202516 

2506 

2491 

2477 


2474  2470  2467 


250: 
2487 
2473 
2463  2459 


2586 
2671 
2666 
2542 

2627 
2613 
2499 
2484 
2470 
2456 


2483 


2479 


2469  2465 


2475 
2461 


2471 
2457 


245424502446  2442 


2440 
40  2426 
2412 


50 


2436 
2422 
2408 


2432 
2418 
2404 


2423 
2414 


246? 
2453 
2438 
2W4 
2410 


24002396 


2463 
2449 
2435 
2421 
2407 
2393 


2460  2456 
2445  2441 


2452 
2438 


2448 


2444 


2441 


2434  24302427 


2431 
2417 


2427 
2413 


2424  2420  2416 


2403  2399  2396 


2389 


2385 


2410 
2396 
2382 


2406 
2392 
2378 


2402 
2388 
2374 


2413 
2399 
2386 
2371 
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2394 
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|10 

io 

'30 
;40 
,dO 

60  0 
,10 
20 
SO 


238423802376 


2366 


2370 
2356 
23422338 


2362 


2362  2348 


2372 
2358 
2345 


23342331 


2328 


2324  2320 


2317 


2332 
2368 
2354 
23^(1 
2327 
2313 


2379 
2366 
2351 
2337 
2323 
2309 


2375  2371 


2361 
2347 


2367 


236JU2.'l64l 
2364 


234323402336 


2334  23302327 


2320  2316 
23062302 


2313 
2299 


23602357 
:i!360  2346:2343 
2332*2329 
23192316 
23Q5|2302 
2295  229 1 12288 


2323 
2309 


23142311 


2301 


2297 


22872283 


2307 
2293 


2303 
2290 


2273 


2270 


40  22602266 


50  2246 


2243  2239 


|61)  0 
jlO 

20 

bo 


2233 
2219 
2206 


22792276 


2266 
2262  2249 


2229 
2216 
2202 


2262 
2249 
2235 


2299 
2286 
2272 
2268 
2245 
2231 


2296 


2292  22892286 


228222792276  2272 


2268 
2265 
2241 
2228 


2266 
2251 
2238 


2261 
2248 


2268 
2246 


22342231 


222422212218 


22262222 
22122209 


2198 


21922189  2186  21^2 


2195 


2218 
2205 
2191 
2178 


2214 
2201 
2187 
2174  2171 


2277  2204  2200  2 


2211 
2198 
21842181 


2194 
2181 
2167 


2282 
2268 
22542260 


2241 
2227 


2278:2275 
2264^261 
2247 
22372234 
22232220 


2214221^2207 


196 
2187  2183 
21742170 


2191 
2178 
2164121602167 


2193 
2180 
2167 
2164 


0 
1 
2 

3 

4 
6 

.  6 
7 
8 

-9 


.^.v 


TABLE  XIX. 

CORRECTION. 
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>M|  54' 


r JO  11.58 

•*0'll.50 

50  11.4i 
J    0  11.37 

I0U.31|10.32 

20  11.26  10.26 


55' 


10.58 
10.51 
10.44 
10.38 


^f 


9.5y 
9.51 
9.45 
9.38 
9.52 


5V     58'  I  yj' 


52  7 


8.59 
8.52 
8.45 
8.39 
8.33 


9.26|8.27 


8.  07.  0 
.536.53 
7.4GG.4<) 
7.406 
7.3316.34 
7.2«i6.28 


40  5 


G(y    6V 


6.    1 


5.47 


1 


5.544.64 


Tablk  a. 
Proportional  pait  for  SecondB 
of  Parallax. 
Add. 


4.47 


.4l'4.41 
5.354.35 
5.294.30 


s.  o-'ii'^^^-.r 


4ij  ii)'Ji:i7 
5(1  yl  bI  7 


41  W 


3i!;k) 
itiJO 


|TBb.B 
ForM 

\of  alt. 
Add. 
M_IS 
"o" 


i413h;ii'io 

41  si  %\  U  0 


TABLE    ^IX.       LOGARITH1I8. 


6     7"o~7Tcr'"7'o     r"3     /to     /|0     To     7~o     TT5     TTo     7^     7 


7  39  7  42 


Apparent  Altitude  of  >  's  centre. 


7  457  487  51 


7  54.7  67 


8     ^^-l     3 


8     68     9 


8  12 
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7.11 
7.11 
7.11 
7.11 
7.11 
7.11 


6.13 
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5. 

6. 

6. 

5. 

i.l6 
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16 
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3.18 
3.18 
3.18 
3.18 
3.19 


Tablx  a. 
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of  Parallax. 

Add. 
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]of  alL 
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7    6 
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41 
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V 


31 
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9" 
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TABLE   XIX.      LOGARITHMS. 
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o4 


bj 
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58 


59 


60 
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Ap[)areiit  Altitude  of  )'s  centre. 


U  0 
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14  6!  14 10 
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1416114201426 
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"3,26112609 
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2470 
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2468 
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2221 
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2219 
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"1.54 
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40 

60 
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2438 
2424 
2410 
2396 
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2192 
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2165 
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2189 

2l!2fi 
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2607 
2493 
2478 
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2340 
2326 
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2272 
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2245 
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2218 
2204 


2191 
2178 
2164 
2161 
2138 
2125 
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2086 
2073 
2060 
2047 


2034 
2022 
2009 
1996 
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1970 


1958 
1946 


1920 
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2036 
2072 
2069 
2046 


2033 
2021 
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1996 
1982 
1969 


1967 
1944 


1933  1932 


1919 


24642463 
2460 


2436 

2422 
2408 


23942392  2391 


23802378 


2366 
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2338 
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2311 
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2266 
2243 
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2070 
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2032 
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1966 
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1930 
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2473 
2469 
2445 


2475 
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2282 
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21 
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2081 
2068 
2066 
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2030 
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2004 
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1978 
1966 


1963 
1940 
1928 


1430 


2419 
2406 


2377 
2363 


2349 
2336 


2308 
2294 
2280 


2267 
2263 


2268 
2264 
2241 
2227 
22142213 


2226 
2213 
2199 


2186 
2173 
2169 
2146 


2134  2133 
2120 


2431 
2417 
2403 
2389 
2376 
2361 


2347  2346 


233S 
2319 


2306  2304  2303 


22942292 
2278 


2266 
2261 


2224 
2211 
2197 


2184 
2171 
2167 
2144 
2131 
2118 


2107  2J06 
209312091 


2080 
2067 
2064 
2042 
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2003 
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1977 
1966 


1962 
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1927 
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2078 
2065 

2052 
2040 


2027 
014 
2001 
1988 
1976 
1963 


1950 
1937 
J926 


1435 


2486 
2471 
2467 
2443 


2429 
2416 
2401 
2387 
2373 
2369 


2331 
2317 


2290 
2276 


2263 
2249 
2236 
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2209 
219, 


2182 
2169 
2166 
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2129 
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2089 
2076 
2063 
2060 
2038 
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14401446 
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1460 


2513|26ll 
2499  2497 
24851248; 
24702468 
2466  2464 
2442  2440 


2428 


2426 


2414^412 
24002398 


2386 


2384 


237212370 
2368  2366 


2344 


2330  2328 


2316 


2289 
2276 


2262 
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2235 
2221 
2208 
2194 


2181 
2168 
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2424 
2410 
2396 

2382 
2368 


23542353 


2342 


2316 
2301 
2287 
2274 


2340 
2326 
2313 
2299 
2285 
2272 
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2233 
2219 
2206 
2193 


2179 
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2140 


2128  2126 
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2062 

2049 

2037 
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1986 
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1948 
1936 
1923 
1910 


2011 
1998 
1985 
1972 
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1947 
1934 
1922 
1^9 


2100 
2087 


2061 
2048 
2035 


2022 
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1997 
1984 
1971 
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1946 
1933 
1921 


1466 


2609 
2496 
2481 
2466 
2452 
2438 


2508 
2494 
2480 
2465 
2461 
2437 


2423 
2409 
2396 
2381 
2367 


2339 
2325 
2312 
2298 
2284 
2271 
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2137 
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1968 
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1906uiii 
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S. 


S. 
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13 

IS 

10 

9 
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3 
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6 
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3 
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9 
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1 
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8 

7 
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3 

S 
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16 
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10. 
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9.  7 
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9.  78.  9 
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9.11 
9.11 
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8.12 
8.13 
8.14 
8.15 
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7.11 
7.11 
7.12 
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7.13 


7.13 
7.14 
7.15 
7.15 
7.16 
7.17 


68'!  69' 


6.13!5.15 

6.1315.15 

6.13|5.16 

6.14'5.16 

6.14i5. 

6.1515.17 
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4. 
4. 
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6.165.19 
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eo'i  61' 
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3.22 


Table  A. 

Prop,  part  for  Sec.  of  Paral. 

Add. 
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30  28 
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4.21 

4.22 


3.23 

3.24 
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4.24 


3.26 
3.27 


57  fl 


47 
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50 
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62 
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54 


102492 
202478 
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21 
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50 


3    2 


49 


4140 
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Tab.  B. 

For  Mila 

of  ah. 

Add. 


M 


S 


Apparent  Altitude  of  >  's  centre. 


O      /  lO      /  o 

16  015101520 


0  250612503 


2463 
2449 
2435 


2421 
2407 
2393 
2379 
2365 
2361 
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2488 

247412471 
2460 
2446 
2432;: 


2457 
2443 


2429  2426 


2418 


2415 


24042401 
2390  2387 
2376!2373  2370 
2362|2369  2356 


2348|: 


2346 


1530 


2497 
2482 
2468 
2454 


2440  2437 


2412 
2398 


1540il560 


O   /  jC   /  jO 

16  01610,1620 


2494 


i491 


2479  2476 


2465 
2451 


2423 


2409 
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2367 
2363 
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247312471  i24o8 
2469'i24y7l.i454 


2434  2431 
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2378 
2364  236 
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2342  2339  2336 


2445't^442 
12428 


2417  2414  2411 


2403 
2389 
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2.S86 


2376  2372 
2358 


2347 


2333  233U 


2344 


2439 
2425 
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2465 
2461 
2436 
2422 
2408 
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2383 
2369 
2356 
2342 
2328 


1630 


24762474 
24622460 
24482446 
2434  2431 
2420|2417 
2-10612403 


2394 


2380  2378 


2366 
2352 
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16 
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2339  23362334 
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2347 
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Table  C. 

Cor.  for  Sec.  of  Par. 

Add. 


S.  Cor. 


S. 


13 
12 
10 
9 
7 
6 
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3 
S 
0 


Cor. 


66 


402282 
602269 


67 


2337 


233412331 


2323  232012317 
23102307123042301 


2296 


22932290  2287 


22792276 
22652262 


2328  232512322 

2314  2311 12308 

229812295 

22842281 

2270 


2273 
2259  2267 


2256 

2241 
2228 
2214  221 


2201 
2188 


2252|2249 
2238|2235 
2225|2222 
1|2208 
2108|2195 
2185,2182 


2246 
2232 
2219 
2205 
2192 
2179 


2243 
2230 
2216 
2203 
2190 
2176 


2319 
2306 
2292 
2278 


2316 


2314 


2302  2300 


2289 
2275 


2267 


2264  2251 


2264)2261 
2248 


2240  2237 


2227 
2213 
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2173 


2224 
2210 
2197 
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21 


2234 
2221 
2207 
2194 
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0  2167 
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2259 
2246 
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2297  2295 

2284 

2270 

2266 

2243 


2281 
2267 
2264 
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2251 
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2224 
2211 
2198 
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2167 


S. 


13 
12 
10 
9 
8 
6 
6 
3 
S 
1 


Cor. 


58 
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2161 
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2136 
2121 
2IO:j 
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2168  2155 


2165 


2163 


2145 
2132 
2119 
2106 


69 


2095 
2082 
2069 
2056 
2043 


2092 


2152  2160 


2160 
2147 


2167 


2154 


21442141 


2142 


2139 
21292126 


2137 
2123 


2116 
2103 


21132110 
2100  2097 


21342131 
21202117 


2107 
20942091 


2128 

2114 

2104  2101 


2088 


2152 
2139 
2126 
2112 
2099 
2086 


2149 
2136 
2123 


2147 
2134 
2121 


2110  2108 
2097  2094 
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2079 
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2063 
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50 

0t2017i20l5l2012 
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2041  2038 


20302028  2026  2022 
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2045 


20602047 


20362032 
2020 


2081  2078 
2068  2065 
2066|2062 
2042.2039 
2029  2026 
2017  2014 


2076 
2062 
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2036 
2023 
2011 


2073 
2060 
2047 
2034 
2021 
2009 


2071 


2068 


2068  2056 


2046 
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2019 
2006 


2042 
2030 
2017 


2066 
2053 
2040 
2027 
2014 


20042001 
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12 

10 

9 

8 

6 

6 

4 

S 

(  1 
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60 


61 


2005 
1992 
1979 
1966 
1964 


1941 
1928 
1916 
1903 


2002 
1989 
1977 
1964 
1961 


2009 
1996 


1999 
1986 
1974  1971 


2007 
1994 


1983  1981 
1969 


1961 
1948 


1968 
1946 


1966 
1943 
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1991 
1978 
1966 
1953 
1940 


2001 
1988 
1975 
1963 
1960 
1937 


1998 
1985 
1972 


1996 
1983 
1970 


960,1958 
194711946 


934 


1936 
1923 
191411911 
1901  1898 


1939 
1926 


1933 
1920 
1908 


1931 
1918 
1906 


18961893 


1928 
1915 
1903 
1890 


1925 
1912 


1922 
1909 


19001897 


1887 


1885 


1932 


1993 
1981 
1968 
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1942 
1930 


1991 
1979 
1966 
1953 
1940 
1928 


1920 
1907 
1896 
1883 


1915 
1906  1902 
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1880  187^  J^7^ 


1917 
1906 

1892 
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1976 
1963 
1960 
1937 
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2 

3 
4 

.6 
6 

7 
8 
9 

^^ 
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S 
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J 's  Flortzontal  ParttJIajs, 


le 


Ml    frl^l  &5' 
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10. 

10.13 

10,14 

10.16 

10.  IG 


li 
201 

m\ 

+0 

o|lO,lK 
10110,19 
2(^1 10.20 
30[l0.22 
-1010.23 

6o|io,e- 


UA4r 

9.1G 
17 

9. IS 

9-iy 


tm 


9. Si 
9.S2 
9  23 
9.S5 
9.*I6 
S 


56' 


J!.J7 

e. 

0.2U 
0.21 
8,23 


197 


R.S3 
8.25 

ass 

8.29 


bT 


bW  f  59' 


7.196.Sa 
7-20 
,21 
7.2,1 
7.24 
7.25 


C.23 
6.24 
6.2a 
6.27 
6. SB 


6.34 
5. 26 
5.37 
6.28 
5.29 
5.31 


7.2g 
7,29 
7,31 
7,32 


S.3t[7.M 


G.S9  5.3S 
6.3I|S*34 
6.32[5.35 

6.365.S9 
6.37|5.40 


tiO' 


4.27 
4.a8 
4.30 
4.31 

4.32 
4.34 


61' 


3.30 
3.31 

3.3? 

.34 

3.35 

3.37 


4,35  3.3B 
4.37*3,40 


4.3S 
4.40 

4.42 
4.4^* 


3.41 
3.43 
3,45 

3.47 


Table  A. 

Prop,  part  for  Sec.  of  Fnral, 

Add 


;0  37 


0" 


56 


.76 


F' 


55 

46  46  45 

36(35 

16 

17 

7 


ji5 


4746 


2ef7l6 


r'3//4/, 


54  53 


2037  36  35  34  33 


44  43 
34  33 


52 


^4;^ 


45aE4 


6" 


51 
42 

32 
2i 
Vd 
jt 
5l 
42 
32 
25  2! 


fl^' 


8" 


40, 3« 


F4*r  Milof 
AM. 


M 


£ 


M   3 
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Apj>aiT>Jt  Altitude  of  |'i  centif^. 


17    1710J17  20I 


1730^17401750 


18  013 10  1820*1830  I840fle50 
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Add. 


5,  iCor. 


n\  mm 

Jf>;2457 
'2(124-^.5 
3U::242f< 
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>S 


0  t.ihl 
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302345 
4<12J31 
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itj]  n.:jU3 
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2154|2452  2^4S 
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:23tl9|232rJ 
^31^2312 
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2457 
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2414 
^40n 
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2440 
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2452;2450 
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2420  2417 


1392 
2378 
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2375 


ri7|j237Si2370 
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2317 
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2366 


2346 
2333 
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:3n;l]':3U,)  2303  2301 


2342 
2329 
2315 


2354  235 


2340 
2326 
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3338 
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S310230& 


2197 


2iG4 
1350 
2336 
2 


2295 


a36 
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2334 

23£0 

S3(J6 

2S93 


13 
12 
10 

9 
7 
S 
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3 
£ 
0 
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2C.,-]22?;u!2J78 
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50J2155 
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:ifln2|77 
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2i8S 
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2127 
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um 

tail 
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2111 
£097 
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.(J 


n:2<tt>3  JO*vJ 
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1997 
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2CH17 
1994|l95l2 
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212^ 
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20r).j 
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-"'1969 
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1931 
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J  971 
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IM33 
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'22761.2274 
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2243 
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3isin| 

3 


Tah.& 

For  Milet 

of  alt 

A*ld. 

M 


II 


xM  S 


54 


55 


56 


67 


68 
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2443 
2428 
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2400 
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2441 
2427 
2412 
2398 
2384 
2370 


2345 
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2303 
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2276 
2262 
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2182 
2168 
2155 
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2091 
2078 
2065 
2052 
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2026 
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2343 
2329 
2315 
2301 
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2274 
2261 
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2233 
2220 
2207 
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2259 
2245 
2231 
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2180 
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2104  2102 
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1910 
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2023 
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2189 
2176 
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2073 
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2175 
2161 

2148 
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2417 
2403 
2389 
2375 
2361 


2349 
2335 


2308 


2347 
2333 
2319 
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2267 
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1983 

1970 
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1930 
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1867 
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1941 
1929 
1916 
1904 
1891 
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2016 
2003 
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2415 
2401 
2387 
2373 
2359 


2346 
2332 
2318 
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2291 
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2184 
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2091 
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2065 
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1889  1887 


1879  1877 
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1862 
1850 
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24132412 


2399 
2385 
2371 
2357 


2344 
2330 
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2234 
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2117 
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Eiqjlanaiion  cf  Tablt  A/X 
Thifi  table  consists  of  two  parts,  for  finding  a  cotrtOion  of  the  moon's  dislance  and  * 
logariOitn  corresponding:  they  are  both  in  the  same  page  from  the  bennning  of  Uie  table 
to  the  altitude  of  21  deerees,  after  which  the  correction  is  on  the  left  hand  page,  and  the 
logarithm  oo  the  right,  both  being  found  at  the  same  opening  of  the  book,  in  the  following 
manner. 

Tojind  the  correeHon  of  Tabk  XIX: 
.  1.  Enter  the  table  marked  Correetion,  and  find  in  the  side  column  the  moon's  apparent 
altitude,  or  the  altitude  next  less  if  there  be  any  units  of  miles  in  the  altitude ;  opposite  to 
this  and  Under  the  minutes  of  the  moon's  horizontal  partdlas  will  be  the  ^iproximate  oor- 
rection. 

2.  Enter  table  A,  abreast  of  the  approximate  correction,  and  find  the  seconds  of  dbe 
moon's  horisontal  parallax,  vis.  the  tens  of  seconds  at  the  side,  and  the  units  at  the  top, 
under  the  latter,  and  opposite  the  former  will  be  the  correction  of  table  A. 

3.  Enter  table  B,  abreast  of  the  approximate  correction,  and  find  the  units  of  miles  in  the 
moon's  apparent  altitude  (neglected  above)  opposite  to  which  will  be  a  number  of  seconds, 
which  being  added  to  the  corrections  found  from  table  XIX.  and  fipm  table  A,  will  give  the 
sought  correction. 

To  find  the  Logariihm  of  Table  XIX. 

Enter  the  table  marked  Logarithmt^  in  the  colunm  titled  at  the  top  with  the  degrees  and 
minutes  tveartd  to  the  moon's  apparent  altitude,  and  find  the  logarithm  corresponding  to 
the  moojp's  horizontal  parallax  in  the  side  column,  or  the  next  less  parallax  if  there  be 
units  of  seconds  in  it  Abreast  of  this  in  the  table  C,  opposite  the  units  of  seconds  of  pa- 
rallax neglected,  wiU  be  a  correction,  to  be  added  to  the  former  logarithm,  to  obtain  the 
logarithm  s€fught     * 

It  was  observed  in  a  former  part  of  thb  work  that  in  fixing  these  tables  so  as  to  render 
the  corrections  of  the  tables  A,  B,  C,  additive,  it  had  been  found  necessary  to  mdre  the 
greatest  corrections  correspond  to  (^  of  parallax  and  O'  of  altitude,  so  that  uhen  you  find 
the  exact  parallax  and  alimtde  in  the  ode  tmd  top  columns  of  table  XIX  U  will  siUi  be  ne- 
cessary to  refer  to  the  tablet  A,  B,  or  C,  to  take  out  the  eorrecHons  eorretponding  to  O'*  ofpanU- 
lax  orfy  ofaUihide,  This  is  evident  from  the  inspection  of  the  tables,  but  it  was  proper  to 
make  this  remark  as  a  caution  to  prevent  mistakes.  To  illustrate  these  rules,  the  toUowing 
examples  are  given,  in  which  all  the  corrections  are  put  down  and  added  toother,  but  after 
a  little  practice  it  will  be  very  easy  to  take  the  numoers  from  the  table  by  inspection,  and 
add  them  together  without  the  trouble  of  writing  them  down  separately. 
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2109  2106 


2162 
2149 
2135 


21242122 

2111 

2098 


2096 


2093 


2083 
2070 
2057 
2044 
2031 


1993 
1980 
1967 
1954 
1942 


1929 
1917 
1904 
1892 
1879 
1867 


1854 
1842 
1830 
1817 


2401 
2387 
2373 
2360 
2346 
2332 


2313 
2304  2302 


2399 
2386 
2371 
2367 


23442341 


2330 


2291 
2277 
2263 
2250 


2236 
2223 
2210 
2196 
2183 
2170 


2396 
2382 
2368 
2355 


2316  2313 


S288 
2276 
2261 
2248 


2299 
2286 
2272 
2258 
2246 


2234 
2221 


22072205 


2194 
2180 
2167 


2156  2164 
214312141 


2130 
2117 
2104 
2091 


20802078 
206712065 
2054'2052 
20412039 
2028p026 


2018  2015:2013 


2075 

206: 

2049 

2036 

2023 

2010 


2006  20031 


1990 
1977 
1964 
1952 
1939 


2000 
1987 
1975 
1962 
1949 
1937 


1926 


19141912 


1901 


1876 


1839 


1816 


1924 


1899 


1889  1887 


1874 


18641862 


1862  1860 


1837 


18271826 


1813 


2128 
2116 
2101 


1998 
1985 
1972 


1921 
1909 
1896 
1884 
1871 
1859 


1847 


1822 
1810 


23942391 


2327 


2380 
2366 
2352 
2339 
2326 


2311 

2297 
2284 
2270 
2266 
2243 


2231 
2218 


2191 

2178 
2165 


2151 
2138 
2126 
2112 
2099 


2088  2086 


2073 
2060 
2047 


2021 
2008 


1996 
1982 
1970 


1969  1957 

1947 

1934 


1919 
1907 


1846 


1834  1832 


1820 
1808 


2377 
2363 
235Q 
2336 
2322 


2308 
2294 
2281 
2267 
2253 
2240 


2229,2226 
22162213 
2203  2200 
21892186 
17612173 
2163;2160 


2149 
2136 
8123 
2110 
2097 
2084 


2071 
2068 
2045 


2034  2032 


2019 
2006 


1993 
1980 
1968 
1955 
1944ll942 
1932  1930 


1917 
1905 


1894  1892 
1882 
1869 
1857 


1867 
1855 


1843 


1818 
1806 


2146 
2133 
2120 
2107 
2094 
2081 


2068 
2055 
2042 
2029 
2016 
2003 


1991 
1978 
1965 
1953 
1940 
1927 


1916 

1902 

1890 

188011877 


1866 
1853 


1840 


18301828 


1816 
1803 


Table  C. 

Cor.  for  Seconds 

of  Parallax. 

Add. 


S.    Cor. 


S. 


s. 


S. 


12 
11 
9 
8 
6 
5 
4 
2 
1 
0 


Cor. 


12 

11 

9 

8 

7 
6 

4 
3 
1 
0 


Cor. 


12 
11 

9 
8 
7 
6 
4 
3 
2 
0 


Cor. 


12 
11 
10 
8 
7 
6 
6 
3 
S 
1 


Digitized  by  VjOOQIC 


106 


TABLE  XIX. 


COBRXCtlON. 


TbJ>.B 
ForM 
or  all 
Add, 


Ed      01 

<  ^ 


DM 

25  0 
■10 
20 
30 
40 
60 


y  *s  Horizontal  FarallaX- 


^ 


26 


27 


m 


11. 5S 
11.57 

IS.  0 
IS.  3 
13..   G 

tJ.   9 


Jjy 


10.5D 
11.  3 
II.  6 
II.  9 
11.12 
U.16 


56^ 


13|n 

16:11 
]9lll 


4411 


3ai2 


13  jy 

13.23 
13.27 

13.31 
40,13.35 


60^13.39 


13. 
13.   3 
13.   6 

LS.IC^ 
13 


C 

la.io 

IS. 14 

.18 
.22 


412 


IS. 26 
12,30 
12,34 

12.38 
12.43 
IS. 47 


10.  5 
10.  8 
10. U 
10.15 
10.13 
10.31 


57' 


10.  £5 
lO.SJB 
10.32 
10.35 
10.3!^ 
10.42 


iO.47 
10.51 
10.64 
10. 5i} 
tU  £ 
II.   5 


9.10 
9,14 
9,17 
9,20 
9.24 
9.27 


9.31 
S..H 
9.38 
9.41 
9.45 
9.49 


58'    159' 


8.1617.SS 
8.19|7.2,^ 


a, 23 
8.2fi 
8.30 
8.33 


9.53 
9.57 
10. 
10.  5 
10.  9 
10.12 


11.9  10. L6 
10.20 
10.24 
10.38 
10.32 
10.36 


10. .42 
10.46 
10.50 
10.54 
10.5a 
11.   3 


8.37 
S.4G 
8.44 
8.48 
8.51 
B.56 


9.  0 
9.  4 
9.  n 
9.11 
9.16 


[7.38 
7.32 
7.35 
7.39 


7.43 
7.47 
7.50 
7-64 
7.56 
8. 


27 


8. 
8.10 
8.14 
8. IS 
8. £2 


67 


9.19's.2t 


fl.30 
8.34 
8.39 
8.43 
S.47 
8.51 


e.57 
9.  1 
9.  5 
9.10 
9.14 
9.18 


60'  161' 


6.27 
6.31 

6.34 


5.33 
5.3(i 
5,40 


6. 38(5, '44 


6.41 


6.453.6 


6.49 
6.53 
6.56 
7.  0 
7.  4 
8 


6.^t 

3.59i 
6.  3 
6.  7 
6.11 
6.15 


.13 
7.17 
7.21 

7.25 
7. £9 
7.33 


7.59 


5.47 


6.30 
6.34 
6.2H 
6.32 
6.36 
6.40 


6.44 
GAi) 

6.57 


7.647.  2 


7.  6 


47.12 
87.16 
137.21 
17|7.3o 
227.30 
2fi!7.34 


Tabl*  A. 


f  roportionttl  mii  for  Seconds 
of  Pwdlw. 


Add. 


T 


30  35 


0'^ 


V* 


2^^|3'^ 


F4'^:y^ 


51J50 
4241 

3333 
24i3 
I5I14 

6,'  6 


42  4 


35  34;^3  32 


2(M4! 

WIG, 
50|  l\ 


34  23 
15:14 

IS 
50k9 


51 

42 
34 
S5 

"s 

7 
50 
41 

2i  -,i 
Ijjri 

7I  6 


48|4B 
40j39 
31  30 


23  22 
14:13 

5    4 


49;48 
4140 
33|3I 
23 


15(14 
j|_5 
4gl48 
4140 
31 


22 
13 
_6 

4Sj47|46i45 

39 

30 

22  51 
1413, 
5[  4| 


B'^9' 


46  45 
36 

33;27 
IS 


4746 


443  45 
37,36 
28127 

9  18 
10 

1 


9 

45  44 

36i3o 

7;s6 

I3|n 

9    9 
I    0 


45,44 
36  35) 

7 
19 
10 

1 


26 

18 
9 

_? 
44  43 
35  34 


M  S 


XXAMPLE  I. 


Given  the  moon's  tpparent  alUtude  44^  27',  and  her  horizontal  parallax  56^  S&*,    Required  the 
eorrection  and  loraritnni  ? 


Fwr  the  Correction. 
In  Tab.  xix.  to  alt.  44^  SO'  and  par.  ^  is  19'  54^' 
. .  Tab.  A.  55^'  parallax  .3 
. .  Tab.  B.  1'  altitude  .         .         ^ 6_ 

SO'  2"J 


Sought  correction 


FcfT  the  Ijogwriihm. 
In  Tab.xix.to  nearest  ahiiAo  and  par.56'50''  20B8 
.  Tab.  C.  5"  parallax        .  .  ^ 

Sought  logarithm         .  2095 


EXAMPLE   u. 


Given  the  moon's  lEpparent  altitude  50^  W^  and  horizontal  parallax  59^  0".    Required  the 
rection  and  logarithm  ^ 

For  the  Correction. 
[n  Tab.  xix.  to  alt  50^  lO'  and  par.  69^  is 
..  Tab.  A.  0"  parallax 
. .  Tab.  B.  &  altitude 


Sought  correctioii 


22'  3" 
38 
4 

22/46" 


For  the  Logarithm. 
In  Tab.  xix.  to  alt.  50^  and  par.  59'  0" 
Tab.  CO" parallax 
Sought  logarithm  .        .        .      |9S5 


19U 


Given  the  moon's  topaaeBt  alti|iide  28^ 
rection  and  logarithm  f 

For  the  Correction. 
(n  Tab.  xix.  to  alt.  28^  SC  and  pw.  54' is 
..Tab.  AlC'paraUax 
..Tab.  B.  7'ahitude 
naught  coiTectioii 


BXAMPLX  til. 

S7'|  and  hori»oota]  parallax  64^  10".    Required  toe  c 

J  FortheJjogarUkm. 

ly  3"lTabjcix.tonearestaltJ^o%'andpari»4'10"iaM 
43  iTable  C.  0"  parallax  .  _M 

Ij        Sought  bgarithm  S966 


DiqiTig^^  I?' 


GooqIc 


^ 


TABLE  XIX. 

LOGARITHMS. 


10 


'33 -a 


M 

54 


Ob 


j6 


37 


58 


5S 


60 


61 


Apparent  AUItude  of  >  's  cetitre. 


0  2590115  40|26  0 


2389 
2361 


£373, 

asss 


34713*6  2343 


2334 
2320  231 


2306  2304 


229^ 
•279 
aC3 
2251 
2e33 


2290 
2277 
22C3 
2249 

22JCi 


'>U4 

2  IDC 
J  Si 

2171 
158 


2222 
*2CilP 
2196 

n&t 

2J69 
36 


2066^064 
2053^051 


Lil 

1 L  k: 

210:> 

2fJ79 


£040 
2027 
403014 

2001 

it*a9 

1976 
1963 
1931 
1933 
1935 


1913 

1900 
1388 
1875 
1863 


501331 


1838 
1826 
1814' 
1801 


2387  23B4 


S332 


2371 
S337 


2329 
^315 


^i30L 
2288 
2274 

n 


.0  f 


5640 


231 
3G9 
233S 
2341 

:327 
313 


2^jy9 
2286 
J272 
1:259 
22|j 


0|J 

220 

19J 

180 

2167 

2153 


2!^|;- 
-Zi)b 
219J 
2178 
2i65 
2151 


^2367 
S3S3 
S33& 
232^ 
231 1 


2140 
127 


2138 
2125 


n42 
2129 

iJll(;31l4|2n2 
2Nk;  ilOl  2iJ9!J 
2090  HUAl  3086 
2077  2073  2f>7:J 


i297 
2204 
227U 

'^2-j7 
224J 
22:10 
22J6 
220,1 
31fl9 

216S 

2149 


237BS376 
:3S4|S36! 
23il 
533rr 
2323 

2:M>y 


2293 

22^ri 

2U 


2038 
023 


2002 
2049 
:03c 


2136 
212a 
2110 
2097 
20B4 
2071 


2060 
2047 
2034 


2  Oi  a  1 2056 
3045  2043' 


2023|:202l 


20l2|20J0;200a 


yL^9|l997 
J9S7  1985 


1974 
961 
949 
936 

1923 


911 
898 
886 
873 
1361 
l&iS 


1972 
1939 
1947 
1934 
192 


1995 

i:j70 

1957 
1945 
1932 
VJVJ 


1909  1907 
1396  J 894 
1@84I88 


1371 

859 

l|*7 


869 
1857 
1B45 


lS36IS34  1S:i2 
|Ji24l822lK20 
1B12  1810:I803 
1799  179u'l79€ 


^201 
2137 
2174 
2161 
2147 


2134 
2121 
2108 


m2 


0j2730|2e  0|««  50.29  0 


1349 
S335 
£321 

2307 


2293 
2h(p 
226G 
2233 
2239 
22i26 


142212 


!199 
!185 
!172 
!I59 


2374 

i360 
33461 


237|,23fi] 
2357  " 
2343  i34l 


£33St3i9ISSlS3l4 


X31S2315 


2304 


2291 
2277 
2264 
2250 
236 
22211 


288 
2274 
2261 
2247 
2233 
2220 


2210 
2196 
2183 
2170 
2156 


2146  2143 


22"7 
2193 
2160 
2167 
2153 
2140 


2132^213^1 
2119  2117 
2IO63SIO4 


2127 
2114 


209520930091 


2080[2078 


0G9  2067  2063 


2032 
2019 
20CKi 
1993 


1981 
I96i; 
1955 
1943 
I93<) 
1917 


2030 
2017 
2005 
1992 


2054.2052 
20412039 
20284026 
2015  2013 
20O3j2O0O 
9901 1 9S7 


t97y 
1966 

1L>41 
1928 
1916 


19051903 
1892  1891 


1867 
1855 


1878 
1866 


la43  1^541 


197711975 
19641962 
1952 J949 
1939:1937 


1926 


19141912 


1901 
1389 
1376 


18541852, 
839 


la30lH29?1827 
l.'JI8  iei7|l813 
IB06  1803  1803 
1794,179211790 


1924 


1899 
1387 
1874 


864  1862 


1849 
1837 


2930 


8^5 


2301 


21012099 


2088 
2075 
2062 


2049 
2036 

2083 
2010 
1997 
1934 


1972 
1959 
1946 
1934 
1921 
1909 


1896 
1884 
1871 
1859 
1846 
183* 


1823  1822 
I813rielU 
1800  1797 
17881785 


2354  2551 
S338 


2313 

2299 


2286 
2272 
2258 
2243 
2231 
221 B 


22U5 
2191 
217B 
2165 
2151 
2138 


2123 


2086 
2U73 
2059 


2046 
2033 
2020 
2007 
1994 
1982 


1969 
1956 
1944 
1931 
191R 
1906 


18y3 
1881 
1869 
1856 
1844 
1832 


1819 
1807 
1795 

1783; 


2302 
2343 
2333 
2321 


2310)1307 


2296 


2293 


2283 
2269 
2253 
2242 
2228 
£215 


2202 
2188 
2175 
2162 
214U 
2135 


2122 
2109 
2096 

2Uii3 
2070 
2057 


Cor.  for  Seconds 

of  Pnmll&i. 

Add- 

S.  jCor. 


22»0 
2266 
S253 
2239 
2226 
2213 


2199 
2135 
217^ 
2159 
2146 
2132 


2119 
2106 
2093 
20K0 
2067 
2054 


2044 
2031 
201a 
2005 
1992 


^2041 
2028 
2015 
2003 
1990 


19S0  1977 


1967  1964 


1954 
1942 
1929 
1916 
1904 


1891 
1879 


1854 


1830 


1817 
1805 
1793 
1781 


1952 
1939 
1927 
1914 
1902 


1889 
1877 


067  1864 


1832 


1842  1839 


1827 


1815 
1803 
1791 
1778 


0 
1 

3 
4 

5 
G 

7 
3 
9 


12 
11 
9 
8 
6 
5 
4 
^ 
1 
0 

Cor 


0 
1 

2 
3 
4 

5 
6 
7 
8 
9 

0 
1 

3 
4 
5 
6 
7 
S 
9 


12 
11 

9 

a 
7 
5 
4 
3 
1 
0 

Cor. 

^}%" 

11 

9 

8 

7 

6 

4 

3 

2 

0 

Cor 

12 
11 
10 

7 
6 

5 
3 
2 
1 
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TABLE  XIX. 

CORRECTION. 


4  0 

0 
20 
30 
40 
50 


jf  's  Horizontal  Parallnii 


54' 


13.43 
13.47 
13.51 
13.55 
13.59 
14.   3 


14.  9 
14.13 
14.17 
14.21 
14.26 
14.30 


14.35 
14.39 
14.43 
14.48 
14.52 
14.67 


15.  2 
15.  7 
15.12 
15. IG 
15.21 
15.26 


15. 

15.35 

15.40 

15.45 

15.50 

15.55 


16.  0 
16.  5 
16.10 
16.15 
16.20 
0  16.25 


55^    I  5r.' 


12.51 
12.55 
12.69 
13.  3 
13.  8 
13.12 


13.17 
13.22 
13.26 
13.30 
13.35 
13.39 


13.44 
13.48 
13.53 
13.67 
14.  2 
14.  7 


14.12 
14.17 
14.22 
14.26 
14.31 
14.36 


14.41 
14.46 
14.50 
14.55 

15.  0 

16.  5 


16.11 
16.16 
15.21 
16.26 
16.32 
15.37 


11.59 
12.  3 
12.  7 
12.12 
12.16 
12.20 


12.26 
12.30 
12.35 
12.39 
12.44 
12.48 


12.55 
12.57 
1^  2 
13.  7 
13.11 
13.16 


13.22 
13.27 
13.31 
13.36 
13.41 
13.46 


13.51 
13.56 
14.  1 
14.  6 
14.11 
14.16 


14.22 
14.27 
14.32 
14.38 
14.43 
14.48 


67'       58- 


.34 
.39 
.43 
.48 
.53 


10.15 
10.19 
10.24 
10.29 
10.33 
10.37 


11 
U 
11 
11 
11 
11.57  11.   6 


10.43 
ia.47 
10.52 
10.67 
11.  2 


12.  2 
12.  7 
12.11 
12.16 
12.21 
12.26 


12.31 
12.36 
12. « 
12.46 
12.51 
12.66 


13.  1  12. 
13.  6  12. 
13.11  12, 


11.11 
11.16 
11.21 
11.25 
11.30 
11.35 


11.41 
11.46 
11.61 
11.66 
12.  1 
12.  6 


13.16 
13.22 
13.27 


13  33 
13.38 
13.43 
13.49 
13.54 
13.59 


.4411 


GO- 
3^    8.31 


G.35 
B.40 
a. 45 
B.49 
S.54 


.j1'  9.  *> 
:s\  B.  5 
V'  9.10 
Gj  LM4 
10  9.19 
15    9.24 


&.34 
9.39 
9.44 
9.49 
9.r>4 


,51 

1 
6 

n 
\i 

■'7KK:i7; 
i'2|10.i3 


10.  1 
10.  6 
10.11 
10.16 
10.21 
10,27 


10,48 
10,54 
10.59 


11.11 


Gll.r 


11,^2 

ij.:::; 

11.33 


61' 


7.39 
7.44 
7.48 
7.53 
7.58 
a.   3 


8.  y 
8.13 
S.IB 
8.*3 

8.ft3 


S,38 
S.43 
8.48 
fj.64 
8.59 
9.   4 


9.1U 
9.15 
9.21 
9.26 
9.31 
9.37 


y,42 
9.4B 
9.53 
9.59! 
10,  4 
(D.IO 


lO.lft 
10.22 
10, 2S 
[0.33 
10.39 
10.45 


,     T.&BLE  A.  I 

Proportional  part  for  Seconds! 

of  PardllH^ 
Add. 


TabB 
ForM 

AM. 


S.O^ 


051 
42 


4016 

30 


50;4t» 


£4.24 


V  T' ^''Uff  &'f  e'' V  8'W' 


49 


484847 


41 40  39  3S 


16  15 
7    6 


3130 

23  23 


4S47  47 


423 


133 


IB 


15 
6 

4i 
40 
32 
23  23 


3130 

S2 


J4 


6    6    5 


3i?3a 

31  30|f9 

23  21 


47(47 
39 
31 
22 
U 
5 


46 
37 
29 
20 

lii 


45 


3  S 


«|45 
38  37|.16 
30  29  28 
21  £020 
1312111 
4i  4 


44 


19 
12.11 


4.lk2l 
35134 


26 


444s 


IBll 

0    9 

_I    ( 

424 
34^35 


43 


42 


1?1 
10 


m 


4f 


36  36  A4  3S 
27  561^ 


42 
34 
2616 


4141 
33  33 


1716 


EXAMPLE   IV. 


Given  the  mooo's  apparent  altitude  76^  3&  and  her  horisontal  parallax  66^  18<^    Requkcd  the 
correction  and  logarithm  ? 

jror  tlu  Correctimi. 
In  Tah.  xix.  to  alt.  76^  SO'  and  par.  56'  is  46'  S7'' 


. .  Tab. 
..Tab.] 


18''  i>arallax 
.  6'  altitude 


Sou^^ht  CQFreciion 


10 

^ 6^ 

46' 53" 


For  the  l/^ariikm. 
In  Tab.  xix.  to  nearest  alt.  77^  and  par.  66^  IC'SUO 
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2664 

2621 

2478 

.44 

45 

2974 

2927 

2880 

2833 

2787 

2741 

2696 

2652 

2607 

2664 

2520 

2477 

46 

46 

2973 

2926 

2879 

2832 

2786 

2741 

2695 

2651 

2607 

2663 

2620 

2477 

46 

47 

2973 

2925 

2878 

2831 

2785 

2740 

2695 

2650 

2606 

2662 

2619 

2476 

47 

48 

2972 

2924 

2877 

2831 

2785 

2739 

2694 

2649 

2605 

2661 

2618 

2476 

48 

49 

2971 

2924 

2876 

2830 

2784 

2738 

2693 

2649 

2604 

2661 

2617 

2476 

49 

50 

2970 

2923 

2876 

2829 

2783 

2738 

2692 

2648 

2604 

2560 

2517 

2474 

""^ 

51 

2969 

2922 

2875 

2828 

2782 

2737 

2692 

2647 

2603 

2559 

2516 

2473 

61 

52 

2969 

2921 

2874 

2828 

2782 

2736 

2691 

2646 

2602 

2559 

2516 

2472 

52 

55' 

2968 

2920 

2873 

2827 

2781 

2735 

2690 

2646 

2601 

2558 

2615 

247? 

53 

64 

2967 

2920 

2873 

2826 

2780 

2735 

2689 

2646 

2601 

2557 

2614 

2471 

64 

55 

2966 

2919 

2872 

2825 

2779 

2734 

2689 

2644 

2600 

2666 

2513 

2470 

65 

56 

2965 

2918 

2871 

2825 

2779 

2733 

2688 

2643 

2599 

2556 

2612 

2470 

66 

57 

2965 

2917 

2870 

2824 

2778 

2732 

2687 

2643 

2599 

2556 

2512 

2469 

57 

58 

2964 

2916 

2869 

2823 

2777 

2732 

2687 

2642 

2598 

256d 

2511 

2468 

68 

59 

2963 

2916 

2869 

2822 

2776 

2731 

2686 

2641 

2597 

2653 

2510 

2467 

59 

S. 

10  3W 

10  3V 

10  32' 

10  33'| 

1034' 

1035' 

1036/ 

1^37^ 

10  38' 

1039/ 

10  40/^10  41/ 

S. 

^^.v 
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TABLE  XXII. 

PROPORTIONAI4  LOGABITHICS. 

S. 

hm 

hm 

hm 

h  m 

h  m 

h  m 

fa  m 

h  m 

h  m 

h  m 

hm 

h  m 

c  * 

1042/ 

1043' 

1044/ 

1045' 

\^W 

1047/ 

1<^48' 

1049' 

1*^50' 

F51' 

1"52' 

1053' 

S. 

0 

24671  2424 

2382 

2341 

2;i00 

22;)9 

2218 

2173 

2)39 

2099 

2061 

2022 

0 

1 

2466 

2424 

2382 

2840 

2299 

2258 

2218 

2178  2188 

2099 

2060 

2021 

1 

2 

2465 

2423 

2381 

2339 

2298 

2268 

2217 

2177  2137 

2098 

2059 

2021 

2 

3 

2465 

2422 

2380 

2339 

2298 

22,7 

2216 

2176  2137 

2098 

2059 

2020 

3 

4 

2464 

2422 

23:JC 

2338 

2297 

22^6 

2216 

2176  2136 

2097 

2058 

2019 

4 

6 

2463 

2421 

2379 

2a.n 

2296 

22J6 

2215 

2175  2136 

2096 

2057 

2019 

6 

6 

2462 

S!420 

.2378 

2337 

2296 

2200 

2214 

2174  2136 
2174  2134 
2173  2134 

2096 

2057 

2018 

6 

7 

2462 

2419 

2378 

2;>y6 

229c 

2254 

2214 

2095 

2056 

2017 

7 

8 

2461 

2419 

2377 

tS'M* 

2294 

2253 

2213 

2094 

2055 

2017 

8 

9 

2460 

241 S 

2376 

23.)o 

229  r 

2253 

2212 

21721  2133 

2094 

2055 

2016 

9 

10 

2460 

2417 

2375 

2d*>4 

2^293 

2252 

2212 

2172 

2132 

2093 

2004 

2016 

10 

U 

2459 

2417 

2375 

2333 

2292 

2251 

2211 

2171 

2132 

2092 

2053 

2015 

11 

12 

2468 

2416 

2374 

23J3 

2291 

22j1 

2210 

2170 

2131 

2092 

2053 

2014 

12 

18 

2458 

2415 

2373 

2:J3ii 

2291 

2250 

2210 

2170 

2130 

2091 

2052 

2014 

13 

14 

2457 

2415 

2373 

2331 

2290 

2249 

2209 

2169 

2130 

2090 

2062 

2013 

14 

15 

2456 

2414 

2372 

2331 

22u9 

i;249 

2208 

2169 

2129 

2090 

2U51 

2012 

15 

16 

2455 

2413 

2371 

2330 

22.-)9 

2248 

2208 

2168 

2128 

2089 

2050 

2012 

16 

17 

2455 

2412 

2371 

2329 

228b' 

2247 

2207 

2167 

2128 
2127 

2088 

2050 

2011 

17 

18 

2454 

2412 

2370 

2328 

2287 

2247 

2206 

2167 

2088 

2049 

2010 

18 

19 

24.>3 

2411 

2369 

2828 

2287 

2246 

2206 

2166 

2126 

2037 

204i 

2010 

19 

20 

2453 

2410 

2368 

2327 

2286 

2245 

2205 

2165 

2126 

2086 

2048 

2009 

2l> 

21 

2452 

2410 

2368 

2326 

2285 

2245 

2204 

2165 

2125 

2086 

2047 

2009 

21 

22 

2451 

2409 

2367 

2326 

2285 

2244 

2204 

2164 

2124 

2086 

2046 

2008 

22 

23 

2450 

2408 

2366 

2826 

2284 

2243 

2203 

2168 

2124 

2085 

2046 

2007 

23 

24 

2460 

2408 

2366 

2324 

2283 

2243 

2202 

2163 

2123 

2084 

2045 

2007 

24 

26 

2449 

2407 

236ft 

2824 

2283 

2242 

2202 

2162 

2122 

2083 

2044 

2006 

25 

26 

2448 

2406 

2864 

2323 

2232 

2241 

2201 

2161 

2122 

2083 

2044 

2005 

26 

27 

2448 

2405 

2364 

2322 

2281 

2241 

2200 

2161 

2121 

2082 

2043 

S005 

27 

28 

2447 

2405 

2363 

2322 

2281 

2240 

2200 

2160 

2120 

2081 

2042 

2004 

28 

29 

2446 

2404 

2362 

2321 

2280 

2239 

2199 

2159 

2120 

2081 

2042 

2003 

29 

30 

2445 

2403 

2362 

2320 

2279 

2239 

2198 

2169 

2119 

2080 

2041 

2003 

30 

31 

2445 

2403 

2861 

2320 

2279 

22J8 

2198 

2158 

2118 

2079 

2041 

2002 

31 

32 

2444 

2402 

2360 

2319 

2278 

2237 

2197 

2157 

2118 

2079 

2040 

2001 

32 

33 

2443 

2401 

2359 

2318 

2277 

2237 

2196 

2157 

2117 

2078 

2039 

2001 

33 

34 

2443 

2401 

2859 

2317 

2277 

2236 

2196 

2156 

2116 

2077 

2039 

SOOO 

34 

35 

2442 

2400 

2858 

2317 

2276 

2235 

2195 

2155 

2116 

2077 

2038 

2000 

35 

36 

2441 

2399 

2357 

2816 

2275 

2235 

2194 

2155 

2115 

2076 

2037 

1999 

36 

37 

2441 

2398 

2857 

2315 

2274 

2234 

2194 

2154 

2115 

2075 

2037 

1998 

37 

88 

2440 

2398 

2856 

2315 

2274 

2233 

2193 

2158 

2114 

2075 

2036 

1998 

88 

89 

2439 

2897 

2865 

2314 

2273 

2233 

2192 

2153 

2113 

2074 

2035 

1997 

39 

40 

2438 

2396 

2355 

2313 

2272 

2232 

2192 

2162 

2113 

2073 

2035 

1996 

40 

41 

2438 

2396 

2854 

2813 

2272 

2231 

2191 

2151 

2112 

2073 

2034 

1996 

41 

42 

2437 

2395 

2353 

2812 

2271 

2221 

2190 

2151 

2111 

2072 

2088 

1995 

42 

43 

2436 

2394 

2853 

2311 

2270 

2230 

2190 

2150 

2111 

2072 

2033 

1994 

43 

44 

2436 

2894 

2852 

2311 

2270 

2229 

2189 

2149 

2110 

2071 

2032 

1994 

44 

45 

2435 

23^3 

2351 

2310 

2269 

2229 

2188 

2149 

2109 

2070 

2032 

1993 

45 

46 

2434 

2392 

2850 

2309 

2268 

2228 

2188 

2148 

2109 

2070 

2031 

1993 

46 

47 

2433 

2391 

2350 

2309 

2268 

2227 

2187 

2147 

2108 

2069 

2030 

1992 

47 

43 

2433 

2391 

2349 

230:1 

2267 

2227 

2186 

2147 

2107 

2068 

2080 

1991 

48 

49 

2432 

2390 

2348 

2307 

2266 

2226 

»86 

2146 

2107 

2068 

2029 

1991 

49 

50 

2431 

2339 

2348 

2307 

22661  2225 

2185 

2145 

2106 

2067 

2028 

1990 

50 

51 

2431 

2389 

2347 

2306 

2265!  2225 

2184 

2145 

2106 

2066 

2028 

1989 

51 

52 

2430 

2388 

2346 

2305 

2264  2224 

2184 

2144 

2105 

2066 

2027 

1989 

62 

53 

2429 

23H7 

2846 

2304 

2264  2228 

2183 

2143 

2104 

2066 

2026 

1988 

63 

54 

2429 

23*J7 

2345 

2304 

2263  2223 

2182 

2143 

2103 

2064 

2026 

1987 

54 

55 

2428 

23»6 

2314 

2303 

2262  2222 

2182 

2142 

2103 

2064 

2026 

1987 

55 

. 

66 

2427 

2385 

2344 

2302 

2262  2221 

2181 

2141 

2102 

2068 

2025 

1986 

56 

57 

2426 

2384 

2;jJ.3 

2302 

2261  2220 

2180 

2141 

2101 

2062 

2024 

1986 

67 

58 

2426 

2384 

2J1.2 

2301 

2260  2220 

2180 

2140 

2101 

2062 

2023 

1935 

58 

59 

2425J  2383 

23-12 

2300 

2260  2219 

2179 

2139 

2100 

2061 

2023 

1984 

S9 

S. 

1042'!  10  43' 

1044/ 

1045/ 

104^11047/ 

1^48' 

1°  49' JO  SCI 

l^5V\l°&y 

10  bS^ 

s. 
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PKOrOKTlONAL  LOOABITHMt. 

• 

8. 

km 

km 

h  m  1  b  m  1 

b  m 

b  m  b  m 

km 

km  hmlkml 

S. 

1^54' 

i^bdi 

i0  56',l'^57'| 

1^58' 

H 59^20  C 

go  1/ 

JO  2/ 

20  3/,20  4f 

0 

19841 

19461 

1908 

1871 

18341 

1797  1761 

1725 

1689 

I654I  1619 

0 

1 

1983 

1945 

1908 

1870 

1833 

1797 

1760 

1724 

1689 

1653 

1618 

1 

2 

1982 

1944 

1907 

1870 

1833 

1796 

1760 

1724 

1688 

1652 

1617 

2 

3 

1982 

1944 

1906 

1869 

1832 

1795 

1759 

1723 

1687 

1652 

1617 

3 

4 

1981 

1943 

1906 

1868 

1831 

1795 

1759 

1722 

1687 

1651 

1616 

4 

6 

1981 

1943 

1905 

1868 

1831 

1794 

1758 

17ii2 

1686 

1651 

1616 

6 

6 

1980 

1942 

1904 

1867 

1830 

1794 

1757 

1721 

1686 

1660 

1616 

6 

7 

1979 

1941 

1904 

1867 

1830 

1793 

1757 

1721 

1685 

1660 

1614 

7 

8 

1979 

1941 

1903 

1866 

1829 

1792 

1756 

1720 

1684  16491 

1614 

8 

9 

1978 

1940 

1903 

1866 

1828 

1792 

1755 

1719 

1684 

1648 

1613 

9 

10 

1977 

1939 

1902 

1865 

1828 

1791 

1755 

1719 

1683 

16*48 

1613 

10 

11 

1977 

1939 

1901 

1864 

1827 

1791 

1754 

1718 

1683 

1647 

1612 

11 

12 

1976 

1938 

1901 

1863 

1827 

1790 

1754 

1718 

1682 

1647 

1612 

12 

13 

1975 

1938 

1900 

1863 

1826 

1789 

1753 

1717 

1681 

1646 

1611 

13 

14 

1976 

1937 

1899 

1862 

1826 

1789 

1752 

1717 

1681 

1646 

1610 

14 

15 

1974 

1936 

1899 

1862 

1825 

1788 

1752 

1716 

1680 

1645 

1610 

15 

16 

1974 

1936 

1898 

1861 

1824 

1788 

1751 

1716 

1680 

1644 

1609 

16 

17 

1973 

1936 

1898 

1860 

1823 

1787 

1751 

1716 

1679 

1644 

1609 

17 

18 

1972 

1934 

1897 

1860 

1823 

1786 

1750 

1714 

1678 

1643 

1608 

18 

19 

1972 

1934 

1896 

1859 

1822 

1786 

1749 

1714 

1678 

1643 

1607 

19 

SO 

1971 

1933 

1896 

1859 

1822 

1785 

1749 

1713 

1677 

1642 

1607 

20 

21 

1970 

1933 

1896 

1858 

1821 

1785 

1748 

1712 

1677 

1641 

1606 

21 

22 

1970 

1932 

1894 

1857 

1820 

1784 

1748 

1712 

1676 

1641 

1606 

22 

23 

1969 

1931 

1894 

1857 

1820 

1783 

1747 

1711 

1676 

1640 

1606 

23 

24 

1968 

1931 

1893 

1856 

1819 

1783 

1746 

1711 

1676 

1640 

1605 

24 

25 

1968 

1930 

1893 

IHoo 

1819 

1782 

1746 

1710 

1«74 

1639 

1604 

26 

26 

1967 

1929 

1892 

1855 

1818 

1781 

1745 

1709 

1674 

1638 

1603 

26 

27 

1967 

1929 

1891 

1854 

1817 

1781 

1745 

noa 

1673 

1638 

1603 

27 

28 

1966 

1928 

1891 

1854 

1817 

1780 

1744 

i7oa 

1673 

1637 

1602 

28 

29 

1965 

1928 

1890 

18;>3 

1816 

1780 

1743 

1708 

1672 

1637 

1602 

29 

30 

1965 

1927 

1889 

18J2 

1816 

1779 

174.1 

1707 

1671 

1636 

1601 

30 

31 

19G4 

1926 

1889 

1852 

1815 

1778 

174'2 

170(j 

1671 

1635 

1600 

31 

32 

1963 

1926 

i88d 

1851 

1814 

1778 

1742 

not) 

1670 

1635 

1600 

32 

33 

1963 

1925 

1888 

1850 

1814 

1777 

1741 

170fi 

1670 

1634 

1^99 

33 

34 

1962 

1924 

1887 

1850 

1813 

1777 

1740 

170j 

1669 

1634 

1599 

34 

35 

1962 

1924 

1886 

1849 

1812 

1776 

1740 

170^1 

1668 

1633 

1598 

35 

36 

1961 

1923 

1886 

1849 

1812 

1775 

1739 

170;i 

1668 

1C33 

1598 

36 

37 

1960 

1923 

1885 

1848 

1811 

1775 

1789 

1703 

1667 

1632 

1597 

37 

38 

I960 

1942 

1884 

1847 

1811 

1774 

1738 

1701 

1667 

1631 

1596 

38 

39 

1959 

1921 

1884 

1847 

1810 

1774 

1737 

1702 

16(>6 

16:^1 

1596 

39 

40 

1958 

1921 

1883 

1846 

1809 

177a 

1737 

1701 

1665 

1630 

1595 

40 

41 

1958 

1920 

1883 

1846 

1809 

1772 

173t; 

not 

)    1665 

1630 

1595 

41 

42 

1957 

1919 

1882 

1845 

1808 

1772 

173() 

170C 

\   1664 

1629 

1691 

42 

43 

1956 

1919 

1881 

1844 

1808 

1771 

1735 

169i 

)  1664 

1628 

1693 

43 

44 

1956 

1918 

1881 

1844 

1807 

1771 

1734 

169S 

)    1663 

1628 

1593 

44 

45 

1965 

1918 

1880 

1843 

1806 

1770 

1734 

1691 

\    1663 

1627 

1592 

45 

46 

1955 

1917 

1880 

1843 

1806 

1769 

1733 

1691 

r  1662 

1627 

1692 

46 

47 

1954 

1916 

1879 

1842 

1805 

1769 

1733 

1691 

r  1661 

1626 

1691 

47 

48 

1953 

1916 

1878 

1841 

1805 

1768 

1732 

169C 

1661 

1626 

1591 

48 

49 

1963 

1915 

1878 

1841 

1804 

1768 

1731 

169£ 

1660 

1626 

1590 

49 

50 

1952 

1914 

1877 

1840 

1803 

1767 

1731 

1692 

1660 

1624 

1589 

60 

61 

1951 

1914 

1876 

1839 

1803 

1766 

1730 

1694 

1669 

1624 

1689 

61 

62 

1961 

1913 

1876 

1839 

1802 

1766 

1730 

1694 

1658 

1623 

1688 

62 

63 

I960 

1913 

1875 

1838 

1802 

1766 

1729 

1693 

1668 

1623 

1688 

63 

64 

1950 

1912 

1875 

1838 

1801 

1766 

1728 

1693 

1657 

1622 

1687 

64 

65 

1949 

1911 

1874 

1837 

1800 

1764 

1728 

169S 

1667 

1621 

1687 

66 

66 

1948 

1911 

1873 

1836 

1800 

1763 

1727 

169S 

1666 

1621 

1686 

66 

67 

1948 

1910 

1873 

1836 

1799 

1763 

1727 

1691 

1666 

1620 

1686 

67 

68 

1947 

1909 

1872 

1836 

1798 

1762 

1726 

1690 

1656 

1620 

1686 

68 

69 

1946 

1909 

1871 

1835 

1798 

1762 

1725 

1690 

1654 

1619 

1684 

69 

a 

10  64' 

10  66^ 

Pes' 

I0f7/|i0  5y 

105^20  O' 

JO  li 

r>  r 

20  y 

k>  4^ 
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1     a 

h  fUlh  m 

bm 

km 

h  m 

hm 

1  h  m  1  h  m  1  h  m 

h  m 

hm 

8. 

9. 

2o  5/ 

20  6' 

JO  7/ 

20  8' 

2°  9^ 

20  10'2oil'|20  12'20iy 

20  14^ 

20  ly 

0 

1684 

1649 

161^ 

14S1 

1447 

1413  1380l  1347  1314 

1282 

1249 

0 

1 

1683 

1648 

1614 

148^ 

1446 

1413 

1379 

1346:  13H 

1281 

1249 

1 

2 

1682 

1548 

1614 

1479 

1446 

1412 

1379 

1346 

1313 

1281 

1248 

2 

3 

1682 

1647 

1613 

1479 

1445 

1412 

1378 

1346 

1313 

1280 

1248    3 

4 

1681 

1647 

1612 

1478 

1445 

1411 

1378 

1346 

1312 

1286 

1247    4 

5 

1681 

1546 

1612 

1478 

1444 

1411 

1377 

1344 

1311 

1279 

1247 

6 

6 

1680 

1646 

1611 

1477 

1443 

1410 

1377 

1344 

1311 

1278 

1246 

6 

' 

7 

1680 

1646 

1611 

1477 

1443 

1409 

1376 

1343 

131Q 

1278 

1246 

7 

8 

1679 

1644 

1610 

1476 

1442 

1409 

1376 

1343 

1310 

1277 

12461    8 

9 

1678 

1644 

1610 

1476 

1442 

1408 

1376 

1342 

1309 

1277 

1246    9 

10 

1678 

1643 

1609 

1475 

1441 

1408 

1374 

1342 

1309 

1276 

1244 

10 

11 

1677 

1543 

1608 

1474 

1441 

1407 

1374 

1341 

1308 

1276 

124J 

11 

12 

1677 

1642 

1608 

1474 

1440 

1407 

1373 

1340 

1308 

1275 

1243 

12 

13 

1676 

1542 

1607 

1473 

1440 

1406 

1373 

1340 

1307 

1276 

1242 

13 

14 

1676 

1541 

1607 

1473 

1439 

1406 

1372 

1339 

1307 

1274 

•1242 

14 

16 

1675 

1540 

1606 

1472 

1438 

1406 

1372 

1339 

1306 

1274 

1241 

16 

16 

1574 

1540 

1606 

1472 

1438 

1404 

-1371 

1338 

1306 

1273 

1241 

16 

17 

1674 

1539 

1606 

1471 

1437 

1404 

1371 

1338 

1306 

1273 

1240 

17 

18 

1673 

1539 

1604 

1470 

1437 

1403 

1370 

1337 

1304 

1272 

1240 

18 

19 

1573 

1638 

1504 

1470 

1436 

1403 

1370 

1337 

1304 

1271 

1239 

19 

20 

1672 

1538 

1603 

1469 

1436 

1402 

1369 

1336 

1303 

1271 

1239 

20 

21 

1571 

1637 

1603 

1469 

1435 

1402 

,1368 

1336 

1303 

1270 

1238 

21 

22 

1571 

1536 

1502 

1468 

1436 

1401 

1368 

1336 

1302 

1270 

1238 

22 

23 

1670 

1536 

1602 

1468 

1434 

1401 

1367 

1334 

1302 

1269 

1237 

23 

24 

1670 

1535 

1601 

1467 

1433 

1400 

1367 

1334 

1301 

1269 

1237 

S4 

26 

1569 

1536 

1600 

1467 

1433 

1399 

1366 

1333 

1301 

1268 

12S6 

26 

2() 

1669 

1534 

1500 

1466 

1432 

1399 

1366 

1333 

1300 

1268 

1236 

26 

27 

1668 

1534 

1499 

1465 

1432 

1398 

1366 

1332 

1300 

1267 

1236 

27 

28 

1667 

1533 

1499 

1465 

1431 

1398 

1366 

1332 

1299 

1267 

1234 

28 

29 

1567 

1532 

1498 

1464 

1431 

1397 

1364 

1331 

1298 

1266 

1234 

29 

SO 

1566 

1532 

1498 

1464 

i430 

1397 

1368 

1331 

1298 

1266 

1233 

30 

31 

1666 

1631 

1497 

1463 

1429 

1396 

1363 

1330 

1297 

1266 

1233 

31 

32 

1565 

1631 

1496 

1463 

1429 

1396 

1362 

1329 

1297 

1264 

1232 

32 

33 

1665 

1630 

1496 

1462 

.1423 

1396 

1362 

1329 

1296 

1264 

1232 

33 

34 

1664 

1630 

1495 

1461 

1428 

1394 

1361 

1328 

1296 

1263 

1231 

34 

36 

1563 

1529 

1495 

1461 

1427 

1394 

1361 

1328 

1296 

1263 

1231 

36 

36 

1563 

1528 

1494 

1460 

1427 

1393 

1360 

1327 

1296 

1262 

1230 

36 

37 

1562 

1528 

1494 

1460 

1426 

1393 

1360 

1327 

1294 

1262 

1230 

37 

38 

1562 

1527 

1493 

1459 

1426 

1392 

1369 

1326 

1294 

1261 

1229 

38 

39 

1561 

1527 

1493 

1459 

1426 

1392 

1359 

1326 

1293 

1261 

1229 

39 

40   , 

1561 

1526 

1492 

1458 

1424 

1391 

1368 

1326 

1292 

1260 

1228 

40 

41 

1560 

1626 

1491 

1458 

1424 

1391 

1367 

1326 

1292 

1260 

1227 

41 

42 

1559 

1625 

1491 

1457 

1423 

1390 

1367 

1324 

1291 

1269 

1227 

42 

43 

1659 

1624 

1490 

1456 

1423 

1389 

1366 

1323 

1291 

1269 

1226 

43 

44 

1658 

1624 

1490 

1466 

1422 

1389 

1366 

1323 

1290 

1268 

1226 

44 

46 

1668 

1623 

1489 

1455 

1422 

1388 

1366 

1322 

1290 

1267 

1226 

46 

46 

1667 

1623 

1489 

1455 

1421 

1368 

1366 

1322 

1289 

1267 

1226 

46 

47 

1666 

1622 

1488 

1464 

1421 

1387 

1364 

1821 

1289 

1266 

1224 

47 

48 

1566 

1622 

1487 

1464 

1420 

1387 

1364 

1321 

1288 

1266 

1224 

48 

49 

1665 

1521 

1487 

1453 

1419 

1386 

1363 

1320 

1288 

1266 

1223 

48 

.60 

1655 

1620 

1486 

1452 

1419 

1386 

1362 

1320 

1287 

1266 

1223 

60 

•  M 

1664 

1520 

1486 

1452 

1418 

1386 

1362 

1319 

1287 

1264 

122s 

61 

62 

1664 

1619 

1486 

1461 

1418 

1384 

1361 

1319 

1286 

1264 

1222 

62 

i3 

1663 

1619 

1486 

1461 

1417 

1384 

1361 

1318 

1286 

1263 

1221 

63. 

64 
66 

1652 

1618 

1484 

1450 

1417 

1383 

1860 

1317 

1286 

1263 

1221 

54 

1662 

1618 

1483 

1450 

1416 

1383 

1360 

1317 

1284 

1262 

1220 

66 

66 

1661 

1617 

1483 

1449 

1416 

1382 

1349 

1316 

1284 

1262 

1219 

66 

67 

1651 

1616 

1482 

1449 

1416 

1382 

1349 

1316 

1283 

1261 

1219 

67 

68 

1550 

1616 

1482 

1448 

1414 

1381 

1348 

1316 

1283 

1260 

1218 

58 

69 

1660 

1616 

1481 

1447 

1414 

1381 

1348 

1316 

1282 

1260 

1218 

68 
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14 

8. 

hm 

hiD 

h  m  h  m  ih  mi 

h  m  1  h  m  ,h  m  1 

h  m  h  m  1  h  m 

S. 

2^16' 

2047/ 

2^W 

2oi9/ijo20/j2O2i/:ao2j/| 

2^23' 

20  24'|2O26^'2O26' 

0 

1217 

1186 

1154 

1123 

1091 

1061 

1030 

0999 

0969 

0939 

0909 

0 

1 

1217 

1186 

1163 

1122 

1091 

1060 

1029 

0999 

0969 

0939 

0909 

1 

2 

1216 

1184 

1163 

1122 

1090 

1060 

1029 

0998 

0968 

0938 

0908 

2 

3 

1216 

1184 

1152 

1121 

1090 

1059 

1028 

0998 

0968 

0938 

0908 

3 

4 

1215 

1183 

1152 

1120 

1089 

1058 

1028 

0997 

0967 

0937 

0907 

4 

5 

1216 

1183 

1151 

1120 

1089 

1068 

1027 

0997 

09C7 

0937 

0907 

6 

6 

1214 

1182 

1161 

1119 

1088 

1057 

1027 

0996 

0966 

0936 

0906 

6 

7 

1214 

1182 

1150 

1119 

1088 

1067 

1026 

0996 

0966 

0936 

0906 

7 

8 

1213 

1181 

1160 

1118 

1087 

1056 

1026 

0995 

0965 

0936 

0906 

8. 

9 

1213 

1181 

1149 

1118 

1087 

1066 

1026 

0996 

0966 

0936 

0906 

9 

10 

1212 

1180 

1149 

1117 

1086 

1036 

1026 

0994 

0964 

0934 

0904 

10 

11 

1211 

1180 

1148 

1117 

1086 

1055 

1024 

0994 

0964 

0934 

0904 

11 

12 

1211 

1179 

1148 

1116 

1086 

1054 

1024 

0993 

0963 

0933 

0003 

12 

13 

1210 

1179 

1147 

1116 

1086 

1064 

1023 

0993 

0963 

0933 

0903 

13 

14 

1210 

1178 

1147 

1116 

1084 

1063 

1023 

0992 

0962 

0932 

0902 

14 

16 

1209 

U78 

1146 

1116 

1084 

1063 

1022 

0992 

0962 

0932 

0902 

16 

16 

1209 

1177 

1146 

1114 

1083 

1062 

1U22 

0991 

0961 

0931 

0901 

16 

17 

1208 

1177 

1146 

1114 

1083 

1062 

1021 

0991 

0961 

0931 

0901 

17 

18 

1208 

1176 

1146 

1113 

1082 

1051 

1021 

0990 

0960 

0930 

0900 

18 

19 

1207 

1176 

1144 

1113 

1082 

1051 

1020 

0990 

0960 

0930 

0900 

19 

20 

1207 

1176 

1143 

1112 

1081 

1060 

1020 

0989 

0959 

0929 

0899 

20 

21 

1206 

1174 

1143 

1112 

1081 

1060 

1019 

0989 

0959 

0929 

0899 

21 

22 

1206 

1174 

1142 

nil 

1080 

1049 

1019 

0988 

0958 

0928 

0898 

22 

23 

1206 

1173 

1142 

nil 

1080 

1049 

1018 

0988 

0958 

0928 

0898 

23 

24 

1206 

1173 

1141 

1110 

1079 

1048 

1018 

0987 

0957 

0927 

0897 

24 

26 

1204 

1172 

1141 

1110 

1079 

1048 

1017 

0987 

0957 

0927 

0897 

26 

26 

1204 

1172 

1140 

1109 

1078 

1047 

1017 

0986 

0956 

0926 

0896 

26 

27 

1203 

1171 

1140 

1109 

1078 

1047 

1016 

0986 

0956 

0926 

0896 

27 

38 

1202 

1171 

1139 

1108 

1077 

1046 

idle 

0985 

0955 

0926 

0896 

28 

29 

1202 

1170 

1139 

1108 

1076 

1046 

1015 

0986 

0955 

0926 

0896 

29 

30  • 

1201 

1170 

1138 

1107 

1076 

1046] 

1016 

0984 

0954 

0924 

0894 

30 

31 

1201 

1169 

1138 

1106 

1076 

1046 

1014 

0984 

0954 

0924 

0894 

31 

32 

1200 

1169 

1137 

1106 

1076 

1044 

1014 

0983 

09J3 

0923 

0893 

32 

33 

1200 

1168 

1137 

1106 

1074 

1044 

1013 

0983 

0953 

0923 

0893 

33 

34 

1199 

1168 

1136 

1106 

1074 

1043 

1013 

0982 

09o'i 

0922 

0892 

34 

35 

1199 

1167 

1136 

1104 

1073 

1043 

10i2 

0932 

01152 

0922 

0892 

35 

36 

1198 

1167 

1136 

110.i 

1073 

1042 

1012 

0981 

0951 

0921 

0891 

36 

37 

1198 

1166 

1136 

1103 

1072 

1042 

1011 

0981 

0961 

0921 

0891 

37 

38 

1197 

1166 

1134 

1103 

1072 

1041 

ion 

0930 

0950 

0920 

0890 

38 

39 

1197 

1166 

1134 

1102 

1071 

1041 

1010 

0980 

0950 

0920 

0890 

39 

40 

1196 

1164 

1133 

1102 

1071 

1040 

1009 

0979 

0949 

0919 

0389 

40 

41 

1196 

1164 

1132 

1101 

1070 

1040 

1009 

0979 

0949 

0919 

0889 

41 

42 

1196 

1163 

1132 

1101 

1070 

1039 

1000 

0978'  0948 

0918 

0888 

42 

43  . 

1196 

1163 

1331 

1100 

1069 

1039 

1008 

0978 

0948 

0918 

0888 

43 

44 

1194 

1162 

.1131 

1100 

1069 

1038 

1007 

0977 

0947 

0917 

0887 

44 

45 

1193 

1162 

1130 

1099 

1068 

1037 

1007 

0977 

0947 

0917 

0887 

45 

46 

1193 

1161 

1130 

1099 

1068 

1037 

1006 

0976 

0946 

0916 

0886 

46 

47 

1192 

1161 

1129 

1098 

1067 

1036 

1006 

0976 

0946 

0916 

0886 

47 

48 

1192 

1160 

1129 

1098 

1067 

1036 

1006 

0975 

0945 

0915 

0886 

48 

49 

1191 

1160 

1128 

1097 

1066 

1036 

1006 

0975 

0946 

0915 

0886 

49 

60 

1191 

1169 

1128 

1097;  1066 

1036 

1004 

0974 

0944 

0914 

0884 

60 

51 

1190 

1169 

1127 

1096 

1065 

1034 

1004 

0974 

0944 

0914 

0884 

^i 

62 

1190 

1168 

1127 

1096 

1065 

1034 

1003 

0973 

0943 

0913 

0883 

62 

63 

1189 

1158 

1126 

1095 

1064 

1033 

1003 

0973 

0943 

0913 

0883 

63 

54 

1189 

1167 

1126 

1096 

1064 

1035 

1002 

0972 

0942 

0912 

0883 

54 

65 

1188 

1157 

1125 

1094 

1063 

1032 

1002 

0972 

0942 

0912 

1  0882 

65 

66 

1188 

1156 

1126 

1094 

1063 

1032 

1001 

0971 

0941 

0911 

0882 

66 

67 

1187 

1166 

1124 

1096 

1062 

1031 

1001 

0971 

0941!  0911 

0881 

67 

'   68 

1187 

U66 

1124 

1092 

1062 

1031 

1000 

0970 

0940'  0910 

0881 

68 

59 

1186 

1164 

1123 

1092 

1061 

1030 

1000 

0970 

0940  0910  0880 

69 
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TABLE  XXn. 
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S. 

h  m 

hm  irnil 

h  m 

hm 

h  m  ] 

bm 

h  m 

h  m  1  h  m  ih  m  t 

s. 

"~~ 

j0  27> 

20  28/ 

2029/ 

2030/ 

20  31' 

20  32/|20  33/| 

20S4/2035/J2036/I2037/J 

0 

0380 

0860 

0821 

0792 

0763 

0734 
0734 

0706 

0678 

0649 

0621 

0594 

0 

1 

0879 

0860 

0820 

0791 

0762 

0705 

0677 

0649  0621 

0593 

1 

2 

0879 

0849 

0820 

0791 

0762 

0733  0705 

0677 

064a  0621 

0593 

2 

3 

0878 

0849 

0819 

0790 

0762 

0733 

0704 

0676 

0648 

0620 

0592 

3 

4 

0878 

0848 

0819 

0790 

0761 

0732 

0704 

0676 

0648 

0620 

0692 

4 

6 

0877 

0848 

0818 

0789 

0761 

0732 

0703 

0676 

064+ 

0619 

0591 

5 

■I 

6 

0877 

0847 

0818 

0789 

0760 

0731 

0703 

0676 

0647 

0619 

0591 

6 

7 

0876 

0847 

0817 

0788 

0760 

0731 

0703 

0674  0646 

0618 

0691 

7 

8 

0876 

0846 

0817 

0788 

0769 

0730 

0702 

0674  0646 

0618 

0690 

8 

9 

0876 

0846 

0816 

0787 

0769 

0730 

0702 

0673  0646 

0617 

0590 

9 

10 

0876 

0846 

0816 

0787 

0763 

0730 

0701 

0673  0646 

0617 

0689 

10 

U 

0874 

0846 

0816 

0787 

0758 

0729 

0701 

0672.  0644 

0616 

0589 

11 

1* 

0874 

0844 

0816 

0786 

0767 

0729 

0700  0672 

0644 

0616 

0588 

12 

13 

0873 

0844 

0816 

0786 

0767 

0728 

0700  0671 

0643 

0615 

0588 

Id 

14 

0873 

0843 

0814 

0785 

0766 

0728 

0699 

0671 

0643 

0615 

a^87 

14 

15 

0872 

0843 

0814 

0786 

0766 

0727 

0699 

0670 

0642 

0616 

0687 

15 

16 

0872 

0842 

0813 

0784 

0765 

0727 

0698 

0670 

0642 

0614 

0586 

16 

17 

0871 

0842 

0813 

0784 

0755 

0726 

0698 

0670 

0641 

0614 

0586 

17 

18 

0871 

0841 

0812 

0783 

0754 

0726 

0697 

0669 

0641 

0613  0685 

18 

19 

0870 

0841 

0812 

0783 

0754 

0725 

0697 

0669 

0641 

0613 

0585i 

19 

20 

0870 

0840 

0811 

0782 

0763 

0726 

0696 

0668 

0640 

0612 

0586 

20 

21 

0869 

0840 

0811 

0782 

0763 

0724 

0696 

0668 

0640 

0612 

0584 

SI 

Is 

0869 

0839 

0810 

0781 

0762 

0724 

0696 

0667 

0639 

0611 

0684 

22 

0868 

0839 

0810 

0781 

0752 

0723 

0696 

0667 

0639 

0611 

0583 

23 

24 

0868 

0838 

0809 

0780 

0761 

0723 

0694 

0666 

0638 

0610  0583 

24 

25 

0867 

0838 

0H09 

on  40 

0761 

0722 

0{i94 

0666 

0638 

0610 

0682 

S5 

26 

0867 

0837 

080a 

0779 

0751 

0722 

0C94 

0666 

0637 

0609 

0582 

26     • 

27 

0866 

0837 

0808 

0779 

0760 

0721 

0693 

0666 

0637 

0609 

0581 

27 

28 

0866 

0836 

0807 

0778 

0750 

0721 

0693 

0664 

0636 

0609 

0581 

S8 

29 

0866 

0836 

0807 

0778 

0749 

0721 

0692 

0664 

0636 

0608 

0580 

29  ' 

30 

0865 

0336 

080G 

0777 

0749 

0720 

0692 

0663 

0636 

0608 

0680 

30 

31 

0864 

0835 

0306 

0777 

0748 

0720 

0691 

0663 

0635 

0607 

0579 

31 

32 

0864 

0834 

0806 

0776 

0748 

0719 

0691 

0663 

0634 

0607 

0579 

32 

S3 

0iJ63 

0834 

0806 

0776 

0747 

0719 

0690 

0662 

0634 

0606 

0579 

33 

34 

08r>3 

0834 

0804 

0773 

0747 

0713 

0G90 

0662 

0634 

0606 

0578 

34 

35 

0862 

0833 

0804 

0776 

0746 

0718 

0689 

0661 

0633 

0606 

0578 

36 

36 

0862 

0833 

0803 

0774 

0746 

0717 

0689 

0661 

0633 

0605 

0577 

36 

37 

0861 

0832 

0803 

0774 

0746 

0717 

0688 

0660 

0632 

0604 

0577 

37 

38 

0861 

0832 

0802 

0774 

0745 

0716 

0688 

0G60 

0632 

0604 

0576 

3S 

39 

0860 

0831 

0802 

0773 

0744 

0716 

0687 

0869 

0631 

0603 

0576 

39 

40 

0860 

0831 

0801 

0773 

0744 

0715 

0687 

0659 

0631 

0603 

0576 

40 

41 

0869 

0830 

0801 

0772 

0743 

0715 

0686 

0668 

0630 

0602 

0575 

41 

42 

0869 

0830 

0801 

0772 

0743 

0714 

0686 

0658 

0630 

0602 

0674 

42 

43 

0868 

0829 

0800 

0771 

0742 

0714 

0686 

0657 

0629 

0602 

0574 

43 

44 

0868 

0829 

0800 

0771 

0742 

0713 

0685 

0667 

06«9 

060! 

0573 

44 

•  45 

0867 

0828 

0799 

0770 

0741 

0713 

0686 

0666 

0628 

0601 

0573 

45 

46 

0857 

0828 

0799 

0770 

0741 

0712 

0684 

0656 

0638 

0600 

0573 

46 

47 

0866 

0827 

0798 

0769 

0740 

0712 

0684 

0665 

0628 

0600i  0572 

47 

48 

0366 

0827 

0798 

0769 

0740 

0711 

0608 

0655 

0627 

0599!  0572 

48 

49 

0865 

0826 

0797 

0768 

0740 

0711 

0683 

0655 

0627 

0599  0571 

49 

50 

0866 

0826 

0797 

0768 

0739 

0711 

0682 

I  0664 

0626 

0598!  0571 

50 

51 

0866 

0826 

0796 

0767 

0739 

0710 

0682 

0654 

0626 

0598 

0570 

61 

52 

0864 

0826 

0796 

0767 

0738 

0710 

0681 

0G63 

0625 

0597 

0570 

52 

53 

0864 

0824 

0795 

0766 

0738 

0709 

0681 

0653 

0625 

0597 

0569 

53 

54 

0863 

0824 

0795 

0766 

0737 

0709 

0680 

0652 

0624 

0696 

0569 

54 

65 

0863 

0823 

0794 

0765 

0737 

0708 

0680 

0652 

0624 

0696 

0568 

55 

56 

0862 

0823 

0794 

0765 

0736 

0708 

0679 

0651 

0623 

0596 

0568 

56 

57 

0862 

0822 

0793 

0764 

0736 

0707 

0679 

0651 

0623 

0595 

0668 

57 

58 

0851 

0822 

0793 

0764 

0736 

0707 

0678 

0650 

0622 

0595 

0567 

58 

^ 

59 

0851 

0821 

0792 

0763 

0736 

0706 

0678 

0650 

0622 

0594 

0667 

59 

S. 

2o  27/130  28/j20  29/( 
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2035' 
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FROPOKTfOHAL  LOOABmiMS. 


hmihm    hm|hni    h 


h  m  h  m 


h  m  h  m 

4.rftP4S* 


b  m 


I  h  m 


99^99 


4VXO 


46^  JO 


0566!  0539 
05661  05S8 
0565  0538 
0565!  0537 
0564*  0637 


051S 
0511 
0511 
0510 
0510 


0484 
0484 
0484 
0483 
0483 


0458 
0457 
0457 
0456 
0456; 


0431 
0430 
0430 


04041  0378 


0404i 


0403  0377 
04301  0403  0377 
04S9  0403  0376 


0377 


03521 
0351 
0351 
0350 
0360 


03at6 
0326 
0325 
0324 
0324 


03001 
0299 
0299 
0298 
0298 


0664  0536 
0563  0536 
0563]  0536 
0562;  0535 
05621  0535 


0509 
0609 
0508 
0508 
0607 


0482 
0482 
0481 
0481 
0480 


0455i 
0455, 
0454 
0454 
0454) 


0429 
0428 
0428 
0427 
0427 


0402  0376 


0402 
0401 
0401 
0400 


0375 
0375 
0374 
0374 


0349 
0349 
0349 
0348 
0348 


0323 
0323 
0323 
0322 
0322 


0297 
0297 
0297 
0296 
0296 


10 
11 
12 
13 
14 


0562<  0534|  0507 
0507 
0506 
0506 
0505 


0561 
0561 
0560 
0560 


0534 
0633 
0633 
0532 


0480 
0480 
0479 
0479 
0478 


0453 
0453 
0452 
0462 
0461 


0426 
04S6 
0426 
0426 
0486 


0400  0374 
0399  0373 


0399 
0399 
0398 


0373 
0372 
0372 


0347 
0347 
0346 
0346 
0346 


0321 
0321 
0320 
0320 
0319 


0296 
0296 
0294 
0294 
0294 


15 
16 
17 
18 
19 


0659 
0669 
0558 
0658 
0557 


0532 
0531 
0531 
0531 
05301 


0505 
0604 
0504 
0603 
0503 


0178 
0477 
0477 
0476 
0476 


0451 
0460 
0450 
0460 
0449 


04S4 
0424 
0423 
0423 
0422 


0398 
0397 
0397 
0396 
0396 


0371 
0371 
0370 
0370 
0370 


0345 
0346 
0344 
0344 
0343 


0319 
0319 
0318 
0318 
0317 


0293 
0293 
0292 
0291 
0291 


20 
21 
22 
23 
24 


25 
26 
27 
28 
29 


0567 
0557 
0556 
0556 
0556 


0630 
0529 
0529 
0528 
0528 


0602 
0602 
0602 
0601 
0501 


0476 
0476 
0476 
0474 


0474  0447 


0555 
0654 
0654 
0663 
05531 


0627 
0527 
0526 
0526 


0526  0498 


0600 
0500 
0499 
0499 


0473 
0473 
0472 
0472 
0471 


0449 
0448 
aM8 
0447 


0422 
0422 
0421 
0421 
0420 


0395 
0396 
0396 
0394 
0394 


0369 
0369 
0368 
0368 
0367 


0343 
0342 
.0342 
0342 
0341 


0317 
0316 
0316 
0316 
0316 


0291 
0291 
0290 
0290 
•0289 


0446 
0446 
0446 
0446 
0445 


0420 
0419 
0419 
0418 
0418 


0393 
0393 
0392 
0392 
0392 


0367 
0366 
0365 
0366 
0366 


0341 
0340 
0340 
0339 
0339 


0316 
0314 
0314 
0313 
0313 


0289 
0288 
0288 
0288 
0287 


SO 
31 
92 

93 
34 


0552 
0662 
0552 
0551 
0551 


0525 
0525 
0524 
0624 
0523 


0498 
0498 
0497 
0497 


0471 
0471 
0470 
0470 


0496  0469 


0444 
0444 
0443 
0443 
0442 


0418 
0417 
0417 
0416 


0416  0389 


0391 
0391 
0390 
0390 


0365 
0364 
0364 
0363 
0363 


0339 
0338 
0338 
0337 
0337 


0313 
0312 
0312 
0311 
0311 


028? 
0286 
0286 
0286 
0286 


36 
36 
97 
98 
99 


0550 
0560 


0523 
0522 


0649  0522 


0649 
0548 


0521 
0521 


0496 
0495 
0496 
0494 
04941 


0469 
0468 
0468 
0467 
0467 


0^2 
0442 
0441 
0441 
0440 


0416 
0416 
0414 
0414 
0414 


0389 
0388 
0388 
0388 
0387 


0363  0336 
0362  0336 
0362  0336 


0361 
0361 


0336 
0336 


0310 
0310 
0310 
0309 
0309 


0286 
0284 
0284 
P283 
0283 


40 
41 
42 
43 
44 


0648 
0647 
0647 
0546 
0546 


0521 
0620 
0520 
0519 
0519 


04931  0467 


0493 
0493 
0492 
0492 


0466 
0466 
046o 
0465 


0440 
0439 
0439 
0438 
0438 


0413  0387 


0413 
0412 
0412 
0411 


0386 
0386 
0386 
0386 


0360  0334 
0360  0334 
0369  0333 


0369 


0333 


0359  0333 


0308 
0308 
0307 
0307 
0307 


0282 
0282 
0282 
0281 
0281 


46 
46 

47 
48 
49 


0646 
0646 
0546 
0644 
0544 


0518 
0618 
0617 
0617 
0617 


0491 
0491 
0490 
0490 

0489 


0464 
0464 
0463 
0463 
0462 


0438 

♦0437 

0437 

0436 

0436 


0411 
0410 
0410 
0410 
0409 


0384  0358 


0384 
0384 
0383 
0383 


0358 
0357 
0357 
0356 


0332 
0332 
0331 
0331 
0330 


0306 
0306 
0305 
0305 
0304 


0280 
0280 
0279 
0279 
0279 


60 
61 
62 
63 
64 


0643 
0643 
0642 
0642 
0641 


0616 
0516 
0616 
0515 
0514 


0489 
0489 
0488 
0488 
0487 


0462 
0462 
0461 
0461 
0460 


0435 
0435 
0434 
0434 
0434 


0409 
0408 
0408 
0407 
0407 


0382 
0382 
0381 
0381 
0381 


0356 
0356 
0355 
0365 
0354 


0330 
0329 
0329 
0329 
0328 


0304 
0304 
0303 
0303 
0302 


0278 
0278 
0277 
0277 
0276 


66 
66 
67 
68 
69 


0641 
0541 
0640 
0640 
0639 


0614 
0613 
0613 
061 


0487 
0486 
0486 
0485 


0460 
0469 
0459 
0468 


0512|  0485[  0458 


0433 
0433 
0432 
0432 
0431 


0406 
0406 
0406 


0880 
0880 
0379 
0379 


0364 
0363 
0363 


0405|  0878 


0353 

0362 


0328 
0327 
0327 
0326 
0326 


0302 
0301 
0301 


^^jWi^t''  4o'g°  46/gclrl2o 


0276 
0276 

027J 
027- 
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TABLE  XXn. 

PROPORTIONAL  LOGARITHMS. 

s. 

h  m  h  m  1  h  m 

hm 

h  m 

hm 

hm 

h  m 

h  m 

hm 

h  m 

8. 

^^ 

2049/2(350/ 

20  61' 

20  62' 

20  63' 

2^54' 

20  65' 

2056' 

2^67' 

2^68' 

2059^ 

0 

O274I  0248 

O223I  0197 

0172 

0147 

0122 

0098 

0073 

0049 

002^ 

0 

1 

0273  0248 

0222 

0197 

0172 

0147 

0122 

0097 

0073 

0048 

0024 

1 

2 

0273  0247 

0222 

0197 

0171 

0146 

0122 

0097 

0072 

0048 

0023 

2 

3 

0273  0247 

0221 

0196 

0171 

0146 

0121 

0096 

0072 

0047 

0023 

3 

4 

0272  0247 

0221 

0196 

0171 

0146 

0121 

0096 

0071 

0047 

0023 

4. 

6 

02721  0246 

0221 

0195 

0170 

0145 

0120 

0096 

0071 

0046 

0022 

6 

6 

0271 

0246 

0220 

0195 

0170 

0146 

0120 

0096 

0071 

0046 

0022 

6 

7 

0271 

0245 

0220 

0194 

0169 

0144 

0119 

0096 

0070 

0046 

0021 

.  7 

8 

0270 

0245 

0219 

0194 

0169 

0144 

0119 

0094 

0070 

0045 

0021 

8 

9 

0270 

0244 

0219 

0194 

0169 

0143 

0119 

0094 

0069 

0046 

0021 

9 

10 

0270 

0244 

0219 

0193 

0168 

0143 

0118 

0093 

0069 

0044 

0020 

10 

11 

0269 

0244 

0218 

0193 

0168 

0143 

0118 

0093 

0068 

0044 

0020 

11 

IS 

0269 

0243 

0218 

0192 

0167 

bl42 

0117 

0093 

0068 

0044 

0019 

u 

13 

0268 

0243 

0217 

0192 

0167 

0142 

0117 

0092 

0068 

0043 

0019 

13 

14 

0268 

0242 

0217 

0192 

0166 

0141 

0117 

0092 

0067 

0043 

0019 

14 

15 

0267 

0242 

0216 

0191 

0166 

0141 

0116 

0091 

0067 

0042 

0018 

15 

16 

0267 

0241 

0216 

0191 

0166 

0141 

0116 

0091 

0066 

0042 

0018 

16 

17 

0267 

0241 

0216 

0190 

0165 

0140 

0115 

0091 

0066 

0042 

0017 

17 

18 

0266 

0241 

0216 

0190 

0165 

0140 

0116 

0090 

0066 

0041 

0017 

18 

19 

0266 

0240 

0215 

0189 

0164 

0139 

0114 

0090 

0066 

0041 

0017 

19 

ito 

0265 

0240 

0214 

01B9 

0164 

0139 

0114 

0089 

0066 

0040 

0016 

SO 

n 

0265 

0239 

0214 

0189 

0163 

0139 

0114 

0089 

0064 

0040 

0016 

21 

23 

0264 

0239 

0213 

0188 

0163 

0138 

0113 

0089 

0064 

0040 

0015 

2S 

23 

0264 

0238 

0213 

0188 

0163 

0138 

0113 

0088 

00^4 

0039 

0016 

S3 

24 

0264 

0238 

0213 

0187 

0162 

0137 

0112 

0088 

0063 

0039 

0015 

S4 

26 

0263 

0238 

0212 

0187 

0162 

0137 

0112 

0087 

0063 

0038 

0014 

26 

26 

0263 

0237 

0?I2 

0187 

0161 

0136 

0112 

0087 

0062 

0038 

0014 

26 

27 

0262 

0237 

0211 

0186 

OlGl 

0136 

0111 

0087 

0062 

0038 

0013 

S7 

28 

0262 

0236 

0211 

0186 

0161 

0136 

0111 

0086 

0062 

0037 

0013 

S8 

29 

0261 

0236 

0211 

0185 

0160 

0136 

0110 

0086 

0061 

0037 

0012 

29 

30 

0261 

0235 

0210 

0185 

0160 

0135 

0110 

0085 

0061 

0036 

0012 

30 

31 

0261 

0236 

0210 

0184 

0169 

•0134 

OHO 

0085 

0060 

0036 

0012 

31 

32 

0260 

0235 

0209 

0184 

0169 

0134 

0109 

0084 

0060 

0036 

0011 

32 

33 

0260 

0234 

0209 

0184 

0158 

0134 

0109 

0084 

0060 

0035 

0011 

33 

34 

0269 

0234 

0208 

0183 

0158 

0133 

0108 

0084 

0059 

0035 

0010 

34 

35 

0269 

0233 

0208 

0183 

0168 

0133 

0108 

0083 

0069 

0034 

0010 

35 

36 

0258 

0233 

0208 

0182 

0167 

0132 

0107 

0083 

0058 

0034 

0010 

36 

37 

0268 

0233 

0207 

0182 

0167 

0132 

0107 

0082 

0058 

0034 

0009 

37 

38 

0268 

0232 

0207 

0181 

0156 

0131 

0107 

0082 

0057 

0033 

0009 

38 

39 

0257 

0232 

0206 

0181 

0166 

0131 

0106 

0082 

0057 

0033 

0008 

39  . 

40 

0267 

0231 

0206 

0181 

0166 

0131 

0106 

0081 

0057 

0032 

0008 

40 

41 

0266 

0231 

0206 

0180 

0165 

0130 

0105 

0081 

0056 

0032 

0008 

41 

42 

0266 

0230 

0205 

0180 

0155 

0130 

0105 

0080 

0056 

0031 

0007 

42 

43 

0265 

0230 

0205 

0179 

0154 

0129 

0105 

0080 

0056 

0031 

0007 

43 

44 

0266 

0230 

0204 

0179 

0154 

0129 

0104 

0080 

0a55 

0031 

0006 

44 

45 

0265 

0229 

0204 

0179 

0153 

0129 

0104 

0079 

0055 

0030 

0006 

46 

46 

0254 

0229 

0203 

0178 

01531  0128 

01<^ 

0079 

0054 

0030 

0006 

46 

47 

0254 

0228 

0203 

0178 

0153 

0128 

0103 

0078 

0054 

0029 

0005 

47 

48 

0263 

0228 

0202 

0177 

0162 

0127 

0103 

0078 

0053 

0029 

0005 

48 

49 

0263 

0227 

0202 

0177 

0162 

0127 

0102 

0077 

0053 

0029 

0004 

49 

60 

0262 

0227 

0202 

0176 

0151 

0126 

0102 

0077 

0053 

0028 

0004 

50 

61 

0252 

0227 

0201 

0176 

0151 

0126 

0101 

0077 

0052 

.0028 

0004 

61 

52 

0262 

0226 

0201 

0176 

0151 

0126 

0101 

0076 

0052 

0027 

0003 

62 

53 

0261 

0226 

0200 

0175 

0160 

0125 

0100 

0076 

0051 

0027 

0003 

63 

54 

0251 

0226 

0200 

0175 

0150 

0126 

0100 

0075 

0061 

0027 

OOOS 

64 

55 

0250 

0225 

0200 

0174 

0149 

0124 

0100 

0075 

0061 

0026 

0002 

65 

56 

0250 

0224 

0199 

0174 

0149 

0124 

0099 

0075 

0050 

0026 

000^ 

66 

57 

0250 

0224 

0199 

0174 

0148 

0124 

0099 

0074 

0050 

0026 

0001 

67 

58 

0249 

0224 

0198  0173 

0148 

0123 

0098 

0074 

0049 

00251  0001 

68 

59 

0249 

0223 

0198  0173 

0148 

0123 

0098 

0073 

0049 

00251  0000 

69. 
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HALF  ELAPSED  TIME. 


MIDDLE  TIME. 


0  HOUR. 


0  HOUR. 


M       0" 


10" 


sxy  \  aof*    40"    w 


Ml     0" 


10//      20"     30" 


40"    «y> 


fnfinite. 


03. 

J. 


13833 


83730'66121 


2.36018 

2.05916 

1 

1.88307 

1.73814 


2932423525  18409  13834 
02440 


53627  43936 


85959 
74042 


99221 
83732 
72389 


96225  93422  90790 


81613 


1.66125  64701 
1.58208  57018 
1.51516' 
1.45718 
1.40605 


63322 

55861 

5049449496 

4482343946 

3980939027 


09695 


79693  77663 


707006912167597 


61986 
54733 
48520 
43086 
38268 


60690 
53634 


69431 
52661 


47566  46632 
42243  41417 


37503 


36762 


1.36032  35315  34609 
1.31896  31243  30600 


1.28120 
1.24647 
1.21432 


27522 
24095 
20919 


1.1844017961 


1.15642 
1.13013 
1.10536 
1 .08193 


26931 
23549 
20412 


15192 
12590 


17487 
14748 
12171 


10136  09740  09348  08960 


078140743907067 


33915 
29967 
26349 


33231 
29342 
26774 


23010  22478 


19910 


19415 


32558 
28727 
25207 
21952 
18926 


17018 
14307 
11757 


16554 
13872 
11346 


06699 


16096 
13440 
10939 
08574 
06333 


OInf.Neg 
02. 
12.94086 
13. 


3.24187  27663 
3.41796  44144 
3.54289  56061 


6  3.63978 

6  3.71895 

7  3.78588 

8  3.84385 

9  3.89498 


3.94071 
3.98207 

114. 
4.01983 
4.05466 

144.08671 


4.11663 
4.14461 
4.17090 
4.19567 
4.21910 


1627046373 


6398276476 


00779 


06578 
30882 
46371 
67764 


11694 
33878 
48490 
69403 


66402 
73086 
79609 
86280 
90294 


66781 
74242 
80607 
86157 
91076 


-I- 


94788  96494 
93860  99503 


02581 
06008 
09184 


03172 
06654 
09691 


00136  0076101376 


12142  12616 
14911 


17613 
19967 
22289 


16366  16796 


17932 
20363 
22664 


16269 
36681 
60610 
60982 


68117 
75370 
81583 
87017 
91846 


69413 
76469 
82537 
87860 
92600 


86167 

20408 
39313 
62440 
62606 
70672 
77542 
83471 
88686 
93341 


96188 


96872 


97643 


03764  04329 


07093 
10193 


07625 
10688 


04^96 
08151 
11178 


13085 


18346 
20756 
23036 


13649 
16231 
18757 
21143 
23404 


14007 
16663 
19164 
21529 
23770 


SOI 

21 

22 

23 

24f0 


05970 
1.03857 
1:01843 
0.99918 

98077 


056110525404901 


0351503175 


01516 
99606 
97777 


01192 
99296 


02838 
00870 
98988 


0455004202 
0250402172 
00550  00233 


9748097184 


98682 
96891 


98378 
96600 


24492 
26588 


4.24133 
4.26246 
4.28260  28587 
4.30186 
4.32026 


30497 
32326 


24849 
26928 
28911 
30807 
32623 


2520225563 


27266 
29233 
31116 
32919 


27599 
29563 
31421 
33212 


'26901 
27931 
29870 
31725 
33603 


25  0.96310  96023 

26  0.94614  94338 


270.92982 
28  0.91411 
290.89894 


SO 


310.87015  8678386563 
32  0.85644  8542085197 


83 


340.83030 


95738 
94063 
9271692462 


91154 
89647 


89401 


95454  95172 
93790  93519 
91928 
90394 
88913 


92189 
90646 
89156 


94892 
93250 
91669 
90143 
88671 


4.33793 
4.35489 
4.37121 


28  4.38692 


4.40209 


340^0 
35766 
37387 
38949 
40456 


34365 
36040 
37661 


34649 
36313 
3791438175 


34931 
36584136853 


0.88430  88191 


87953 


0.84317 


87717 
86324 
84976 
83669 
82401 


86324  86096 
84755 


87481  87247 
85870 


29 


304.4167341912 


39204  39457 


40702 


40947 


35211 
36853 
38434 
3970939960 
4119041432 


4215042386 


84100  83884  83669|83455 
8281982609 


84535 

83242 

82193  81986 


4.43088 
4.44459 
4.45786 


43320143550 


42622  42866 


437794400744233 


44683 
46003 


44906 


4512745348 


4.4707347284 


462194643446648 


4749447702 


47910 


45568 
46861 
48117 


35 


0.81780 


36  0.80567 
37 


81576 
80368 


81372 


81169 


80967  80767 


0.79387 
380.7823978051 
390 


7919379001 


80170  79973  79777  79581 


78809 
7786377677 


78618  78428 


77491 


77306 


77122  76938  76756  76574  76393  76212 


35 


38 

39  4.52981 


48627  48731 


4.48323 

36  4.49536 

37  4.50716 
4.5186452052 

53165 


49736 
50910 


49933 
51102 


48934 


49136 


5013050326 


49336 
50522 


512945148551675 


5224052426 


53347 


53529 


52612 
53710 


62797 
53891 


4010.76033  75854  75676  75499 
41  0.7497274797174624^74451 


42  0 .  73937  73767  73597  73429 
430.72927  7276072595 


7532376147 
74279  74107 


5424954427 
55306 


73261 


73093 

72103 

44|0.7I940|717787161671455  71295  71136 


72430 


72266  72103 


404.54070 
414.55131 
424.56166 
434.57176 
444.58163  58325 


56336  56506 


5460454780  54966 
55479  55652  55824  55996 


57343 


57508 
58487 


56674 
67673 
58648 


56842 
67837 
58808 


576736783758000 


57010 
58000 
58967 


46|0'.  70976  70818  70660 
4610.70034  6988069725 
6896268811 


4710.69113 

48  0.68212  68064167916 

49  0.67330  67185  67040  66896 


70503 
69571 
68660 
67769 


70346  70190 
69418  69265 
6851068361 
67622  67476 
66752  66609 


59285 
60223 


454.69127 

46  4.60069 

474 

48  4.61891 

494.62773  62918 


594435960059767 


60378 


60632 


6099061141  61292614436159361742 


62039 


62187 
63063 


62334 
63207 


60685 
61593 
62481 
63351 


69913 
60838 


62481  62627 
63494 


500.66466 
61  0.65620 


66324 
65481 


66182 


66041 


66900  65760 


62  0.647916465564519 


65342  65204  66066  64928 


0.63978  63846  63711 
0.63181 


64383 
63578 


64248  64113 
63445  63313 


63779 
64622 


63060  62919  62789  62659  62529 


504.63637 

614.64483 

62  4.65312  65448 

53  4.66125(66268 

544 


63921 
64761 


64062 


64203 


64343 


6489965037  65175 


65684  65720  66855  65990 

66392  66526  66658  66790 

66922  67053  67184  67314  67444  67574 


0.62400J62271  62142 


580 


0.61632 
0.60879 
.60140 


61506 
6075560631 


62014  61887  61759 


60018 


590.594146929469176 


61380  61264161129  61004 


554.6770367832  67961 


6808968216 


68344 


59897 


60508  60386 

59775'59654695^ 

59066|58937 


60262 
695^ 
68818 


4.68471 
4.69224  69348 
4.69963 
4.70689 


68697  68723  68849  68974  69099 


69472 


69696  69718 


70086 


7020670328 


69841 
7044970569 


70809  70928  71047|71166  71285 


.^.v 
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TADLE  XXin. 
To  find  the  Latitude  by  two  Altitudes  of  the  Surt. 


riALK  EtA]t>SED.  TIME. 


1  HOUR. 


M 1      0'' 


00.587U<)5ddd5'6846d 
1  0.67999  67884|67768 


40.57310  67196 


0.66693666221 


0.65966 


66866 


0.5631166203 


60.64666 
70.54031 
80.63406 


90.627916269052689 


10  0.62186  62086  61986  61886  51787  61688 

11  0.51689  61491  61393  6129'!  51197  51099 

12  0.61002  60905  60808  6071 1  50615  60619 
130.60423  60327  6023260137  50042  49947 
140. 49852  49768  49664  49670  49477  49383 


150.4929Q  49197  49104 


0 

0.48189 

0.4766047661 

0.4711947031 


20 
21 

22 
23 
24 


46422  46335 


45907 


46822  45737 


46662 


0.46695 

0.46078  46992 

0.46667 

0.46064  44981  44898  4481.'(|44732|44649 

0 .44667  44486  44403  44321  44239  44168 


35 
36 
37 
38 
39 


40 
41 
42 
43 


45 
46 
47 
43 

49 


54669 
63926 
53303 


48736  48644  48553  48462  48371  48280 


48099 


0.36429 
0.36047 
0.34669 
0.34296 
0.33926 


53 
64 


0. 
0.32134132076 


3178713172931672  31614  31667 
31272 


650. 

660. 

67  0.31103 

48  0.30766^0710 

000 


10"  I  20" 


67083 
56409 
56747 

56096 


6446364347  64242 


63822 
63200 


48009 
47473 


46508 
46992 
46483 


46399  46315  45231  45147 


43673 

43432  43363  43273  431 94 

431 14  43036  42956  42878  42799  42721 

42664  42486  42409  42331  42264 

42099  42022  41946  41869  41792 


25  0 .  44077  43996  439 1 6  43834|43763 

260.4369243612 

270. 

28  0.42642 

290.42176 


0.3740637338137270 
0.37001 
0.36602 
0.3620686141 
0.36816  36761 


36366 
34984 
34607 


60  0 .  33669  33499  33438  33378 
510.331973313733078  33018 
620 


30^ 

58348 
67653 
56970 
56298 
66637 

54987 


53718 
53098 
62487 


46944  46866 


0.41716 

0.41261  41186141111  41036)40961 

0.40812  40738 

0.40368  40296 

0.39930  39867 


40222 
39785 


0.39497139425 

0. 

0.38646|38675|38606 

0.38227 

0 .  37814  37745  37677  37609  37641 


39364 
39069  38998138927  38866 
38436 


3693436867 
3663636469 


36076 
36687 


36302 
34921 
34644 


3386433803  33742 


31443  3136631329 
3104680990 
80666 
304331^378  903S3  30268  50213 


57539 


56867  66745 

56187 

56628 

54aao 


49012 


47919 
47384 


48920 
48371 
47829 


41640|41664  41488|41412  41337 

40887 

4O664|4O690|40616  40442 


380893802037961 


36801 
36403 
3601 


34233  34172  341 10  34048 


32968  32899 
32839  32780  32720|32661  32602  32643 
32486  32426  32367  32309  32260l32l92 


32018  3196031902 


40^^  i  50^^ 
682321581 15 


57424 


53614  53510 
52995  52893 


52387 


J2286 


48828 
48280 
47740 


4729647207 
16769  46682 


4624946163 


4014940076 


39713  39641 


39282  39211 
38786 
38366 


372033713637068 


36338 
36946 


36622  3666836494 


36238  36174  36111 
348683479634732 
344823442034367 


33681 


33318 


30984  30878 

3069980644  30488 

30168 


40003 
39669 


39140 
3878638716 


38297 
37882 
37473 


36734  36668 


36272 
36881 


33987 
33620 


33267 


31844 


31600 

3121631169 

30822 


Mibiytt  hmK. 


M 


04.71403  7162071638 
4.72104  72219'72335 
4.727937290773020 
4.7347073582173694 

4  4.74137  7424774366 

5 
6 


4.74792  74900175008 
4.75437il564475660 


4.76072 
8  4.76697 


9 


1014.77917  78017 
114.78614  78612 

5  4.79101 

J4.796B0 


12 
13 
14  4.80251 


15 


4.80813 


16  4.81367 


17 


18  4.824638264282630 


19 


4.82984  8307283159 


20  4.83508 

21 

2214.84636 


4 
4.86636 


26  4.86026 


28  4.87461 


29 


36 


49 


0" 


lO'^ 


1  HOUK ' 

i(y^    30"  I  «K'    5o^ 


7176571371 


7246072664  72679 


73133 
73806 


74466  74576  74684 


4.77312 


4.8191482004 


83595 
4.8402684111 


846208470484788 


8486684451 

84872  84966 

85039  86122  86206  86288  86871  8M64 

86700186782  86864  86946 


4.86611 
4.8698987068 


4.87927 


88463 


30  4.88387 
314.8884288917 
32  4.89291 
88  4.89736 
844.9017890246 


88 
894.92289 


40  4.92698 

41  4.93102|93169 
4.93601 

43  4.93897 
444. 


604.96644 
614.96906 
6214.97264 
97$18 

64|4 


78117 
78710 


79198 
79776 
80345 


80906 
81469 


80999 
81560 


82094  82184  82274  82868 


83681 
84196 


85618 


86108 
86691 


86188 

86671 

87147 
8768987617 
88004  88081  88168  88SS4|888I  1 


8868988616  88691 


88992  89067  89142  89216 

89866  89489  89613  89587  89661 

89881 89964  900S7  90100 

90818  908909046290634 


90678 


90749 


.90606 
36|4.91084j91106|9n76 
87  4.91467 
4.91876 


98668  98634 

9396294027 

942879436294416 


96182 


46  4 .  94674  94738|94801 

46  4.96066 

47  4.9648496496 

48  4.96808 
4.96178 


97677 


6614.983169837498431 
6614.9869098717 


751 

75756 


1676223  76330 
76861  76967 


7617776281  76386(76489  76598 

76800l76903 

7741377614 


7700677108  77210 


77616 


78217 


7880978906 


78316  78416 
_ 79004 

79296l79392[79488  79584 

8006180156 

80533806^6130720 


79871 79966 
80439 


81091  81183  81S76 


86269  86860  86430 
86760  86880  86909 
8722687304  87382 
87694  87772  87849 


91628  91697 


91247  91317 


92868  92426 


9276692833 
93236 


9687096981 


9628996300  96361 


96966 


9732397883 


97736 


97969  98027  98086  98143  98201 


674.9900099067  991 

68  4 .  99337  99393  99448  99604199669  99616 

69  4 .  99670|99726|99780)99886i99890:99946 


81641 
82184 
82719 


81732  81823 


82808  82896 
83247  83334  83421 


83768 
84281 


90821 
91247 
91667 


9194692014  9208892152192221 


73246  78358 
78916  74027 


77716 


71988 


77817 


83854 


83940 


88766 


90892  90963 


91887 


917ST  91806 


92494  92662,-92630 


9290092968 


98036 


933029986998436 
937009376693831 
940929416794222 
944819454694609 


9486694929(94092 

9624696306195371 

96669  96621  95683|95746 


969939606596116 


96422  96483 


9672696786  96846 


97026  97086  97145  97204 


97442  9760197660 
97794  97853  97911 


98269  I 


98489  98546^98603 

98774  98831  98887  98944 

13  99169  9922599281 


^^.v 
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HAtF  ELAPSlto  TtME. 
2  HOUJIS.  ■ 


-WESnTTESuT 


w 


"ST     0^^ 


1  HOURS. 


M 


OlO.SOiiTd  30048 


-p- 


20" 


30^ 


40"  (  50" 


10"  I  20" 


30" 


40" 


50" 


0.29776  29723 
0.29453  2940029346 


29994  29939  29886^9831 


29668 


296142956129507 
29293  29239  29186 


29080  29027  28Sr74  28921 


30.29133 
0.28816  28764  287M 


28659 


28869 
28607  28564 


06. '00000  0O06d|0aiO9 
15.4)0327  003611 


00164(00218 


00272 


10054200596 
S|d.4KI650i00708'00?67  00810(00864  00917 


83.00970 

4  5 .01287  01339  01392|01444{01496 


0102301076 


01129  01182 


01234 
01549 


50.28d0)e 


28450 


0.28191)28140 
0.278 
0.27579127529 
0.27277  27227 


28398 
28089 
27782 
27478 
27177 


2834628295  28243 
28037  2798627935 
277812768027630 
27428  27378  27327 
27127  27078  27028 


6l5.0ieO]|01668i01706  01757  01808 

6 

7 

8 


6  .O1912|O1968|0S014i02066 
6 


02117 


01860 
02168 


02219  02270  02321  02372  024S3  02473 


5 .02624  02574  02625  02676  02725  02776 
9  5 .02826  02876  02926  02976  03026  03075 


10  0.26978  26929 

10.26682 
12  0.26389 
0.26099 


26830 
26633  2658426535 


13 
140.25811 


26781 

26487 

2624426195 

260032595626907 


26879 
26584 
26292 


26341 
26051 
26763126716 


25479 


26432 


25385 


0.25526 
0.26244  26197 
0.2496424918  2487224825 
0.24687  24641 


251502510425057 


26011  I  16 
24779  247^  1  175.06t39|05l86|0623] 
24596|24660|24604  24458  I  IB  6 


190. 24413  24367  24322  24276  24231  24186 


20*0. 24141 

210. 

220. 

230 

240.23078 


240962406124006 


2387123827  23782 
236062366023516 
2334023296 


23738 

23472 

2326323209 


23035  22941  22948  22906  22862 


25668 


25621 


26731 
26438 
261*7 
26869 
25673 


106.03126 


11 


6.03421 


0317403224 

03470  03619 

03811 

04004|04062l04100 

0429204340)04387 


125.03714|037(2 

135 

146. 


0327303322 
03668  03616 
03859  0390t 
04148  04196 
0443504482 


03372 
03665 
03956 
4244 
04630 


25338 


25291  I  16  6.045770462404671  04718|04765 
6.04869  049»6  04953 


04812 


23961 
23693 
23428 


23916 
23649 
23384r 


23166  23122 


19 


0499906046  05092 

06278  0532405370 

06416|05462  05508  06663  05699  05645 


6 .06690  05786  05781  06827  06872 


05917 


20  6.06962  06007  06062  06097  06142 


21 


06187 


6.06lK32|06276|06321  06366|06410  06464 
06719 
06981 
07241 


06675 


22  5 .  06498  06543  06587  06631 

23  6.06763  06807  06860  06894  06938 

24  5 .07026  07068  071 12  07165  07198 


250. 
260, 


22819 
22661 
22306 


22776  22732 


22690  22647  22604 


22661  22619 


2247622433 


22264  2222222180 
21970  21928 
2172021679 


270 

28!0. 22054  22012  21970 

2910.21863)21762 


22391  22349 
22138  22096 
21846 


26  6 .07284|07S28|0787l[07413|07466 
266.07642  07684 


07499 
07627|07670|07712!07754 


21928  21887 
21638 


21696 


27 
28 
29  5.08300)0834l|08383|08424|08466 


5 .07797  07839i07881  07923  07965  08007 

5 .08049|0809l|08133|08n5|08216  08258 

08507 


30 
31 
32,0 
33  0 
340 


0.21666  21514  21473  21432  21391 


0.213092126921228 


21187  21147 


21350 
21106 


SO  6 .  08548  08589  08630  08671  08712 


31 


21066  21026  20986  20946  20905  20864 


5.067940883408875  08916 


20824 
20686 


20784  20744  20704  20666  20626 


2054620606 


20466 


20427  20387 


346.09518  09558 


09118 
09359 
09597 


09158 


08966 


326.09037  09078 

33(6.09279  09319  09359  09399(09438 


08753 
08997 


09198  09239 


09637  09676 


09478 
09716 


208092026920230 


0.20348 

0.2011320074(20035  19996 

0.1968019841 

0:19649 

0.1942019382 


20191  20152 


19803 
19572 
19344 


19967 
19764  19726 
19634 19496 


19306 


19269 


19919 
19687 
19468 
19231 


36  5.09766  09794  09834  09873  09912  09951 

36  5.09990 10029  10068  10107  10146  10184 

37  6. 10223  10262  10300  10939  10377  10416 

38  6. 10464 10492  10631  10569  10607  10645 
39|6. 10683  10721 10759  10797  10884  10872 


40i0. 19193 


41 


0.1896818931 


1916619118 


18894 18857 


420.187461870918672 
430.186261848818451 
44(0.18306182691823318197 


19081 
18857 
18636 
18416 


18636 18698 


1904319006 
1882018783 
18661 


405.1091010947 


18378  18342 


41 

426 
436.1]678[11616 


6.11136 
11367 


10986 


11022 


11172 
11394 


1120911246 


18161 


18126 


446.11797 


1431 
11662 


1183411870 


11468 
11688 
11906 


11060 
11283 
1160!i 
11725 
11942 


11097 
11320 
11542 
11761 
11978 


17981 


450.180891806318017 
46l0.T7874  17838  17802 
4710. 17660 17626 17690 17664 
0.174491741417379 


17946 


48 

49'0. 17239(17206 


17767(17731 

17619 

17344(17309 


1717017136 


17101 


17909 
17696 
17484 
17274 
17066 


46  5.1201412060 


46 
486 


12229 
12443 
12664 


12265 
12478 


12086 
12301 
12613 


12122 
12336 
12649 


12158 
12372 


12194 
12407 


406.1286412898' 


12689  12724 


1275912794' 


1268412619 

'12829 


12933 


12968 


13002;  13037 


60(0.1703216997 


61 


0.168261679216768 


1^963  169S8 
16723 


620.1662216688166641662016487 
63(0.164191638616362 


16894  16860 
16690  16656 
16463 


64i0. 16219 


16186 


16152 


1631916285 


16119 


16086 


16262 
16063 


606 
61 
-62 
636 
I  646 


13071 
13277 
13481 


13684  13717 
13884 13917 


13106 13140 13175 

13311,13346 

13516 


13380 13413 


13549  13683 


13761 
13961 


13784  13818 
13984 


13209 
13413 
1361$ 
13818 
14017 


13243 
13447 
13660 
13851  , 
14060 


660.1602015987 
660. 16823 16790|l6768 
0.16627 


67 

68  p.  16434 


16964(15921  15888 

16726 15692 

16696116663  16530 15498 


69( 


10.16242 


1640216370 
1621016178 


15338 
16146 


15306 
16116 


16856 
15660 
16466 
16274 
15083 


66 

66 

6716, 

68 

59(5 


14083 


14116 


14280 143131 


14476 
14669 
14861 


14608 
14701 


14149 
14345 
14640 
14733 


14182  14215 


14378 
14573 


14411 
14606 


14765 14797 


14893114926  14957 


14988 


14247 
14443 
14637 
14829 
16020 


^^.v 


i:0  TABLE  XXm. 

To  find  the  LatiMe  fay  two  Altitudes  of  the  Son. 


PLAt^  feLAPS^IO  TIME. 


MIDDtE  tVMfi. 


TH5m®: 


3  HOURS. 


0" 


10" 


»"  I  30" 


40" 


60" 


M 


0" 


10" 


20" 


30" 


40" 


50" 


160X014988 


00.15061 

10.1486314832 

20.1467614646 

30.144901446014429 

40.1430714276 


14967 14926 


14800 
14614 


14769 
14683 
14398 


14246142161418614166 


14894 


14738  14707 


06.16061 

1 


15083 


14662 
14368 


14521 
14337 


6.1524015271 
26.1642715468 
36.15613 
4  6.15796 


15115 
15303 
15489 

15643  16674 

15827 


15146 


15177 15209 


153341536515396 


15520 

15706 

15857  15888 


15551 
15735 
15918 


15582 
15766 
16948 


1573515766 


60. 
60. 


14124 14094  14064 
13944 13914  13884 


14034 14004 13974 
138541382413794 


0.13765 

0.13687 

90.13411 


13735  13705 


13658 


13528 


1338213353 


13676 
13499 
13324  13296 


13646 
1347013441 


13617 
13441 
13266 


5.1597916009 
5.1615916189 

75.16338 

8  5.16516 
5.16692 


16368 
16545 
16721 


16039 
16219 
16398 
16575 
16750 


16069 
16249 
16427 


16099 
16279 


16129 
16309 


1645716486 


166041663316662 


16779 


16808 


16837 


1010.132371320813179 
110.130641303513007 
120.12893 
130.12723 

0.1255412526 


12864  13836 
12695 1266C 


1315013121 
12978 


H 
150 


12499 


12808 
12638 
12471 


13093 

1295012921 

12751 

12582 


105.16866 


16895 


15.1703917068 


12779 
12610 
1244312415 


5.1721017239 

5.17380 

5.17549 


17408 
17577 


16924 
17096 
17267 
17437 
17604 17632 


16955|16982  17010 
17182 


1712517153 


17295 
17465  17493 


17324 
17493 
17660 


17352 
17521 
17683 


170 


12387 
0.12222 
.12058 
0.11895 


12360 12332il2305 


1219512167 

12031 

11868 


190.1173411708 


12004 
11842 
11681 


200 


. 11675 
0.11416 

.11259 
23|0. 11104 
240.10950 


12140 
11977 
11815 
11654 


12277 
12113 
11949 
11788 
11628 


12249 
12086 
11922 
11761 
11601 


17716 
17881 
18045 


17743 
17908 
18072 


18208  18235 


5.18369 


18395 


17771 
17936 
18099 
18261 
18422 


17798 

17963|l7990|l8O18 
1815418181 


18126 
18288 
18449 


17826 
17990 
18154 
18315 


17854 
18018 
18181 
18342 


1847618602 


21 

220 


1154811532  11496 
11390  11364|11338 
1120711181 


11233 
11078 
10924 


11052 
10899 


11027 


11469 
113121 
11166 
11001 


10873 10848 


11443 
1285 
11130 
10975 
10822 


20 
21 
225 


18528 
18687 


18655 
18713 


1884418870 


236.1899919025 


18581 
18739 
18896 
19051 


18608  18634118660 
18766  18791 18818 
16922  18947118973 
19076 


24 


5.19153 


19179 


19^04 19230 


19102 19J28 


19265 


19281 


250 

26 
27 
28 

29 


10797 
0.10646 
0.10496 
0.10347 
0.10199 


10772 
10620 
10471 
10322 


10746 
10595 
10446 
10298 


10175  10161 


10721 
10570 
10421 
10273 
10126 


10696 


10671 


10545  10520 


10396 
10248 
10102 


10371 
10224 
10078 


19306 
19457 
19607 
19766 


19331 
19483 
19632 
19781 


19357 
19608 


19382 
19633 


19667 19682 


296.1990419928 


19805 
19952 


19407 
19568 
19707 


19432 
19683 
19732 


198301986519879 


19977 


20001 


20025 


0.10053 

0.09909 

0.0976509741 
330.0962309599 
340.09482 


10029  10005 


09886 
09741 
09599 
09469 


09861 
09718 
09576 
09435 


09981 
09837 
0969409670(09647 
09562  09529109506 


09957  09933 
09813  09789 


305.2005020074 


20098 


20122  20146 


31 


6.2019420218 


2024220266 


20170 


2029020314 


32  6.20338 


20362 


09412 


09389  09366 


345 


120627 
.2062112064420668 


20386204092043320466 


335.2048020504 


20661 
20691 


2067420597 
2071420737 


36  0.0934309319 
360.09204)09181 


09296 
09158 


370.09067  09044  09022 

38  0.089810890908886 

39  0. 


092730925009227 
09136  0911309090 


08999 


08977  08954 


088640884208819 
08797  08775  08752  08730  08708  08686 


5.20760|20784 

5 

5.2103621059 

6.21172 

6.2130621328 


20807 
20946 


2083012085320876 


20967 


2099021013 


2108121104  2112621149 


2119421217 
21351 


21239 


2126121284 


213732139521417 


400.0866408641 

410.08531 

420.08401 

430.08271 

440.08143 


08510 
08379 


08619 
08488 
08357 


085970857508553 


406.2143921462 


21484  21506 


08466 


08444 


08422 


083360831408293 

082070818508164 

08100  08079  08068  08036 


0825008228 
08121 


6.2157221593 
5.2170221724 
6.21832J21863 


21616 
21746 


44  6.2196021982 


21528  21660 
2166921681 
2178921810 
2191821939 

22024  2204622067 


21637 
21767 


21875  21896 
22003 


46  0.0801607994  07973 


46 


0.07889 


490.07618 


07868 
07744 
07620 
07498 


47  0 .  07766  07744  07723 

48  0.0764107620 


07848 
07723 
07600 
07478 


07952  0793107910 
078270780607786 


465.2208822109 


22130  22161 


0770307682 


07661 


07600  07579  07559  07539 
07458  0743707417 


22214  22235  22256  22276 


2233822369 


2217222193 
2229722318 


486.2246222483 


22380  22400  22421  2244S 
22503  22624  2254422564 


49 


6.22585  22605 


22626  22645 


2266622686 


07357 


500.07397 

610.0727707257  07237 
62  0.07158 
0.0704007021 


07377 
07257 
07138 


07317 


63 
640 


07119 
07001 


07337 
07217 
070990707907060 
06982  06962  06943 


07297 
07197  07178 


605 


06923  06904  06885  06866  06846  06827 


22726 
22846 
22945  22965 
2306323082 
5416.2318023199 


.22706 
5.22826 
5 
5. 


22746 
22866 
22984 
23102 
23218 


227662278622806 
22886  22906  2S925 
23004  2302423043 


23121 


23141  23160 


23237  2326723276 


56  0 .  06808  06789  06770  06751 
66  0.0669306674 


06731  06712 


57  0.0658006561 
68  0.06468106449 
59|0.06357i06338 


06666 
06543 
06431 
06320 


0663706618  06599 
065240650606487 
064120639406375 
06302|06283  06265 


^3296  23314 
565.2341023429 
2352323542 


23333  23362  23372  23391 
2344723466  23486  23504 
23560  23579  23598  23616 


68  6 .  23636  23664  23672  23691  23709  237^ 
59I5. 23746  237652378323801  23820l23G38  I 
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TABLE  XXIIL 
To  find  the  Latitude  by  two  Altkudes  of  the  Smi. 


Idl 


HALF  ELAPSED  TIME. 


MiDbtE  mm. 


4  HOURS. 


ir 


4  JUOURS. 


-w 


i(y' 


20" 


30" 


40" 


50" 


M       0"        10"  I  20"     30"  I  40"  I  60" 


00.06247  0622906211 


0.06138 

0.06030 

30.06924 

0.05818 


0612006102 
06012  0699505977 
06906  05888 
05801 


0617406156 
0608406066  06048 


06192 
06084 
05977 
05871 


05969 
05853 


05941 
05836 


5.23856 


2387 
6.23965  23983|24001 
6.24073 


92  239U  23929 


0678305766 


05743  05731 


S5. 24179 
45.24286 


24091  24108 
24197 


24302 


24216  24232  24250  24267 


2432024337 


24019 
24126 


24037 


2414424162 


2436624372 


23947 
24065 


6  0.06714 
6  0.05610 
70.05508 
80.05407 
9  0.05306 


05696  06679 
05593  05576 
06491  05474 


05390 


05373 


0529005273 


06662 
05569 
06457 
05356 
05257 


05645 
05542 


05627 
05525 


0544005423 
0534005323 
0524003224 


5.24389  24407 
5.24493  24510 
5.24595 
5.24696 
5.24797 


24612 
24713 
24813 


24424 
24627 
24629 
24730 


24441 


24468 


24644  24Q61 
24646  24663 
24747  24763 


24476 
24678 
24680 
24780 


24830  24846  24863  24879 


05191 


0517405158 


0.06207 

0.05109  05093 

0.0501'.:  04996  04980 

0 .  (H916  04900  04884  04868 

0.04821 


06142 


04805 


05077 
04980 
04884 
04789 


06060 
04964 


05126 
0504405028 
04932 
04837 


04948 
04852 


04774  04758  04743 


)  6.24896  24912 
15.2499426010 
e 5.25091 

136.26187 

146.25282 


24929 
26026 


24946  24961 
2604326049 


25107 
26203 
25298 


24978 
26078 


2512325139  2516525171 


26219 
25314 


2523525251 


26266 


25329  26346  25360 


0.04727 

0.04634 

17!n  04542 

18(0.04461 


19  0.04361104346 


04711 
04619 
04527 
04436 


04696 
04603 
04612 
04421 
04332 


04680 
04588 
04496 
04406 


04665 
04573 
04481 


04649 
04657 
04466 


04391  04376 


04317  04302 


04287 


25392 

25484 

25576 

25652  25667 


5.25376 
6.25469 


5  26561 

6 

6.25742 


25757 


25407 
26500 
25691 
25682 
25771 


25423  26438 


25516 
26607 
26697 
26786 


26464 
25630  25546 
26622  26637 


25712 
25801 


25727 
25816 


0.04272 
0.04185 
0.04098 
0.04012 
0.03927 


04258 
04170 
04083 
03998 
03913 


290 


0.03843 
0.03760 
0.03678  03665 
0.03597 
.03517 


03829 
03747 


03584 
03504 


0424304228 


04156 


04141 


0406904055 


0421404199 
04127  04112 


20  5.26831 


03983 
03899 


04040 


03969 
03885 


04026 


0395503941 
03871  03857 


5.26918 
6.26005 
6.26091 


26845 
26933 
26020 


26860 
25947 
26034 


25875  25889 


25962 
26048 


25976 


2606326077 


24  5.26176 


26105  26120  26134  26148  26162 
26190  26204  26218  26232  26246 


038150380203788 


03733 
03651 


03774 

03692 

03624  03611 


0371503706 
03638 


25  6.26260 


03671 03557  03544  03531 


03491 


03478 


03465  03452 


5.26343 
5.26425 
5.26606 
5.26586 


2627426288 
26356  26370 


263012631526329 


26438 
26519 
26599 


26462 
26532 
26612 


2638426397 
2646626479 
26646  26569 


26625 


26638 


25904 
25991 


26411 
26492 
26572 
26661 


30 
31 

32 
33 
340 


0.03438 
0.0336003348 
0.03283 
0.03207  03195 
0313203120 


03423 
03348 
03271 


03412 
03335 


03399 


03386  03373 


033220330903296 
03258  03245  03233  03220 
03167  03146 


03182 
03107 


03170 


030950308303070 


26678 
26756 


5.26665 
6.26743 
5.26820 
6.26896 
5.2697126983 


26691 
26768 


2670426717 


26832  26845 


26781  26794 


26908 


26921 
26996 


26868 
26933 
27008 


26730 
26807 
26883 
26958 
2702027038 


26870 
2693326946 


03068 
02986 
02913 


03046 
02973 
02901 


0303403021 


38  0.0284102829 
390.02771 


02961 
02889 
02818 


02759  02748 


03009  02997 

02937  02925 

02865  02853 

02806  02794  02783 


0294902937)02926 

02877 

02806 

02736 


0272402713 


40|0 
41 
42 
43 


02701 
02633 
02565 


02690 
02622 


02678 


02667 


02656 


026100259902588 


44 


0.02499  02488 
0.02433 


02564  02543  02532  02521 


02477 
0242202411 


02466 
02400 


02644 
02577 
02510 


02466  02444 
02390  02379 


355.27045  27057 
5.2711827130 
5.27190 

88  5.27262 

395.27332 


270^9 
27142 


2708227094 


27202 


27164 


27166 


2721427226  27238 


6.27538 
5.27604  27615 


445.27670 


27274  27286  27297  27309 
27344  27366  27367  27379 


27106 
27178 
27260 
27320 
27390 


27402  27413  27425  27436  27447 


2747027481 


27549 
27615 
27681 


27493 
27560 
27626 


2760427615 
27571  27582 
27637  27648 


27469 
27626 
27593 
27669 


2769227703  2771327724 


45 
46 
47 
48 
490 


0.02368|02357  02347 
0 


02336 


02326 


02315 


02304  02294  02283  02273  02262  02252 


46  5.27735 


0.0224102231 
0 


02221 


022100220002190 


02179  02]  69  02159  02149  02139  02128 


02118 


02108 


02098  02088  02078  02068 


5.27799 
5.27862 
5.27924 
5.27985 


27746 
27809 
27872 
27934 
27995 


27756 
27820 


27767 


27777 


27830  27841 


2788227893  27903 


27788 
27861 
27913 


27944279642796427975 


28005 


28015  28025 


28035 


500.02068 


61 
62 
630. 
64 


02048  02038  02028  02018  02009 


01999  01989 
0194001931 


01979 


01969 


01883 
01826 


01921019120190201892 
01873  01 864  01854  01846  01836 


01817  01808 


01798 


0196001950 
0190201892 
0184601836 
01789  01780 


50 
51 
62 
53 
645 


5.28045 
5.28104  28114 
6JS8163 

5.282202823028239 
28277 


28055 
28114 
28172 
28230 
28286 


28066 

28124 
28182 


28075  28085 


28134 
28191 
28249 


2829628305 


28094 

28153 

2820128211 

28267 


28143 
28201 
28268 


2831428323 


01771  01761  01752017430173401725 

()1716  01707  01698  01689  01680  01671 

.01662  01653  01644  01636  01627  01618 

0.01^09  01600  01591 01683  01674|0166A 

69  0.01657i01548|0i540  Ol53lJoia^3|01514 


5.28332 
6.28387 
5.28441 
6 


28396  2840628414  28423128432  I 


5915.28546 


28342 
28396 
28450 
28503 
28555 


2836128360  28369 


28378 


28494  28503 


2846928468 


28612 
28663 


28476 


2852028529 


28485 
28538 


28572  28580[28589 


152  TABLE  XXHE 

To  fioi^tfie  L«iitari»l9  tvro  Akftoiin  of  the  Son* 


HALF  ttjJ^m  tlAlE. 
THSORS^ 


-w 


10"  I  30"  I  40" 


iAibf^t  IVMS. 


M|    (y 


6  riouks. 

35^ 


IM|     0" 
0 

1 


60" 


10" 


20" 


40"  i  bfyf 


0.0150601497  01489014800147201464 
0 .01465  01447  01439  01430;01422|(K1414 
0.01406  01998  0139001381 


2 

30.01357|01349|0134101S330f326 
40. 0131001302  0129401286 


0137801365 

01317 

01278  01271 


2861412862328631 
28664128673  28681 


28639 
28689 


5|0.01263i9i2id|oi247;012400}232{01224 
610 


0  5.28697|28606 

1|5. 28648  28666 

2  6.28697  28705  28713!28722|28730|287S8 

36.28746  28764 

4'5. 28793  28801 


28762128770  28778  28786 
28809'28817  28825  28832 


8 

9|0. 01084101077  01070 


01217  01209  0l202|0n94 
01172  01164  0115701 


150 

On28|01l20|0111d<01166 
01063 


01187 
0114201 


01179 
135 


0109901091 
0105601049 


5.28840 
5.28886 
5.28931 
5.28975 
5.2901929026 


28848  28856:2886328871  28879 
28894  28901  28909  28916  28924 


28939 
28983 


28946  28953  28961 128968 
28990|28997  29004  29012 
29D33|29040  29047  29054 


.<  01035  01028 


0.01 
0.0 
12  0 .  00960  00963100946 
0.00920  0O913 


00993 


00987 


0098000973 


13 

140.00881)00874 


00907 
00868 


01021 
00980 
00940 
00900 
00862 


0101401007 


00966 


0093300926 

009000089400887 

0085600849 


5.29061 
5.29103 
5  29143 
6.29183 
6.29222 


29068 
29110 


29075!i 
29116129123291301 


29082  29089] 


►29096 
P9157 

29150  29157|29163|29170p9177 
29190{29196|29203  29209  29216 
29248  29254 


29229 


29236129241 


160.00843  00636 


0.00805  007^ 
0.00769 ( 


0083000824 


0076 


180.00733 


00787 
00761 


00728  00722  0071C  00710 


0081800811 
00781  00776 
0074500739 


0.00699  00698  0O687 


0068200676 


00704 
00670 


5.29260 

5.29298 

5 

5.29370 

5.29404  29410 


29267  23573i29279  29285  29292 


29304 
29340 
29376 


29334  2934029346 


2931629322 


193101 

29362 
2938 1;2< 
29416(29421  |29427l29433 


29328 
29358  29364 
9387)29393  29399 


0.0066500659  00654 

0.00632  00626  00621 

0.00600t00694|o0589 

0. 

0.00538100638  00528 


00648 

00616kM)6IO 

0058400579 


0064300637 

;06<.5 
)0574 


00568  00568  00558  00553  00548  00543 


0052300618 


00513 


29444  29449  29465  29460  29466 


2947729482 


6.29438 

5.29471 

5.29503  29509|29514 

5.29635 

5.29565 


29487 


2954029546 


29570 


29675 


260 

26|0. 00480100475  00470 


00d08|00d04  00499  00494  00489  00484 

00466  0046100456 

00443  00438  00434  00429 


27  0.00462 


00447 
00430 
00394 


0.004250043000416 
8.0039900394  00390 


00412 


0038600382  00377 


00407 


00403 


26 

26 

27 

286 

29 


29493  29498 


29519  29524  29529 
2955029565  29560 


29580  29585 


29590 


5 .  29595  29599 

5 '.  29623  29628  29633^29637  29642 

6.2965129656  29660 

.  29678  29683  29687  29691  29696  29700 
5.29704  29709  29713  29717  29721  29726 


29604  29609  29614  29619 
29647 
29666|29669  29674 


300.0037300369 


31 


00365 


0.003490034500341 


0036100357 


00337 


00333 


32  0.00335|0032l|00317 

33  0 .  00302  00298  00295  0029 1  00287 


0O353 
00329 


00313  0081000306 


34  0 .  00280  00276  00273 


00284 
0026910026600262 


6.29730 
5.29764 
6.29778 
5.29801 
5.29823 


29734 
29758 
29782 


2973829742  29746 


2975829762 
29786 
29806  29808 


29750 


2979029793  29797 
2981229816  29819 
29827  29830  29834  29837  29841 


0.002590025500252 
0.0023900235  00232 
370.00219  00216  00213 
38  0.00200  00197  0019400191 


002490024600242 


00229 


00226 


00222 


002100020700203 


39  0.00183  00180  00177 


0018800185 
001740017100168 


29868  29871 


5.2984429848  29851 

5.29864 

5.29884 

5.29903 

5. 


298872989029893 


2990629909 
29920  2992329926 


40 


0.00166  0OI63|O0160  00157 
00142 


410.0014900147  00144 
420.001340013200129 


43 


0.0012000117  00116 


J40-.00106 

46 


00104  00102 


0015500152 
0018900137 
00127  0012400122 
00118  0011000108 
0009900097  00095 


40  5.29937 


2994029943 


2996429966 


41  5 .29964  29956  29969  29961 

42  5 .  29969  29971  29974  29976 

43  5 .29983  29986  29988  29990  29993 


445.29997 


2999930001 


30004  30006*30006 


46 
47 

480. 
_490 
60 
61 


0.0009800091 


00089 


0.0008100079  00077 


00087  0008600088 


00076 


00074  00072 


0 .00070|00068|00066|00066  00063  00061 
'550005300052 


0 .00060  00068  00056  00055 
Q.0OO5Ote0O49toO047  00046 
0.00041  000400003900037 


0004400043 


5.300103001230014  30016 
5.300223002430026 
5.30033  30036  30037 
5.30043  30045  30047 


49  5 .  30063'30054  30056 


0 .  00088  00082  0003 1  00030|00029|00028 
62  0.00026  00025  00024*00028  00022  00021 
63|0.00020  0001900018 


64  O.000l5'00014|00013 

660. 

66  0 


67  0. 

68  0.O00O2lO0OOt|O000l 
£?!0 -00000|OQ000100000 


00036  00035 


00017  0001700016 
00013|0001200Q11 

00007 


5.30062  30063 
5.30070  30071 
6.3007730078 
5.30083':)0084 
6.30088  30089 


30086 


00010  00010  00009  00008)00008 
00007  00006  00006  00005  00005  00004 
00004  00008  00003  OOOO3I0OOO2  00002 


3009330094 


OOOOllOOOOl 


00001 


ooooo;ooooo|ooooo 


30097 
30100 
30102 


30097 
30100 
30102 


30095 
30098 


65  6.30093 
56  5.30096 
6715.30099 
5815.3010] 
59J5 .30103l30103t30103|30103'3010SJ 


29766  2977029774 


2985429858 


29881 


29874  29878  29881 


29912 
29929 


29896 
29915 
29932 


29900  ) 

29918 

29985 


2994629948 


29951 


29979 


29981 
29995 


30028 
30038 
30048 
30067 


3001830020 
3002930081 


30040 


3005030061 


30059 


30064  3006G 
8007230073 
30079 


30080 
30086 


30067  30068 
3007430075 


30081 
30086 


30090  30090  30091  3009S 


3010030101 


30102 


30102 


30042 


30060 


30088 
30087 


30095  30096 


30098  30099 
30101 


30102 
30108 


TABLE  XXm. 

To  ^vd  the  Ldtirude  l»y  two  Altitodes  of  tlie.Suii. 


LOG.  RISING  OR  VERSED  SINE. 


0  HOUR. 


M 


Inf.Neg. 
8. 
9. 

9.97860 
0. 

0.58066 
0.932frl 
1 
1.18271 


C' 


42230 


33079 
77^*8 


1125022848 
6.501 9'7 1465 
979S0I 

102-1:5,5  06C73 
2J817(2o22.ii28.'J(J2 


1.37603 
1.5348a 
1.66877 
1.78474 
1.88703 


40-)0i4.'J:J68  4ft931 
558r.};!5aiS4  60440 
6B()'20-70917 
802a'7  82019 
90297(9 1JJ62  93;^99 


10''  I  20" 


I 


02456 


30" 


37654162642 


4223050569 


83064 


72869 
83739 


40" 


82024 


88319 


10714  14575 
3166034708 


94909 


60" 


48524  51041 
62639  64784 
74778176646 
8M26 


!6  87080 
96394 


M 


0" 


3.632^i3 
3.54670 


1  HOUR 

10"  f26""~   " 


53482537*21 
54905  55140 


6396964197  54m 


55375 


S  Jie074  5eS06'66537  56767  56997'57226 
3.67456  57663167910  58137,53363'a8539 


3.58814  59038  59262 


5948659708  500.30 


3.00152  60373j605£*3 

3.61469161686 

3.C2766I62980 
3.64O43l04254 
3.65.'302|655 10  65717 


61903 
G319; 
644^5 


60813161032  Gi^l 
62120^623.i61b2.-)51 


6*407 
64676 
65924 


30" 


55608  55841 


40" 


50'^_ 


636-20  iG.^i].V2 
64885|6.'J0Pl 
66131  ICb337 


1.97r..Ti 

2 

2.06131 

2.13687 

2.20638 

2.27073 


992391 

100701  02091 
07437;0fJ723  09991 
l«Wi5!  16066  17232 
2 1714(22836  2391 5:^^1900 
28100129116  30120  31112 


03468  0«05 


11240 


1247a 


1838219517 
26033 
32093 


3.66542  66747 


3.67765 
3.68969 
3.70168 
3.71329 


67967 
69169 


70a5470650|70745 
71523 


2.330C>3  34023t3l972iay.nol:Wn39  37758 
2.3;i667  39667|'U)-457  41339,4221 1  43075 
2.43V<30  44777:45616  •W'l-n!47270  t8085 
2.48893  49693l50486!51 271  520.y),5282| 
2.53586  54344,'.V)096««>5841  5G680l57313 


20 
21 

22 
23 
24 


2.58039 

2i)2274 

2.66312 

2.7017070791 

2.73863 


587591.59474160 18!i 

62960  63641  " 

6696767617 

16171418 

7446475060 


26 

26 
27 
28 
29 


2.77405 
2.80809 
2.84083 
2.87238 
2.90282 


77982 
81363 
84617 
87753 
90779 


91273 


30 
31 
32 

33 
34 


93703M131 


96532 


96994 


3.00032094320983) 


36  3.06590 

36 

3.11406 
3.13718 
3.15969 


07001 


11796 
14097 
1633R 


40j 
41 
'42 
43 
44 


3.18162 
3.20301 
3.22389 
32-1427 
3.26418 


64316 
68262 
72036 
75662 


78556  7912479689 


81914^2461 


8.5148 


88265  88773 


94^6 
97454 


95129  95599 
97912  98367 


2.93223 

2.96067 

2.988209927099719 

8. 

3.1 

3.04077l0450l|04922  053-i2|057eOi0617B 


100164  00600  01049 
01488  01926|02360j02792  03222  03651 


07411  078l9H>a225 


1218412670 


\U15 
16706 


1862218881 
20663121003 


22732 
14762 
26746 


2;J073 


2,5095  2M28 


27071 


3.28363  28683|290Oj 

3.30266 

3.32128 

3.33950 


3057930891 


3.36734  36028 


32434 ,32739  33044  33347 
3425034549  34847 


36321  36613 


50 
61 
62 
63 
M 

66 
66 
57 
68 
691 


3.37482 


37770 


3.39195  39477 
3.40876  41162 


3.4^2.14598646247 

3.47282 

3.4B8I1 

3.503 14J50662 


38067 
39759 
41427 


4031940597 
4197642260 
3.42.522  42794  43064  43334  43603  43871 
3.44138  44406  44670  44935  45199  46462 


4763947796 
4906^149316 


60809 


3J179l|62035l52278|525aOl62701'5300t 


85675 


91765 


10227 


14850 
17072 


19238 
21351 
23tl4 


29320 
31202 


38343 
40039 
41702 


49666 


608^;,'; 
6^^987 
6f{903 
72649 
762.« 


61582 
65652 
69538 
73258 
76825 


83005 
86199 
89279 
92254 


80251 
83516 
86720 
89782 
92739 


10622 


08629 
11915 


12954 13337 


15225 
17457 


19694 

21699 
23753 
25759 


2739627720 


31512 


38628 


466074676647024 


4805048305 


3.72485 
3.7.3625 
3.74750 
3.75860 
3.' 


7267672807 


.76955  77137  77318  77498  77678  778. 


3.78037 


3.791057928279468 


3.801,59 
3.81201 
241  3.62230 


83414 
84416 


83682  83749 


3.83246 

3  84250 

3!&6242«6'106  85670 

3.86223 

3.87192 


3.88160 

3.89097 

3.'K)034|90189 

3.90960 

3.91876 


8830988467 

89254  89411 

90344 

9126' 


91114 
92028 


16697 
17800 


3.92782  92933 

3.93679 

3.9i566 

3.96443 

3.96311 


19949 
22044 
24090 
26089 
28042 


4. 
4.00621 


29637  29952 


31890 
33649 


3514436439  I 
3690337193 


38912 


48668 


49816  60066 


51066151301  61547 


4.01337 


4.02947  03080 
4.0374003871 


4.0607406202 


4.06838 


4.09087 
4.0982:*  09946 
4.105.52 
4.11275 
4.11992112111 


66952 
68168 
69367 


71716  71909  72101 


73813 

74936 


78216 


80334 
81373 


67166 
68369 
69566 


67359 '67562 
68570(iirT70 
69763  09%! 
70910  71 1. '?5 
72293 


74001 
75121 


7604376227 


7.3057 
74189 
75307 
76409 


73247 
7437<1 
7.>i91 
76592 


7a395 


78573 
79634 


78750 
79809 


({0508 
81546 


80682803,5.^ 


82400^82570 


81717 
82739 


81888 
82908 


86385 
87352 


88626 

C9567 
90498 
91420 
9217992331 


93827 
94712 
95688 


93082 
93976 

94859 
957a3 


93976  9412394271 


94712  94859 


96466  96599 


97597 


3.97170 

3.98021 

3.98862i99002|99]4T|99280 

3.996969983499972 


97313 
98162 


97455 
9830298^143198583 


4.0630*06-433  06561 


84682 
86670 
86547 


84743 
85734 
86709 


83917 
84913 
85897 
86870 


85734,35897 


8751387672  87832 


78'. 'J;  J 
799a.5 
8H>28 
8i20.';9 
83077 
84l)8'ir 

rt.on7r» 

i>(ii«j(J 
u7(iJl 
879f»l 


88783  88*^W 


89723 
906.5:5 
9157 
92482 


93232 


93381 


95005 
96878 


95152 
9602,5 


9674296886 


977a" 
9858.^ 
9^19 


00109  00247  0a3R4 
006ff7|0(r794  0093001066  01202 


0147301608 


0174301877  02012 


4/)S146  02280  02414  02547  0268 1 


03212 


03*440*477 


040030413404265 


4.04626  046.56  04786  04916  06O45  051 


0696607091 


06690 
06467 
07217 


05818 


06330  06467  06.58-4 


4.07696  07720  07846  07970  08095  08220 

4.08344108468  08692|08716  08840  089«;4_ 

09578J09701 

10431 

11155 

in73 


0921010933309466 
10067  10188 
1079410915 
11515 


10310 

11035 

116*4111764 


12229  12348112466 


731.% 
74.j(.3 
7i^i7fi 
7G774 
i.5f{ 


89879 
90{:07 
91724 
92632 


935;i0 
94118 
952in 
W167 

97HH() 
9'rr723 
99557 


02tU4 
03f>08 
04395 
75 


0.59'M) 
06711 
0734307469 


^:jiyiLizi3^u  uy  ■" 


^^.v 


54  TABLE  XXni. 

To  fiAd  ih^  Latitude  by  two  Altitudes  ct  th^  Son. 


LOG.  RISING  OB  VERSED  SIN£. 


9  HOURS. 


48  HOURS. 


M I      0"        IC'     20"  I  SCM  40"     60" 


Mi     O''     I  10" 


20" 


SO"  I  4<KM  50" 


4.12702 
4.1S406 
4.14104 
4.14f797 
4.15483 


12820  J2938 


13629 


13055 
13640113756 


14220  14336 


14911 
15697 


15026 
15710 


14451 
15140 

15824 


13172 
13872 
14567 


13289 
13989 
14682 


15255  15369 


15937 


16050 


04 
1 

2 


44 


46747 
47m  47203  47278|47354|47430l 


.46671 
4 

4.47580 
4.48031 

48479 


4682S|46899[4697dt4705l 

7505 

47881  47956 


47781 


47806 


47656 
48106 
48553|4B627|48701 48776148850 


48180  48255  48330  48404 


4:1616316276 

4.16838 

4.17607 

4.18171 

4.f«d29|l8938 


1(S3891650L  16614 


17618 
18281 


6 
7 

a 

_9 
10 

II 

13 
14 

1.5  4.22668 
1614.23290 

17  4.23907 

18  4.24520  24622 

19  4.25128125229 
20 

n 


1695017062 


17729 
18391 
19047 


17173 
17840 
18500 
19166 


17285 


16726 
17396 


17950 18060 


18610 
19265 


18719 
19373 


19595  19698 


4.48924 
4.49366 
4.49806 
4.50243150316 
94.50677 


48998  49071  491454^219  49293 


49440  49513  49586  49660  49733 


4987949952 


50025 
5038850461 


50760  50822  50894  50966  51098 


50098  50170 
50533  50606 


4.19482 

4.20129|20236 

4.20771 

4.21409215 

4.22041 


19806 


19914 


20878 

514 

22146 


20344  2045120558 


20984 


21620  21725 


22250 


21091 


22365 


21197 
21831 
22459 


20022 
20665 
21303 
21936 
22564 


51181 


104.51109 
4.51539 
4.51966 
4.52390J52461 
4:52812 


5125361324  51396 


51467 

516105168151753/51824  51895 

52037  52107  52178  52249  52319 

62531  52601 5267252742 


52882  52952 


53022  53092 


59162 


22772 
23393 
24010 


22876 

23496 

2411 

24723124825 

2583026430 


22980 

23599 

2  24214 


23083 


23187 


237Q2  23805 
2*316 
24926 
25531 


24418 
25027 
25631 


154.53291 

4.53648|53718 
4.54063 
4.54475 
4.54885 


53301 
S3718 
54132 


53371 
53787 
54201 


5454454612 


5496355021 


53440  59510  59579 
53856  59925  59994 
5426954338 
5468054749 
5508955157 


54407 
54817 
55225 


55960  ^428  55496  55569  55630 

55766  55832  55900  55967  56094 

66168|66235|56301  56366  56496 

56767  56894 

57098  5716457290 


4,25731 

4.26330 

>2  4.26924 

23  4.27514 

>  4  4.28099 


26831 
26429 
27023 
2761* 
28197 


25931 
26529 
27121 


26031 
26628 
27220 


26131 
26727 


26231 
26826 


2771027807 


28294 


28391 


27318  27416 
27905  28002 


28487 


28584 


204.55293 
21  4.55698 
224.56101 
234.56501 
244.S690Q|56966 


5^568  56635  $6701 
57032 


>5  4.28681 
i6  4.29267 
27:4.29830 
i8l4.3039« 
39:4.30963 


28777 
29353 
29925 


28873 


3049330587 


3I05C 


28969] 
29544 
30116 
30681 


29066 


294492954429639 


30020  30116 


30209 
30775 


31150 


31243  31337 


29161 
29735 
30304 
30869 
31430 


254.57296 
26 


4.57690 

274.58082 

4.58471 

4.58859 


57362 
57755 
58147 
58536 
58923 


57428 
57821 
58212 
58601 
58988 


5749957559 

5788657951 

58277 

68666 

59052 


58942 
58730 


57625 
58017 
58407 
58794 


59116  59180 


J0!4. 31523 
n '4.32079 
324.32631 

Jl  4.33724 


321713226432366 


31616 
32171 
32723 
33271 
33816 


3170931801 
32356 
32906 


3189431987 


32815 
33362 
33905 


33180  33271  33362  33453  33543  33634 


33995 


32446 
32997 


34086 


32640 
33089 


84175 


4.59244  59308 

4.59627 
32  4.60008 
334.60388 
344.60765 


59372  59496  59600  59564 


596915976559^8 


60072 
60460 


60136  60198 
6051960676 


59882  59»45 


60261 


60924 


6069960701 


60827  60890  60952  61015  61077 


J5;4. 34266  34355 


4.34802 
4.85335 

4.3686d|3595336041 
4.36391 


3489] 
35424 


35612 


35601 

36128 

36478136565  36653 


34444 


34980  3606936168 


34534 


34623 
36168 
35689 
36216 
36740 


34719 
35247 
35777 
3621636304 
36827 


954.61139 


4.6151261574 
4.61883 


61636 
61946  62006 
98|4.62252  62313  62375 
99 


4. 626T9  6268062741 


6120261264 


61326  61988  61450 


61698 
62068 
62436 
62802 


6176061822 
6211^9  62191 
62497  62558 
6266362929 


4.36913 
4.37432 
4.37948 
4.38460 
4.38968 


37000  37087 


37518 
38033 
38645 
39052  39137 


37173 
37604  37690 
98 11938204  38289 


3726037346 


38629  38714 
39221 


97776 
38289 
38799 


37862 
38974 
38884 


404.6298463046  63105  6316669236 


4,69947 


99806  39389 


41 
42 

494.64068 
44  4.64425 


63407 


4.69708^976869828 


69468  69528  63588  6364« 


64127 


641 87  64246  64906  64965 


64484  64544  64609  64662  64721 


69287 


6388863948  64008 


4.39473 
4.3997,') 
4.40474 
4.4096y 
914.41461 


3956' 
40058 
40556 


39641 
40142 


39725 
40226 


4063940722 


410614113341216 


8980839892 
40308  40391 
4080440887 


454.6478064839 


64898 


64957 


66193  65251653106^969 


41543 


41624  41706 


41297 


41379 


41787  41868 


464.65134 

47  4 .  65486  65544|66609|6566 1 

484.65836 

49 


65016  65(n&  f 


65894(65952 


4,66184  66242  66299  66357166415 


66010 


65427 
65777 
66126 
66472 


65719  65777 
66068  66126 


4.41950 
4.42436 
4.42918 
4.43398 
4.43874 


42031 

425IG42597|42677 
42998  43078 


3 
4 

34.44348 

6  4.44818 

7  4.45286 


43477 
43953 


42112)42193 

77 

43158 

43636 

44111 


43567 
44032 


42274  42355 
427^8  42838 
49298  43318 


50  4.6658066588 


43636  43716 
44190 


51  4.66876 
524.67217 
594.67558 
54  4.67897 


66645 


66702 


66760  66817 


66932  66989  67046  67103  67160 


44426  44505  44683  44662  44740 


44896  44974 
4o36.s|4.'>44I 


46052  451 30M 
45dl8|45596M 


B|4.45750l45827[45965|45982l46058|46185 
»4J6212^6289|46365|46442|46518|465Q.-  ' 


55 

56 

57 

58|4 

591 


6727467331 
67616  67672 
6795468010 


67388  67445^502 
67728  6778^»7841 
6n066-6Hl23f68l79 


4.68235  68291 
68627 


4.68671 

4.68906  6}r9(i0 

.69237  69292 

4.(J9o68j6y0iii 


68347ktf403fes469{6S5l5 

6tJ682  68738  68794'68849  I 

69016  69071 169 127  691  a2  ' 

69348  69403169458-69515 

69678f69799j6g788'6984> 


ioogle 


TABLE  XXin. 
To  find  the  LetHttde  by  two  Altitudes  of  the  Sun. 
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LOG.  RISING  OR  V£RS£D  SINE. 


4  HOURS. 


&  HOURS. 


"o^'^  rw 


'Sry  \  ¥)" 


IK 


"IF 


M 


04 


14 
34 


.69897  69952 
7021470X79 
.70550)70604  70658 
4.70874  70928  70982 
.71197,71250 


7000670061.70115 

7033370387170442 

70712'70766 

71089 


71036 
71304  71367 


20" 


71411 


70170 
70496 
70820 
71143 
71464 


50" 


04.86992187034 
'     .87239'87280 


24.87484 
4.87728 


3 
44 


0" 


37525 
87769 


8797185012  88052 


87073 
87321 
87566 
87809 


20"   30'' 


87116 
87362 
87606 
87850 
88093 


40" 


87157 
87402 
87647 
37890 
88133 


87198 
87443 
87688 
87931 
881J3 


60" 


54.7151871571  7162471678 


71731 


71784 


4.7183771890 

74.72165.72208 

4. 7247 1 172523 

4.72785  72838 


71943 


71996 


7226072313 


7204972102 


72576 
72890 


72628 
72942 


72366 
72681 


72418 
72733 


7299473046 


6  4. 88213  88254  88294  88334 

6  4. 88454  88494  88534  88574 

7  4 .  88694  88734  88774  888 1 4 

8  4.38933  88973  89012  89052 
94.89171  89210  89250  89289 


58374 
88614 


88414 
88654 


8885388893 


89091 
89328 


89131 
89368 


104.7309973151 


73203 


7325473306 


4.73410.73462 

4.73720-73772 

13(4.74028174080 

144.74335.74386 


73514  73565 


74742 


164 
17 
18 
194 


7504675096 


15  4.74641174692 
.74945174996 
4.7524717529876348 
4.7564975599 
,7d848!75898 


73823 
74131 


7387473926 
74182  74233 


74437  74488 


73617 
73926 
74233 
74539 


73358 
73668 
73977 
74284 
74690 


104.89407 
11 


89447 
4.89643  89682 
124.89877 
134.9011 
144.90343 


89486 
89721 


89525 
89760 


89916 
90150 
90382 


89955  89994 


90227 
90421  90459 


90188 


75649 


74793 
75096 
75398 
75699 


74844 


74894 


75147  75197 


■z^z 


7539875448 

75748 
76047 


7594876997 


75498 
7579S 
76097 


164.90575 

164.90805 

4.91034 

18  4.91263 

19  4^.91490 


90613 


90652 


90690 


9084390882  90920 


91073 
94301 
91528 


91111 
91339 
91666 


91149 
91377 
91603 


89564 
89799 
90033 
90266 
90498 


89604 
89838 
90072 
90305 
90536 


90728 
90958 
91187 


90767 
90996 
91225 


9141491452 


91641 


91679 


204.76146176196 


^l 

22  4 


7649276542 


7624576296 
76591 


4.76443 
76738  76787 

23  4.77032 

24  4.77325|77373|77422  77470 


6836 
77130 


76885 
77179 


76344 
76640 
76934 
77227 
77519 


76394 
76689 
76983 
77276 
77567 


20jt. 91716191754 
21 


4.91942 
4.92166 
4.92390 
4.92612 


91979 
92203 
92427 
92649 


91792 
92017 
92241 
92464 
92686 


91821' 


91867 


92064  92092 


92278 
92r;0I 
92723 


92315 
92538 
92760 


91904 
92129 
92362 
92575 
92796 


77809 


4 .77616  77664  777 13  7776 1 
4 .77906  77954  780Q2  78060 
4.78194  78242  78S90|78338|78385 
4.78481  78529 


77857 


25  4.92833 


78098  78146 
78433 


7857678624 


S9  4.78767  78814  78861 


78671 
78909  78956 


78T19 
79004 


4.93054 
4.93273 
4.93492 


294.93709 


92870 
93090 
93310 
93528 


92907 
931 27 
•J3346 
93564 


93746  93781 


30)4.79051  790S!8 
3IU.79364  79381 

32  4.79615 

33  4.79896 
4.80173  80221 


79145  79192 


7924079287 


79428 


79475 


79662 
79942 


7970979756  79802 


isj- 


79989 
80267 


80035 
80314 


79522 
79802 
80082 


79568 
79849 
80128 


104.93926 
4.94141 
4.94356 
4.94570 


8036080406 


344.94782 


93962 
94177 
94392 
94605 
94818 


93998  94034 
91213  94249 


94427 
94G41 
94833 


9294-1 
93164 
93382 
93600 
93817 


92980 
93JiOO 
93419 
93637 
93834 


93017 
93237 
93456 
93673 
93890 


91069  94105 


914G3 
94676 
948C8 


94284 
94498 
94712 


94320 
94534 
94747 


9492494969 


80498 


8077580820 


3614.80729 

37  4.81004  81049 

38.4.81277 

3914.8155081595 


80545  80591 


80866 


31095  81141 


8132381368  8141481459 


81641 


81686 


80637  80683 
80912  80958 


81186 


81731 


81232 
81505 
81776 


35  4.94994 
364.95205 
4.95415 
4.95624 
4.95832 


96029 


95063 


96240  96275 
9545096485 


95659 
95867 


9569  i 
95902 


95100 
95310 
95320 
95728 
95936 


93133 
95345 
95553 
95763 
95971 


95170 
95380 
95589 
96798 
96005 


81 866 
82136 
82405 
82672  82716 


8193682001 
82226 
8249-1 
82761 


81911 
82181 
824498249-1 


8289482938 


82982  83026 


83203  83247 


83467  835  H)  83554  83598 


83729 
89990 
84250 


83773 
84034 
84293 


899908403484077 


83291 
83554 
83816 
84077 
84337 


83335 


83860 
84120 
84380 


82046 
82315 
82588 
82350 
83116 
83379" 
83642 
83903 
84164 
84423 


404.96040 
4.96246 
4.96461 
4.96656 
96860 


43 


96074  96109 
96313 
96520 


96280  9631 


96486 
96690 
96894 

97096 
97298 
97499 
97699 
97898 


96143  96177 
96349  96383 
96554 


9669096724 
96927 
97130 
97331 
97532 
97732 
97931 


9726497298 


97665  97699 


A0;4. 84466  84509 
614.84724 

6»4. 


84652 


84595 


84767 


84810  84852 


849818502385066 
85321 
86675 


86108 
85363 


84638 
84896 
85151 
85406 


85617  85669 


85786 
86038 


86828 


85870 


86288[36330|86372  86413  86466 
8649686538186579  86621  86662 
86746i86786|86828|86869 


84681 
84938 
86194 
85448 
85701 


8591285954 


860798612186163  86206 


86704 
86910186961 


4.98063 
4.98261 
4.98457 
634.98653 
644.98848 
654.990421 


96758 
96961 
97163 
97365 
97565 
97765 
97964 


96588 
96792 
96995 

97197 


97398  97432 


97599 
97798 
97997 


98096 
98293 
98490 
98686 


98129 
98326 
98623 
98718 


4.99235; 

4.99428  99460 
684.99619 
6914.99810. 


98880!98913 
199074I99107 
99267i99300 


99651 
99842 


99492 
99683 
99873 


98162 
98369 
98555 
98751 
98945 
99139 
9933! 
99524 


99906 


y(i2l2 
96417 
96622 
96826 
97029 
97231 


97632 
97832 
98030 


98193 
98392 
98688 
98783 
98977 

99171 
99364 
99536 


99715  99747 


99937 


98228 
98426 
98620 
98816 
99010 

99203 
99396 
99587 
99778 
99966 
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TABtE  XXllI. 
To  find  the  Latitude  by  two  Altitudes  of  the  Sun. 


LOG.  RISLNG  OH 


VERSED  3rNE.  "^ 

7  HOURS. 


6  HOURS. 


0" 


0|5. 00000 
15.00189 

2  3.00377  00409 

3  5.00565 

4  5.00751 


0003^ 
00221 


0059G 


00782  bOa  13 


10'/  to"  I  30^'  1  40^' 


00063 
00252 
00440 
00627 


0009500126.00153 


00283 
00471 
00658 


00844,00876  00906 


W 


00315  00.546 
00502  00534 
00689  00720 


M 


Q„      I   iQ/z  I  20^-  J  SQf  I  40-^      50' 


IT.09996 

10141 

10286 

5.J0430 

6.10573 


10021 
10166 
10310 
10454 
10597 


10045|l0069ri0093|l0l  17 
101901021410238  10262 
1033^^  10S5»  10382  10406 
10477  10501  10525  10549 
10626  I0644|l(>668  1069) 


5.00937  00968  O0999lO1030;O106lt01091 


6  5.01128101163 
'/,5. 01306 
86.01490 
9  5.01672 


mi 

01184 
01337  01368 
0152001651 


01703 


01733 


01214'012t6l01276 
01429  01469 
01612:01642 
0179401824 


01398 
01681 
01763 


01864|01884|0]916 
0209; 
02275 
02455 


05. 

J  ;5. 02035 

2  5.02215 

li|5.02374 


02066 
02245 


02395  02425 
02603 


02633J0266 


01945 

02125 
02305 
02484 


01975:02005 
02155J02183 
02335102363 
02ol4'02544 
02692i02722 


!  5,5. 02751  02781 
I  (3-5.02928 
175.03105 
18'5.03280 
I  y'5. 034.15 


02958 
03134 


02811 
02987 
03163 


0^84«;  02870102809 


03310  03339 
03434  03513 


iO.j. 03629  03658 
-r5.03r;02p383l 
i2,5. 03975  04004 
^315.04147  04175 
24i5.043l8  04346 


03687 

0386U 

0403 

04204 

04375 


-5{5. 04488  045 16 
26  5.04657  04686 
2715.04826  04854 
.;};'5. 0499405022 
29!5.05162|05189 
30  5.05328 


31  5. 0549 i 

32  5.05659 
;53|5. 0532.3 
315.0.VJ37 
.i:>!570615O 


05356 
05521 
05686 


S6  5.06312 
37.5.06471 
"i'.jj.  06634 
39  5.06794 


06177 
06339 
06500 
06661 
06321 


105.06954 
4115.07112 
4213.07270 
43>. 07428  074;>i 
07610 


06980 
07139 
O729I 


41 '5. 07584 


4515 


46 
47 

48 
4'.» 

/:0|^ 
51 
.^)2 
5. J 
54 


07740 

.07895 
.080.50 
,08204 
.OC3.J7 


.08509 
.08661 
.08812 
.08962 
.09112 


03017 
03193 
03368 


0.n  1 6103745 


\j\\j 


03542|03571O3H«)O 
O377T 
03946 
04118 
04289 
04V60 


03889 
04061 
04232 
04403 


04545 
04714 
04882 
05050 
0521 


05383 
05549 
05714 

05851  05878 
06014  06041 


06204 
06366 
06527 
06688 
06848 


07007 
07165 
07323 


07766 
07921 
08075 
08229 
08382 


0o53-J 
086-6 
08837 
08987 
09137 


03ai6.03075 
03222|03251 
03397103426 


03918 
04090 
04261 


04573 
04742 
04910 
05078 
06245 


04601 
04770 
0-1938 
03106 


05273 1 05 .300 


05411 
05577 
05741 
05905 
060^9 


05439  ()5  ^6 
05604;05632 
05709  05796 
05933105960 
06096106123 


06231 

06393 

06654 

0671 

06874 


07033 
07192 
07349 


07165  07192 


074S0  07606 
07636  07662 


07792 
07947 
08101 
08255 
08408 


08500 

08711 

0886 

09012 

09162 


0626806286 
06420106447 
06581|066O8 
4  0674106768 
0690106927 


07818 
07973 
08127 
08280 
08433 


04629 
04798 
04966 
05134 


07060107086 
0721807244 
0737607401 
07632  07668 
07688  07714 


07844  07869 


07998 
08162 
08306 


08024 
08178 
08331 


08458  08484 


08686  08610108636 
08736  08762:08787 
08912  08937 


00887 
09037  09062 
09187  09211 


09087 
09236 


615.10716  10739 
6l6.10867iJ088I 


5.109981 
5.11139 
5.11279 


11418 
6.11657 
3.11695 
6.11832  11835 
6.11969  11991 


11022 
11162 
11302 


10763  10786  10810 
109Q4|l092dll0961 
1109! 
11232 
11372 


11046 
11186 
11326 


110691 
112091 
11348  1 


10833 
10973 
11115 
11255 
11395 


114-11 
11680 
11717 


1146411487  11310 


6. 


5. 


33 
34s6 


12103 
12240 
12375 
12509 
12643, 


11603 
11740 

11878 


1J626|1I649 
1176311 1786 
U900lll9t3 


12014*12037  12059 


12127  12150 
12263  12285 


1239 
12532 
1 266. 


1 2554 
1 26 


127761 1 279e  112820 

12908 

1 30401 

13171 

13302 


4^1 


l',12930|1295i 
113062  130:: 

13193!l32l6 
:|l3323|  13345 


1J3J3 
11672 
11309 
119411 
120K2 


1217312195 


12308  123S0  12353 


124421'?i65 


12576 
12709 


12842 
12974 
310G 
13237 
13367 


13432  13453 
13561  13682 
1369013711 
I3818|l38S9 
13943(13967 


i  34751 13496 
13604  13623 
13732i  13754 
1 38601 13882 
13938|  14009 


. 14072 
.14199 
. 14324 
.14449 
. 14574 


14093 
14220 
14345 
14470 
14595 


14114)14136 
1 4241 1 14262 
14366il4387  1 
14491  14312 
14615  14636 


14698 
14821 
14944 
15066 
15188 


147 

14342 
14964 
13087 
13208 


19  14739|  14760 

14862  14883  14903 
14983113005  15026 
13107  13127115147 
1 3228!  1524«|  13269 


153091 15329 


1342U 
13549 
15668 
15787 


.16906 
.16023 


3.1614016139 
16276 
16391 


16487 
16602 
16716 
16330 
169;13 


15449 
13669 
16688 
16807 


16506 
16621 
16736 
16849 
16961 


12218 


lf:487 


12598  12621 
1273^127.54 


2864 
12996 
13128 
13258 
1338?: 


13318] 

13frl7 

1377511 

1390}t 

1403C 


1231.6 
1301U 
13149 
132.';0 
13^110 


135i>9 
13668 
3797 
13924 
14051 


14157  14178 
14232  14305 


4408 
14533 
1465 


14429 
14o53 
144»77 


14780' I43«»l 

14924 

13046 

3163 

152.^9 


15349|l5369|l.^»3 
13469ll5^1S9»15509 
15589^  15609' 1 5629 
16708  167281 157-:^ 
13846  I5i<66 


16827 


16062 
16179 
16295 
16410 


16926  15944  15964  15984 
I6O42J16O62  16081  16101 
16217 


16081 

16314 
16430 


I36?9 
15649 
13767 
15886 


16*jW 
I6Iia 
lhJ37 


16333  163.. i 
1644911 6  >6:i 


16364fl6:>fc.'i 
ll^.w7 


16626  ir>545 

16640!l 

16734  J  6773116792  16^:11 

16867  16886  i6iK>,^  16^24 

1698016999  17018  17036 


5.09261  09286 
5.094(HJ09434 


09311 


09557  09382 
5.09704 
5.09831 


09459  09483 


09335  09360 
09608 


01^729 
09875 


09606 
09753 
098«)9 


09631 


09635 


09777109802 
09924J0994J; 


09385 
09533 
09680 
09826 
09972 


55 
66 
57 
68 
69,5 


1705 
17167 

17278 
17389 


17074  17093 


17186 
17297 
17408 


1749917518 


17204 
17316 
17426 
17536 


17111 


17130  17I4« 


17223  17241 


17334  1735«  17371  ' 


17444  1746H 


17260 


I74A1   I  I 


17554jl7^73H75Sl  ( 

jiLizt;u  uy  "^.j  v_/ v^ pt  ix^ 


s. 


TABLE  XXIII.  l<>7 

To  find  tlie  Latit^ude  by  two  Althudea  of  the  Sun. 

LOG.  lUSIISG  OR  VERSED  SLNKT"  ^ 


8  HOLUiS. 


!M 


I 


35 
46 


5 

i   6 

7 

8 


105 


11 
12 
l;i.5 

Id  J 

\G 

17 

18 
19 


j. 20175  20191 


265. 
275. 


0"     ]   \0"  I  20^'  I  30'  I  40^'  I  :.{)" 


17«09;i7627 
17718,17736 
17827117843 
17933  17953 
1804218060 


.18149 
,18256 
18362 
18467 
18672 


13076 
,18730 
18883 
18985 
1908 


19189 
19290 
19390 
19490 
19590 


,lit65;9 
,11*787 
,  !9h:;5 
.199JJ2 
.20079 


19705 
19804 
19901 
19999 
£0095 


20271 
203G6 
20461 
20555 


20287 
20382 
20477 
20671 


lbl67 
18273 
18379 
IbM84 
18589 


18693 
18797 
18900 
190U2 
19104 


19206 
19307 
19407 
19507 
19606 


19223 
19324 
19424 
19524 
19623 


19722 
19820 
19918 
20015 
20111 


17646 
17755 
17863 
17971 
18078 


17881  17899 
1798918007 
18096,18114 


18185 

18291 
18397 
18505 
18606 


18710 
18814 
18917 
.'019 
19121 


19738 
19836 
19934 
20031 
0127 


20207 
20303 
20398 
20493 
20587 


20223 
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To  £nd  the  Latitude  by  two  Altitudes  of  the  Sun* 


LOO.  RISUVG  OR  VERSED  SINE. 


10  HOURS 


M I      Qf' 


l&'  \  tO"  I  _30^--J  W*  \  ^ 


il  HOURS 


0"    iny^  \  ^0"  \  My  l_^"'  [  ^^^ 


15,27145 
S6.S7l9tJ 

45.a7^yj 


^27100  27!  09 
27l5i;27l5i* 

^725027^59 
S729ai^30H 


^Ti  17 
57167 
27EI7 
2725' 
273  It; 


5  5.273+0 
6|5.S73SB 
7!fl. 27436 
8[6.S74a4  274S2 

3! 


S7404 
375W 


27J4i^ 
a7396 
S7444 


iO|5. 17577  Tm5|«7593 
115,176^24 
125.27669  27677 

13  5. 2771 J 
I4(5.277li9 


37722 
37767 


15^5.S7U04 
16l3.37«4B 


W5 


5.271191 
5.27954 
5.37977 


£7811 
27U5.'> 

27f^yy 


2794?^7lt4y 
279S4  27inil 


21 

2315 


'JSOlii 
.28061 


2tM>6H 
28109 


2B14aS8150 


2nVA 


[:i9l 


25  5. 
2615- 
271j 
2fi;5 
2Ui5 


2i}124 


ll«23l 


2:^264  28270 


:2}J303 
2U34: 
23380 


28309 
28348 
28386 


30|5. 
31^. 

33r.^. 

34P 


2^41^ 


28424 
51 


28455  2S46 
^U9t  SS498' 
2S529  Sfl63o 


28565 


28571 


27364 
2741 
27160 
e75<>7 
7554 


7639 
37684 
27730 
27774 


27601 
27647 
27692 
277,0 
277R2 


27F>19 
27B62 
27^06 


28033 
2C075 
28116 
28  J  57 


28237 
28277 

28354 
28393: 


2B430 
28468 
2B505 
aif541 
23377 


47l2fi;*7134 
27176^7184 
2722627231 
2727527283 
27324  27332 


27372  2T380 
27420  27428 
27468:27476 
27515  27S23 
27562'2757{> 


:277()0  27707 


774j 
27789 


27826 
27870 
27913 
27956 

2799  ?> 


28040 
28082, 
38123 
2BI61 
21^204 


23-283 
28322 
28361 
28399 


211437 


2851. 
28547 
28583 


05 


.19357 
5.293B1 
5.29406 
5.29430 
5.29463 


29361293*35 
29386i29390 
2941029414 
2943429438 
29457ia9461 


29369  29,17.1  i93T7 
29394  29398.29402 
29418294^29426 
29441  2944929449 
29466  294G9^S947f 


5.29476 
5^29499 
5,29521 
5.29543 
5.29564 


2948029484 
29503,29506 
29525|29528 
2954£;29550 
29568:29571 


2948^ 
29510 
29532 


29510  2951 


17608 
27654 


27616 
27662 


27752 
27796 


27833 

271177 
27920 
27963 
23005 


^J8047 
B"e9 
28  kW) 
28170 
28^21 


27840 
27^84 
27927 
27970 
280 1 2 


5-295S5 
5.29606 
5.29626 
5.29646 
5.29666 


29589 
29609 
29629 
29649 
S966S 


294yrj29495 

951? 

29S:t€J295.^ 

29575}g9.^7S^2958f 


29554  2955' 


29592  29596 
2961  a 

29632  {96369296, 
29651 
29671 129674 


29684  £968t  23690  29693  29£9<%  29699 


2970«fSfr(lS  99708 


5. 

5. 

5.2972' 

5.29738  2974J 

5.29755  2975R 


28054 
28096 
28137 
28177 
18217 


2JS250 


2829028296 
28329  28335 
28367 
2840.J 


2844.1 


28474  f8480 


28517 
2S553, 
28569 


28449 
28486 
28523 
28559 
28595 


5, '29772 
5.29788 
5.29804 
5,29820 


29773 
29791 


245.29835 


29777  29780  29783  49?ii6 
29791  297H  29796  S9799t9»nf 
29807  298^)9  29812  29115  2981T 
29S22I29825  298«7Ji9B30  2^31 
29837129840  S9e4ftS9e4«  29841 


28257 


28374 
28411 


6.29850 
5.29864 
5.S9S78 
5.29891 
5.29904 


29852  29864 
29B66  2 i»B68 
£9880  29882 


5.29917 
5.29929 
5.29911 
5.29952 


34  5.29965i29965 


29711 


!0te9T23  29726  297*9  29^732  297.^5 


29744  2^747  tg749 


29761 


297&I  29766 


29893 
29906 


29896 
1^9908 


299 19; 
:9931 
29943 
29954 


299-21 


29857  i9ft^29Wl 


29714  29717 


29731 
2^-7^9 


29^13  25875  ) 
29887  2S8e9 


•98T1 

:^B84 

2989dli990d£99at 
2991129913  29915  I 


29923  299«5  29921 


2993329935X9939  29930 
29945  £994?  SSita  «995t 
29956  ^9sm^9$m  299t] 
29967  29969j2997fl  29972 


35 

36 

375 

38^5 

395 


,28601  :*B6in 
28656  28642 
2867128677 


.S8706 
.28740 


28711 
28745 


403 
415 
425 
435 

44I5 


,28773 


28779 


,28806  28812 


23859 
,28872 
28904 


2SS46 
28877 
28909 


455 
46^5 
47I5 
48  5 
495 


,28935 
,28966 
.28997 
.29027 
29U57 


28940 
28971 
29002 
29032 
2906 


18613 


28619 


2S624  28630 


28664  2866028665 


2y64*{ 
28683  28688 
287n]2e723 
28751  28757 


^>8784 
2H817 
2S850 
28882 
28914 


23945 
28976 
29007 
29037 
290ti7 


28691 
2872k 
28762 


18700 
28734 
:!8768 


28790 
28823 
2DS55 
28888 
28919 


28795 
28828 
28861 
28893 

21]  925 


2R951 
28981 
29012 
29042 
29072 


28956 
28987 
29017 
29047 
29076 


28801 
28834 
:8866 
28898 
289^ 
*896ri 
28992 
29022 
29062 
29081 


5.29974 

5.29984 

5. 

5.30003 

5^30012 

57300^0  3(KVJ2  30023 
5.3tM'»2o30t(3»,H30031 
5.30036  30037:30038 


^975 

:99S6 

29994  29995 

30004 

30013 


29977  29979  299il 


29987 
29997 
30t)06 
30015 


21991&I  ' 


29989  29990  291^ 


29998 
30007 
30016 


d00003OOCii 
30009  30019 
3O0I83O019 


3O024]3tKl2d3OC^r! 
:^0034  30(U6  j 


5,30043 
5.30050 


3i0044;-^»OL6 


30051130052  30053: 


:t0058 


5.30056 
5.30062 
5  3D06Si 
5.30073  30074 
5. 30078  30079 


30063  30064  30065  d006fl  500^ 


3003: 
300* 
3004 


3004030041 


3WMt 
30&4«30IM| 
30(^3(lOai 


30059  30060  30D61 


3006930070  30071  «I72 


30075  aoOTB 


30<n9l3O080  30001  30081 


30061 


30072 


50 
51 

52 
53 
545 


.29086 
29115 

,29144; 
29172 
29199 


29091 
19120 
29148 
29176 
9204 


29096 
19125 
9153 
29181 
29209 


29101 
29129 
29158 
29186 
29213 


29106  29110 
29134*29139 


291(52 

9190 

29218 


585 


29236 

29252 

fi.a9280j292»4  29289 

29306  293J0  2931 5 


29227 
.29254 


£9231 
29258 


9240  29245 


:233stl9S36 


29310 


29267 
29293 
29319 
293-14 


29271 
29297 


29167 
29195 
2y222 


5.300ii2 
5.30086 


30083 
30087 


30084^  30084^  3006  ^300^S 


5.30090  SOOiW 


30087 13003  :^^'J0O89 
3009  l;;M>n9 1 130092 


30C^9 
500**2 


5 .  30O93|3OO93 3009  lj3O0li4  30095  300^6 


5.30096  30096 


30O«t6|3O097l3O097 


■jovyff 


29249 
;9276 
29302 
.n^.J27 


2934^.^9353 


5.30098 
5.30100 
5.30101 

5.30102 


^fur, 


30093  300^8  ; 
30I<« 


30098 

30100;,^'  Mun 

30101  f:^*  '         :*0102  . 

30 1 02|3iHUJl.i*Ji*J3i30lO^^  lid 

5. 30 1031301 03i;lOlti3i30l0^1MMl|08 

'"*'  '    •' uiF^llZ^'d  by  >ZTOOVi^^ 


TABLE  XXIV. 

OF   KATURAL   SINKS. 


1« 


09 


^^inie.lN.  cos. 


Wjine.,y.  cdt.|J4^iie.,K.  o<n.|W.ginc.|^.  co»  jNrinel 


lo 


JO 


k 


30 


M. 


0dt34 
05263 
05S9S 
05311 
05350 
05379 
05408 


.«oe. 


00000 
00029 
00058 
00087 
00U6 
00145 
00176 


100000 
100000 
100000 
100000 
100006 
100000 
100000 


01745' 
01774 
01803 
0183S 
0186S 
01891 
01920 


999851 
99984 
99984 
99983 
99983 
99982 
999B2 


03490 
03519 
03548 
03577 
03606 
03635 
03664 


999391 
99938 
99937 
99936 
99935 
99934 
99933 


99861 
99860 
99858 
99857 
99855 
99854 


06976 
07005 
07034 
07063 
07092 
07121 
07150 


99756  60 

99754  59 

99752 

99750 

99748 

99746 

99744 


9 
10 
U 
12 


13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
23 
24 

25 
26 
27 
^3 
29 
30 


00204 
00233 
00262 
00291 
00320 
00349 


00378 
00407 
00436 
00465 
00495 
00624 


00563 
00582 
00611 


100000 
100000 
100000 
100000 
99999 
99999 


01949 
01978 
02007 
02036 
02065 
02094 


99981 
99980 
99980 
99979 
99979 
99978 


99999 
99999 
99999 
99999 
99999 
99999 


02123 
02152 
02181 
02211 
02240 
02269 


99977 
99977 
99976 
99976 
99975 
99974 


03693 
03723 
03752 
03781 
03810 
03839 
03868 
03897 
03926 
03955 
03984 
04013 


99932 
99931 
99930 
99929 
99927 
99926 


05437 
05466 
05496 
05624 
05553 
05582 


99852 
99851 
99849 
99847 
99846 
99844 


07179 
07208 
072OT 
07266 
07295 
07324 


99742 
99740 
99738 
99736 
99734 
99731 


99925 
99924 
99923 
99922 
99921 
99919 


05611 
05640 
05669 
05698 
05727 
05756 


99842 
99841 
99839 
99838 
99836 
99834 


07353 
07382 
07411 
07440 
07469 
07498 


99729 
99727 
99725 
99723 
99721 
99719 


99998 
99998 
99998 


00640  9999S 


00669 
00698 


99998 
99998 


02298 
02327 
02356 
02385 
02414 
02443 


99974 
99973 
99972 
99972 
99971 
99970 


04U4!i! 
04071 
04100 
04129 
04151^ 
04188 


99918 
99917 
99916 
99915 
99913 
99912 


05785 
05814 
05844 
05873 
05;»02 
06931 


99838 
99831 
99829 
99827 
99826 
99824 


07527 
07566 
07585 
07614 
07643 
07672 


99716 
99714 
99712 
99710 
99708 
99705 


00727 
00756 
00785 
00814 
00844 
00873 


99997 
99997 
99997 
99997 
99996 
99996 


02472 
02601 
02530 
02560 
02589 
02618 


99969 
99969 
99968 
^9967 
99966 
99966 


04217 
04246 
04275 
04304 
04333 
04362 


99911 
99910 
99909 
99907 
99906 
99905 


05960 
06989 
06018 
06047 
06076 
06105 


99822 
99821 
99819 
99817 
99815 
99813 


07701 
07730 
07759 
07788 
07817 
07846 


99703 
99701 
99699 
99696 
99694 
99692 


31 
32 
33 
34 
95 
36 


00902 
00931 
00960 
00989 
01018 
01047 


99996 
99996 
99995 
99996 
99996 
99996 


02647 
02676 
02706 
02734 
02763 
02792 


99965 
99964 
99963 
99963 
99962 
99961 


04391 
04420 
04449 
04478 
04507 
04536 


99904 
99902 
99901 
99900 
99898 
99897 


06134 
06163 
06192 
06221 
06250 
06279 


99812 
99810 
99808 
99806 
99804 
99803 


078751 
07904' 
07933 
07962 
07991 
08020 


99689 
99687 
99685 
99683 
99680 
99678 


37 

38 
39 
40 
41 

42 


01076 
01106 
01134 
01164 
01193 
01222 


99994 
99994 
99994 
99993 
99993 
99993 


02821 
02850 
02879 
02908 
02938 
02967 


99960 
99959 
99969 
99956 
99957 
99956 


04565 
04594 
04623 
04658 
04682 
04711 


99896 
99894 
99893 
99892 
99890 
99889 


06308 
06337 
96366 
06395 
06424 
06463 


99801 
99799 
99797 
99795 
99793 
99792 


06049 
08078 
08107 
08136 
08166 
08194 


99676 
99673 
99671 
99668 
99666 
996641  18 


43 
44 
46 
46 
47 
48 


01251 
01280 
01309 
01338 
01367 
01396 


99992 
99992 
99991 
99991 
99991 
99990 


02996 
03025 
03054 
03083 
03112 
03141 


99955 
99954 
99953 
99952 
99952 
99961 


04740 
04769 
04798 
04827 
04866 
04885 


99888 
99886 
99886 
99883 
99882 
99881 


06482 
06511 
06540 
06569 
06698 
06627 


99790  08223 
99788  08252 
99786  08281 
99784  08310 
99782  08339 


99780 


06368 


99661 
99669 
99657 
99654 
99662 
99649 


49 
60 
61 
6« 
53 
64 


01426 
01454 
01483 
01513 
01642 
01671 


99990 
99989 
99989 
99989 
99988 
99988 


03170 
03199 
03228 
03267 
03286 
03316 


99960 
99949 
99948 
99947 
99946 
99945 


04914 
04943 
04972 
05001 
05030 
05059 


99879 
99878 
99876 
99875 
99873 
99872 


06666 
06685 
06714 
06743 
06773 
06802 


99778 
99776 
99774 
99772 
99770 
99768 


08397 
08426 
08465 
08484 


99647 
99644 
99642 
99639 
99637 
08542  99635 


08513 


S6 
ffl 
58 
39 
60 


01600 

01629 

0165 

01687 

01716 

01745 


99987 
99987 
999r>6 
99986 
99965 
99965 


03346 
03374 
03403 
03432 
03461 
03490 


99944 
99943 
99942 
99941 
99940 
99939 


05088 
06117 
06146 
06176 
05206 
06234 


99870 
99869 
99867 
99866 
99864 
99863 


06831 
06860 
06889 
06918 
06947 


99766 
99764 
99762 
99760 
99758 


069761  99766 


08571 
08600 
08629 
08668 
08687 
08716 


99632 
99630 
99627 
99626 
99622 
99619 
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TABLE  XXIV. 


OF 

NATURAL  SINSS. 

50     1     60 

1   7^   L   «*^   1 

90 

1 

M. 

N.sine. 

N.  COS. 

N.sine. 

N.  COS. 

N.sine. 

N.cos. 

NTsinc. 

N.  COS. 

N.sine.|N.  cos. 

i 

J 

0 

08716 

aye  19 

"10453 

99452 

12187 

99255 

13917 

99027 

15648'  98769 

;   60 

1 

08745 

99617 

10482 

99449 

12216 

99251 

13946 

99023 

15672 

98764]  59    1 

2 

08774 

99614 

10511 

994*6 

12245 

99248 

13975 

99019 

15701 

98760 

58 

• 

8 

08803 

99612 

10540 

99413 

12274 

99244 

14004 

99015 

15730 

98756 

67 

i 

4 

08831 

99609 

10569 

99440 

12302 

99240 

14033 

99011 

15758 

98751 

56 

1 

5 

08860 

99607 

10597 

99487 

12331 

99237 

14061 

99006 

15787 

98746 

55 

1 

6 

08889 

99604 

10626 

99434 

12360 

99233 

14090 

99002 

15816 

98741 

54 

1 

t 

7 

08918 

99602 

10655 

99431 

12389 

99230 

14119 

98998 

15845 

98737 

5S 

« 

8 

08947 

99599 

10684 

99428 

12418 

99226 

14148 

98994 

15873 

98732 

52 

1 

9 

08976 

99596 

10713 

99424 

12447 

99222 

14177 

98990 

15902 

98728 

61 

1 

10 

09006 

99594 

10742 

99421 

12476 

992^9 

14205 

98986 

16931 

98723 

50 

n 

09034 

99691 

10771 

99418 

12504 

99216 

14234 

98982 

15959 

98718 

49 

12 

09063 

99588 

10800 

99416 

12533 

99211 

14263 

98978 

15988 

98714 

4S 

18 

09092 

99586 

10829 

99412 

12562 
12591 

,  99208 

14292 

98978 

16017 

98709 

47 

H 

09121;  99583 
091501  99580 

10858 

99409 

1  99204 

14820 

98969 

16016 

98704 

46 

15 

10887 

99406 

12620 
12649 

1  99200 

14849 

98965 

16074 

98700 

45 

16 

09179  99578 

10918 

99402 

99197 

14378 

98961 

16103 

98695 

44 

J 

17 

09208;  99576 

10945 

99399 

12678 

99193 

14407 

98957 

16132 

98690 

4d 

i 

18 

092371  99572 

10978 

99396 

1270^ 

99189 

14436 

98953 

16160 

98686 

42 

19 

09266;  99570 

11002 

99393 

12735 

99186 

14464 

98948 

16189 

98681 

41 

I 

20 

092951  99567 

11031 

99390 

12764 

99182 

14493 

98944 

16218 

98676 

40 

t 

21 

09324 

99564 

11060 

99386 

12798 

99178 

14522 

98940 

16246 

98671 

39 

22 

09363 

1  99562 

11089 

99883 

12822 

99176 

14551 

98936 

16275 

98667 

38 

» 

28 

09382 

99659 

11118 

99380 

12851 

99171 

14580 

98931 

16804 

9866S 

37 

24 

09411 

99556 

1M47 

99877 

12880 

99167 

14608 

98927 

16333 

9865*^ 

36 

' 

it 

09440199563 

11176 

99874 

12908 

99163 

14637 

98923 

16361 

98652 

35 

094691  99551 

11205 

99370 

12937 

99160 

14666 

98919 

16390 

98648 

34 

27 

09498;  99548 

11234 

99367 

12966 

99156 

14695 

98914 

16419 

98648 

33 

t8 

09627  99545 

11263 

99364 

12995 

99152 

14723 

98910 

16447 

98638 

32 

,  29 

095561  99542 

11291 

99360 

13024 

99148 

14752 

98906 

16476 

98633 

31 

30 

096851  99540 

11320 

99357 

13053 

99144 

14781 

98902 

16505 

98629 

30 

81 

09614 

99537 

11349 

99364 

18061 

i  99141'  14810 

98897 

16533 

98624 

29 

82 

09642 

99584 

11878 

99351 

13110 

99187,  14838 

98893 

16562 

98619 

28 

9S 

09671 

99681 

11407 

99347 

13139 

99133 

14867 

98889 

16591 

98614 

27 

84 

09700 

99528 

11436 

99344 

13168 

99129 

14896 

98884 

16620 

98609 

26 

86 

09729 

99626 

11465 

99341 

13197 

99125 

14925 

98880 

16648 

98604 

25 

86 

09768 

99523 

11494 

99337 

^13226 

99122 

14954 

98876 

16677 

98600 

s* 

37 

09787 

99520 

11523 

99334 

13254 

99118 

14982 

98871 

16706 

98595 

23 

38 

09816 

99617 

11552 

99331 

13283 

991 H 

15011 

98867 

16734 

98590 

22 

89 

09845 

99514 

11680 

99327 

13312 

99110 

15040 

98863 

16763 

98585 

21  ■ 

40 

098741  9951 J 

11609 

99324 

13341 

99106 

16069 

98858 

16792 

98580 

20  1  ' 

41 

09903i  99508 

11638 

99320 

13370 

99102 

15097 

98854 

16820 

98575 

19  ' 

42 
48 

09982  99606 

11667 

99317 

13399 

99098 

15126 

98849 

16849 

9867C 

18 

09961'  99503 

11696 

99314 

13427 

99094 

15155 

98845 

16878 

98565 

17 

44 

09990  99500 

11726 

99810 

13456 

99091 

15184 

98841 

16906 

98561 

16  . 

A6 

10019  99497 

11764 

99307 

13485 

99087 

15212 

98836 

16935 

98556 

15  . 

46 

10048!  99494 

11783 

99303 

13614 

99083 

15241 

98832 

16964 

98551 

14  •  ] 

47 

10077  99491 

11812 

99300 

13543 

99079 

15270 

98827 

16992 

98546 

13  1 

48 

10106  99488 

11840 

99297 

13572 

99075 

15299 

98823 

17021 

98W1 

12 

' 

49 

10135  99485 

11869 

99293 

13600 

99071 

15327 

98818 

17050 

98586 

11 

50 

10164)  99482 

11898 

99290 

13629 

99067 

16356 

98814 

17078 

98531 

10  * 

61 

10192.  99479 

11927 

99286 

13658 

99063 

15385 

98809 

17107 

98626 

9 

62 

10221  99476 

11966 

99288 

13687 

99059 

16414 

98805 

17136 

98521 

S 

53 

10260  99473 

11985 

99279 

13716 

99055 

15442 

98800 

17164 

98516 

7  . 

64 

I0279|  99470 

12014 

99276 

13744 

99051 

15471 

98796 

17193 

98611 

6 

66 

10308 

99467 

12043 

99272 

13773 

99047 

15500 

98791 

17222 

9G506 

5 

66 

10337 

99464 

12071 

99269 

13802 

99043 

15529 

93787 

17250 

98501 

4 

67 

10366 

99461 

12100 

99265 

13831 

99039 

15567 

98782 

17279 

98496 

3 

68 

10395 

99458 

12129 

99262 

13860 

99035 

15586 

98778 

17308 

98491 

•  ' 

69 

10424 

99455 

12168 

99268 

13889 

99031 

15615 

98773 

17336 

98486 

1 

60 

10453 

99452 

12187 

99255 

13917 

99027 

15643  98769 
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_ 
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N.fline.iN.  cos.lN.sine.l 

N.  cus..^»*.Mne. 
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r 

84 
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83 

^ 
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i 

•.  81 
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Si 

)^ 
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TABLE  XXIV.  ■ 
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OF  NATDRAI.  SINES.. 

1'  ■ 

.10^    1 

no 

12^     1    13^    1 

14°    1 

' 

M. 

[Vjiiie.  N.  cos.j 

^'.sine. 

N.  COS. 

N. sine  .IN.  cos.. 

N.sine.  N.  cos. 

N.sinc.lN.  COS. 

0 

17365 

98481 

19081 

98163 

2079! 

97815 

22495  97437 

241921  970301 

60 

1   1 

17393 

9847G 

19109 

98157 

20820 

97809 

22523 

97430 

24220 

97023 

69 

2 

17422 

98471 

19138 

98152 

20848 

97803 

22552 

97424 

24249 

97015 

68 

1   3 

17451 

98466 

19167 

9814^ 

20877 

97797 

22580 

97417 

24277 

97008 

67 

4 

17479 

98461 

19195 

98140 

20905 

97791 

22608 

97411 

2-1^51  97001 

56 

5 

17508 

98455 

19224 

98135 

20933 

97784 

22637 

97404 

243331  96994 

55 

G 

17537 

98450 

19252 

98129 

20962 

97778 

22665 

97398 

243621  96987 

64 

) 

7 

17565 

9;;4-i5 

19281 

98124 

20990 

97772 

22693 

97391 

24390 1  96980 

53 

8 

17594 

9o440 

19309 

98118 

21019 

97766 

22722 

97384 

244181  96973 

52 

. 

9 

17G23 

98435 

19338 

98112 

21047 

97760 

22750 

97378 

24446  96966 

61 

, 

10 

17651 

98430 

19366 

98107 

21076 

97754 

22778 

97371 

24474  96959 

50 

11 

17680 

98425 

19395 

98101 

21104 

977'V8 

22807 

97365 

24503  96952 

49 

12 

17708 

98420 

19423 

98096 

21132 

97742 

22835 

97358 

_2453l!  96945 

48 

13 

17737 

98414 

19452 

98090 

21161 

97735 

22ij63 

97351 

24559I  9G937 

47 

U 

17766 

98.t09 

19481 

98084 

21189 

97729 

22892 

97345 

24587  9G930 

46 

15 

17794 

98404 

19509 

98079 

21218 

97723 

22920 

97338 

24615  96923 

45 

16 

17823 

98399 

19538 

98073 

21246 

97717 

22948 

97331 

2464-ti  96916 

44 

' 

17 

17852 

98394 

19566 

98067 

21275 

97711 

22977 

97326 

24672  96909 

43 

18 

1781J0 

98389 

19595 

98061 

21303 

97705 

23005 

97318 

24700  96902 

42 

19 

17909 

98333 

19623 

98056 

21331 

97698 

23Q33 

97311 

24728 

96894 

41 

20 

17937 

98378 

J  9652 

98050 

21360 

97692 

23062 

97304 

24756 

96887 

40 

21 

17966 

98373 

196S0 

9l;044 

21388 

97686 

23090 

97298 

24784 

96880 

39 

'22 

17996 

98368 

19709 

98039 

21417 

97680 

23118 

97291 

24813 

96873 

38 

%3 

18023 

98362 

19737 

98033 

21445 

97673 

23146 

97284 

24841 

.96866 

37 

24 

18052 

98357 

19766 

98027 

21474 

97667 

23176 

97278 

24869 

96858 

36 

■ 

25 

lb031 

98352 

19794 

98021 

21502 

97661 

23203 

97271 

24897 

96851 

35 

26 

18109 

98347 

19823 

98016 

21530 

97655 

23231 

97264 

24925 

96844 

34 

27 

1S13S 

98341 

19851 

98010 

21559 

97648 

23260 

97257 

2495-1 

96837 

33 

28 

18166 

98336 

19880 

98004 

21587 

97642 

23288 

97251 

249S2 

96829 

32 

29 
30 

18195 

98331 

19908 

97998 

21616 

97636 

23316 

97244 

25010 

96822 

31 

18224 

98325 

19937 

97992 

21644 

97630 

23345 

97237 

25038 

96815 

30 

SI 

18252 

98320 

19965 

97987 

21672 

9762;^ 

23373 

97230 

25066 

96807 

•  29 

32 

18281 

98315 

19994 

97981 

21701 

97617 

23401 

97223 

25094 

96800 

28 

33 

18309 

98310 

20022 

97975 

21729 

97611 

23429 

97217 

25122 

96793 

27 

34 

18338 

98304 

20051 

97969 

21758 

97604 

23458 

97210 

25151 

96786 

26 

35 

18367 

98299 

20079 

97963 

21786 

97598 

23486 

97203 

25179  96778 

25 

36 

18395 

98294 

20108 

97958 

21814 

97592 

23514 

97196 

25207  96771 

24 

37 

1842t 

98283 

20136 

97952 

21843 

975^5 

23542 

97189 

25235  96764 

23 

S8 

18402 

98283 

20165 

97946 

21871 

97679 

23671 

97182 

25263  96756 

22 

39 

12481 

98277 

20193 

97940 

21899 

97573 

23599 

97176 

25291 

96749 

21 

40 

18509 

93272 

20222 

97934 

21928 

97566 

23627 

97169 

25320 

96742 

20 

41 

18538 

9S267 

20250 

97928 

21956 

97560 

23656 

97162 

25348 

96734 

19 

42 

18567 

98261 
98256 

20279 

97922 

21985 

97553 

23684 

9715^ 

25376 

96727 

18 

43 

18595 

20307 

97916 

22013 

97647 

23712 

97148 

25404 

96719 

17 

44 

18624 

98250 

20336 

97910 

22041 

97541 

23740 

97141 

25432 

96712 

16 

46 

18652 

98245 

20364 

97905 

22070 

97534 

23769 

97134 

25460 

96705 

16 

46 

18681 

98240 

20393 

97899 

22098 

97528 

23797 

97127 

25488 

96697 

14 

47 

18710 

9«234 

20421 

97893 

•22126 

97521 

23825 

97120 

26516 

96690 

13 

48 

18738 

98229 

20450 

97887 

22155 

97515 

23853 

97113 

25546 

96682 

12 

49 

18767 

98223 

20478 

97881 

22183 

97508 

238'82 

97106 

26573 

96675 

11 

50 

18795 

98218 

20507 

97875 

22212 

97502 

23910 

97100 

25601  96667 

10 

61 

18824 

98212 

20535 

97869 

222«) 

97496 

23938 

97093 

25629  96660 

9 

62 

18852 

98207 

20563 

97863 

22268 

97489 

23966 

97086 

25657  96653 

8 

63 

18881 

98201 

20592 

97857 

22297 

97483 

23995 

97079 

25685  96645 

7 

64  . 

189]0 

98196 

20620 

97851 

22325 

97476 

24023 

97072 

25713  96638 

1 

6 

55 

18938 

98190 

20649 

97845 

22363 

97470 

24051 

97065 

25741  96630 

6 

66 

18967 

98185 

20677 

97839 

22382 

97463 

24079 

97058 

25769  96623 

4 

67 

18995 

98179 

20706 

97833 

22410 

97467 

24108 

97051 

2,'>79S  96615 

3 

6S 

19024 

98174 

20734 

97827 

22438 

97460 

24136 

9704-* 

25826  96608 

2 

69 

19052 

98168 

20763 

97821 

22467 

97444 

24164 

97037 

25854  96600 

1 

.60 

19081 

9dl63 

20791 

97815 

22495 

97437 

24192 

97030 

258J-2  96593 

0 

N.  COS. 

Nsine. 

N.  COS. 

N.sine. 

N.  COS. 

N.sine. 

N.  COS.  N.sine. 

N.  COS.  N.sine. 
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TABLE  XXIV.   ' 

OP  NATURAL  SINKS. 

•  • 

15^ 

16° 

17°    1    18° 

19° 

M. 

N.sine. 

N.  COS. 

Njine.N.  COS. 

N.sinev 

N.  COS. 

N.sine. 

N.  COS. 

N.sine. 

NCOS. 

0 

25882 

96593 

27664 

96126 

292:37 

96630 

30902 

96106 

32567 

94552 

60 

1 

25910 

96535 

27592 

96118 

29265 

95622 

30929 

96097 

32684 

94642 

69 

2 

25938 

96578 

27620 

96110 

29'2t'3 

95613 

30957 

95088 

32612 

94633 

58 

3 

25966 

96570 

27648 

96102 

29321 

96606 

30985 

96079 

32639 

94523 

51 

4 

25994 

96562 

27676 

96094 

29348 

95,596 

31012 

95070 

32667 

94614 

56 

5 

26022 

96655 

27704 

96086 

29376 

96688 

31040 

95061 

32694 

94604 

55 

1) 

26050 

96647 

.27731 

96078 

29404 

96579 

31068 

95052 

32722 

94496 

54 

'T' 

26079 

96640 

27759 

96070 

29432 

96571 

ai095 

95043 

32749 

944i6 

53 

8 

26107 

96532 

27787 

96062 

29460 

95562 

31123 

96033 

32777 

94476 

52 

9 

26135 

96624 

27816 

96064 

29487 

95564 

31161 

95024 

32804 

94466 

51 

10 

26163 

96517 

27843 

96046 

29616 

96545 

31178 

96015 

32832 

94467 

50 

11 

26191 

96609 

27871 

96037 

29643 

96636 

31206 

96006 

32859 

94447 

49 

12 

26219 

96602 

27899 

96029 

29571 

96628 

31233 

94997 

32887 

94438 

48 

13 

26247 

96494 

27927 

96021 

29599 

95619 

31261 

94988 

329 14\ 

94428 

47 

14 

26275 

96486 

27955 

96013 

29626 

95511 

31289 

94979 

32942 

94418 

46 

J  6 

26303 

96479 

27983 

96005 

29664 

95602 

31316 

94970 

32969 

9«09 

45 

IG 

26331 

96471 

28011 

95997 

29682 

96493 

31344 

94961 

32997 

94399 

44 

17 

26359 

96463 

28039 

95989 

29710 

95485 

31372 

94952 

33024 

94390 

43 

_18__ 

26387 

964.56 

28067 

96981 

29737 

96476 

31399 

94943 

83061 

94330 

42 

19 

.  26415 

964-18 

28095 

95972 

29766 

95467 

31427 

94933 

33079 

94370 

41 

20 

26443 

96440 

28123 

95964 

29793 

96459 

31454 

94924 

33106 

94361 

40 

21 

26471 

96433 

28160 

95956 

29821 

96460 

31482 

94915 

33134 

94361 

59 

22 

26600 

96425 

28178 

96948 

29849 

96441 

31510 

94906 

33161 

94342 

58 

23 

26528 

96417 

28206 

95940 

29876 

96433 

31637 

94897 

33189 

94332 

37 

24 

26556 

96410 

28234 

96931 

29904 

96424 

31665 

94888 

33216 

94322 

36 

25 

26581 

96402 

28262 

95923 

29932 

96416 

31593 

94878 

33244 

94313 

35 

26 

26612 

96394 

28290 

95915 

29960 

96407 

31620 

94869 

33271 

94303 

34 

27 

26640 

96386 

28313 

96907 

29987 

96398 

31648 

94860 

33298 

94293 

33 

28 

26668 

96379 

28346 

96898 

30015 

96389 

31675 

94851 

33326 

94284 

32 

29 

26696 

96371 

28374 

95890 

30043 

96380 

31703 

94842 

33353 

94274 

31 

30 

26724 

96363 

28402 

9688S 

30071 

96372 

31730 

94832 

33381 

94264 

30 

31 

26752 

96366 

28429 

95874 

30098 

96363 

81758 

94823 

33408 

942M 

29 

32 

26780 

96347 

28457 

95866 

30126 

96364 

31786 

94814 

33436 

94245 

28 

33 

26808 

96340 

28485 

96867 

30164 

95345 

31813 

94805 

33463 

94235 

27 

34 

26836 

96332 

28513 

95849 

30182 

95337 

31841 

94795 

33490 

94223 

26 

35 

36864 

96324 

28641 

95841 

30209 

95328 

31868 

94786 

33618 

94215 

25 

36 

26892 

96316 

28569 

9^832 

30237 

95319 

31896 

94777 

33645 

94206 

24 

37 

26920 

96308 

28597 

95824 

30265 

95310 

31923 

94768 

33573 

94196 

23 

38 

26948 

96301 

28626 

96816 

30292 

95301 

31961 

94768 

33600 

94186 

22 

39 

26976 

96293 

28652 

95807 

30320 

96293 

31979 

94749 

33627 

94176 

21 

40 

27004 

96285 

28680 

96799 

30348 

96284 

32006 

94740 

33655 

94167 

20 

41 

27032 

96277 

28708 

96791 

30376 

96276 

32034 

94730 

33682 

94157 

19 

42 

27060 

96269 

28736 

96782 

30403 

95266 

32061 

94721 

33710 

94147 

18 

43 

27038 

96261 

28764 

95774 

30431 

96257 

32089 

94712 

33737 

94137 

17 

44 

27116 

96253 

28792 

96766 

30469 

96248 

32116 

94702 

33764 

94127 

16 

45 

27144 

96246 

28820 

96767 

30486 

95240 

32144 

94693 

33792 

94118 

15 

46 

27172 

96238 

28847 

96749 

30614 

96231 

32171 

94684 

33819 

94108 

14 

47 

27200 

9623(^ 

28875 

96740 

30642 

96222 

32199 

94674 

33846 

94098 

13 

4 

48 

27228 

96222 

28903 

95732 

30570 

96213 

32227 

94666 

33874 

94088 

12 

49 

27266 

96214 

28931 

95724 

30697 

96204 

32264 

94656 

33901 

94078 

11 

60 

27234 

96206 

28959 

96716 

30626 

95196 

32282 

94646 

33929 

94068 

10 

61 

27312 

96198 

28987 

96707 

30663 

96186 

32309 

94637 

33966 

94058 

9 

62 

27340 

96190 

29015 

95698 

30680 

96177 

32337 

94627 

33983 

94049 

8 

63 

27368 

96182 

29042 

95690 

30708 

96168 

32364 

94618 

34011 

94039 

7 

64 

27396 

96174 

29070 

95681 

30736 

96169 

3239^ 

94609 

34038 

94029 

6 

65 

27424 

96166 

29098 

96673 

30763 

96160  32419 

94699 

34066 

94019 

5 

66 

27462 

96168 

29126 

95664 

30791 

96142  32447 

94690 

34093 

94(H)9 

4 

J 

57 

27480 

96160 

29164 

96666 

30S19 

95133  32474 

94680 

34120 

y3ji»9 

3 

58 

27508 

96142 

29182 

96647 

30846 

9^124  32502 

94671 

34147 
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2 

59 

27636 

96134 

29209 

96639 

30874 

95116  32629 

94661 

34176 

93979 

1 

60 
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30902 
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0 
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N.sine.  N.  cos. 
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1^.81  ne. 
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1 

1  Q 

34202 

93969 

35837  9;335a 

374611  92718 

39073 

92050 

40674 

913o5 

1  60 

1 

34229 

93959 

35864 

93341) 

37488 

92707 

39JO0 

92039 

40700 

91343 

59 

t 

34267 

93949 

35891 

03337 

37515 

92697 

39127 

92028 

40727 

91331 

58 

3 

34284 

93939 

35918 

93327 

37542 

92686 

39153 

92016 

40753 

91319 

67 

4 

34311 

93929 

35945 

93316 

37569 

92675 

39180 

92005 

40780 

91307 

56 

5 

34339 

93919 

35973 

93306 

37595 

92664 

39207 

91994 

40806 

91295 

56 

.6 

34366 

93909 

36000 

93295 

37622 

92653 

39234 

91982 

40833 

91283 

54 

•  7 

34393 

93899 

36027 

93285 

37649 

92642 

39260 

91971 

40^60 

91272 

53 

8 

34421 

93889 

36054 

93274 

37676 

92631 

39287 

91959 

40886 

91260 

52 

9 

34448 

93879 

36081 

93264 

37703 

92620 

39314 

91948 

40913 

91248 

51 

10 

34475 

93869 

36108 

93253 

37730 

92609 

393tl 

91936 

40939 

91236 

50 

11 

34503 

93859 

36135 

93243 

37757 

92598 

39367 

91925 

40966 

91224 

49 

12 

34530 

93849 

36162 

93232 

37784 

92537 

39394 

91914 

40992 

91212 

48 

13 

34557 

93839 

36190 

93222 

37811 

92576'  39421 

91902 

4101 9I  91200 

47 

14 

34584 

93829 

36217 

93211 

37838 

925^5  39448 

91891 

41045 

9118R 

46 

15 

34612 

93819 

36244 

93201 

37865 

92554 

39474 

91879 

41072 

91176 

45 

16 

34639 

93809 

36271 

93190 

37892 

92543 

39501 

91C63 

41098 

91164 

44 

17 

3-4666 

93799 

36298 

93180 

37919 

92532 

39528 

91856 

41125 

91152 

43 

18 

34694 

93789 

36325 

93169 

37946 

92521 

39555 

91845 

4n51f  91140 

42 

19 

34721 

93779 

36352 

93159 

37973 

92510 

39581 

91833 

41178 

91128 

41  , 

JO 

34748 

93769 

36379 

9314C 

37999 

92499,  39608 

91822 

41204 

91116 

40 

21 

34775 

93759 

36406 

93137 

38026 

92488 

39635 

91810 

41231 

91104 

39 

22 

34803 

93748 

36434 

93127 

38053  92477 

39661 

91799 

41257 

91092 

38 

23 

34830 

93738 

36461 

93116 

38080 

92466 

39688 

91787 

41284  91080 

37 

24 

34867 

93728 

36488 

93106 

38107 

92455 

39715 

91775 

41310 

91068 

36 

25 

34884 

93718 

36515 

93095 

38134 

92444 

39741 

91764 

41337 

91056 

35 

26 

34912 

93708 

36542 

93084 

38161 

92432 

39768 

91752 

41363 

9104^1 

34 

27 

34939 

93698 

36569 

93074 

38188 

92421 

39795 

91741 

41390 

91032 

33 

28 

34966 

93688 

36596 

93063 

38215 

92410 

39822 

91729 

41416 

91020 

32 

29 

34993  93677 

36623 

93052 

38341 

92399 

39848 

91718 

41443 

91008 

31 

1 

30 

350211  93667 

36650 

93042 

38268 

92388 

39875 

91706 

41469 

90996 

30 

31 

35048 

93657 

36677 

93031 

38295 

92377 

39902 

91694 

41496 

90984 

29 

32 

36075 

93647 

36704 

93020 

38322 

92366 

39928 

91683 

41522 

90972 

28 

3d 

35102 

93637 

36731 

93010 

38349 

92365 

39955 

91671 

41549 

90960 

27 

34 

35130 

93626 

36768 

92999 

38376 

92343 

39982 

91660 

41575 

9094S 

26 

36 

35157 

93616'  36785 

92988 

38403 

92332 

40008 

91648 

41602 

90936 

25 

36 

35184 

93606 

36812 

92978 

38430 

92321;  40035 

91686 

-41628 

90924 

24 

87 

35211 

93596 

36839 

92967 

38456 

92310 

40062 

91625 

41655 

90911 

23 

38 

35239 

93585 

36867 

92956 

38483 

92299 

40088 

91613 

41681 

90899 

22 

39 

35266 

93575 

36894 

92945 

38510 

92287 

40116 

91601 

41707 

90887 

21 

40 

35293 

93565 

36921 

92936 

38537 

92276 

40141 

91590 

41734 

90875 

20 

41 

35320 

93555 

36948 

92924 

38564 

92266 

40168 

91578 

41760 

90863 

19 

42 

85347 

93544 

36975 

92913 

38591 

92254 

40195 

91566 

41787 

90851 

18 

43 

85375 

93534 

37002 

92902 

38617 

92243 

40221 

91555 

41813 

90839 

17 

44 

35402 

93524 

37029 

92892 

38644 

92231 

40248 

91543 

41840 

90826 

16 

45 

35429 

93514 

37056 

92881 

38671 

92220 

40275 

91531 

41866 

90814 

16 

46 

35456 

93503 

37083 

92870 

38698 

92209 

40301 

91519 

41892 

90802 

14 

47 

35484 

93493 

37110 

92859 

38725 

92198 

40328 

91508 

41919 

90790 

13 

48 

35511 

93483 

37137 

92849 

38752 

92186 

40355 

91496 

41945 

90778 

12 

49 

35538 

93472 

37164 

92838 

38778 

92175 

40381 

91484 

41972 

90766 

11 

50 

35565 

93462 

37191 

92827 

38805 

92164 

40408 

91472 

41998 

90753 

10 

61 

36592 

93452 

37218 

92816 

38832 

92152 

40434 

91461 

42024 

90741 

9 

5ft 

35619 

93441 

37245 

92805 

38859 

92141 

40461 

91449 

42051 

90729 

8 

63 

35647 

93431 

37272 

92794 

38886 

92130 

40488 

91437 

42077 

90717 

7 

54 

85674 

93420 

37299 

92784 

38912 

92119 

40514 

91425 

42104 

90704 

6 

66 

35701 

93410 

37326 

92773 

38939 

92107 

40541 

91414 

42130 

90692 

5  ' 

. 

66 

35728 

93400 

37353 

92762 

38966 

92096 

40667 

91402 

42166 

90680 

4 

57 

35755 

93389 

37380 

92761 

38993 

92085 

40594 

91390 

42183 

90668 

3 

68 

3578^ 

.93379 

37407 

92740 

39020 

92073 

40621 

91378 

42209 

90665 

2 

69 

35810 

93368 

37434 

92729 

39046 

92062 

40647 

91366 

42235 

90643 

1 

60 

35837 

93358 

37461 

92718 

39073 
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0 
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1     26° 
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N.  cbs. 

JS.sfne. 

N.  COS.  N.sine. 

N.  COS. 

0 

42262  90631 

43837 

89879 

45399 

89101 

46947 

88295  48481 

87462 

60 

1 

422881  90618 

43863 

89867 

45425 

89087 

46973 

88281 

48506 

87448 

59 

2 

42315 

90606 

43889 

89854 

46451 

89074 

46999 

88267 

48532 

87434 

58 

3 

42341 

90594 

43916 

89841 

46477 

89061 

47024 

88254 

48657 

87420 

57 

4 

42367 

90582 

43942 

89828 

46603 

89048 

47050 

88240 

48583 

87406 

66 

6 

42394 

90569 

43968 

89816 

46529 

39035 

47076 

88226 

48608 

87391 

55 

6 

42420 

90557 

43994 

89803 

45554 

89021 

47101 

88213 

48634 

87377 

54 

7 

42446 

90645 

44020 

89790 

45680 

89008 

47127 

88199 

48669 

87363 

53 

8 

42473 

90532 

44046 

89777 

45606 

88995 

47153 

88186 

48684 

87349 

5S 

9 

42499 

90520 

4-1072 

89764 

46632 

88981 

47178 

88172 

48710 

87335 

51 

10 

42525 

90507 

4409S 

89752 

45658 

88968 

47204 

8815{i 

48736 

87321 

50 

11 

42552 

90495 

44124 

89739 

46684 

88955 

47229 

S314-1 

48761 

87306 

4S 

12 

42578 

90483 

4-1151 

89726 

45710 

88942 

47255 

88130 

48786 

87292 

48 

13 

4260^ 

1)0  i70 

44177 

89713 

45736 

88928 

472811  88117 

48811 

87278 

47 

14 

42631 

90458 

44203 

89700!  46762 

88915 

47306)  88103 

48837 

87264 

46 

15 

42657 

90+16 

+V229 

896H7  46787 

88902 

47332!  88089 

4S862 

87250 

43 

16 

.  4'2GC.3 

90433 

'14255 

89674  4.5813 

88888 

47358]  88075 

48838 

87235 

44 

17 

4^2709 

90121 

44281 

89662  45839 
896491  45365 

88875 

47383]  88062 

48913 

87221 

43 

18 

42736 

9G40a 

44307 

88862 
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48938 
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4S 
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44333 
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88348 

47-134 

88034 

4896^ 
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41 

20 
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87178 

40 
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90371 

44385 

47486 

88006 
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39 

22 

4284J 

90358 

4^1411 
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47511 

87993 

49040 

87150 

38 

23 

■  42HG7 

90346 

44437 

89584:  '15994!  88795 

47537 

87979 

4-9065 

87136 

37 

24 

42894 

90334 

44464^ 

895711  46020 

88782 
88768 

47562 

87966 

49090 

87121 

36 

25 

42920 

90321 

44490 

895581  46046 

47588;  87961 

49116 

87107 

35 

26 

42946 

90309 

44516 

89545!  460721  88755 

47614*  87937 

49141 

87093 

34 

27 

42972 

90296 

44542 

89532!  46097J  88741 

47639J  87923 

49166 

87079 

33 

28 

42999 

90284 

44568 

895191  46123'  88728 

47666J  87909 

49192 

87064 

3S 

29 

43025 

90271 

44594 

89506!  46149 

88716 

47690|  87896 

49217 

87050 

31 

30 

43051 

90259 

44620 

89493'  46175 

88701 

47716:  8788!^ 

49242 

87036 

SO 

31 

43077 

90246 

44646 

89480|  4(i201 

88688 

477411  87868 

49268 

87021 

39 

32 

43104 

90233 

44672 

89467!  46226 

88674 

477671  87854 

49293 

87007 

28 

33 

43130 

90221 

44698 

89464|  46252 

88661 

47793 

87840 

49318 

86993 

rr 

34 

43156 

90208 

44724 

894411  46278!  88647 

47818 

87826 

493-14 

86978 

S6 

35 

43182 

90196 

44750 

894281  46304i  88634 

47844 

87812 

49369 

869M 

ts 

36 

43209 

90183 

44776 

89415;  46330J  88620 

47869 

87798 

49394 

86949 

u 

37 

43235 

90171 

44802 

89402 

46366  88607 

47896 

87784 

49419 

86936 

ss 

38 

43261 

90158 

44828 

89389 

46381  88593 

47920 

87770 

49445 

86921 

ft 

39 

43287 

90146 

44854 

89376 

46407  88580 

47946 

87756 

49470 

86906 

SI 

40 

43313 

90133 

44880 

89363 

46433 

88666 

47971 

87743 

49496 

86892 

so 

41 

43340 

90120 

44906 

89350 

46458 

88553 

47997 

87729 

49621 

86878 

19 

42 

43366 

901 08 

44932 

89337 

46484 

«i3539 

48022;  87716 

49644> 

86863 

18 

43 

43392 

90095 

'44958 

89324 

46610 

88626 

48048 

87701 

49571 

86849 

17 

44 

43418 

90082 

44984 

89311 

46536 

88612 

48073 

87687 

49696 

86834 

16 

45 

43445 

90070 

46010 

89298 

46561 

88499 

48099 

87673 

49622 

86820 

U 

46 

43471 

90067 

46036 

89285 

46687 

88486 

48124 

87659 

49647 

86806 

14 

47 

43497 

90045 

45062 

89272 

46613 

88472 

48150 

87646 

49672 

86791 

13 

48 

43623 

90032 

45088 

89259 

'46639 

88458 

48176 

87631 

49697 

86777 

It 

49 

43649 

90019 

45114 

89246 

46664 

88446 

48201 

87617 

49723 

86762 

If 

50 

43575 

90007 

46140 

89232 

46690 

88431 

48226 

87603 

49748 

86748 

10 

51 

43602 

89994 

45166 

89219 

46716 

88417 

48252 

87689 

49773 

86733 

9 

62 

43628 

89981 

46192 

89206 

46742 

88404 

48277 

87676 

49798 

86719 

8 

63 

43654 

89968 

45218 

89193 

46767 

88390 

48303 

87661 

49821 

867W 

7 

54 

^3680 

89956 

45243 

89180 

46793 

88377 

48328  87546 

49849 

86690 

6 

66 

43706 

89943 

45269 

89167 

46819 

88363 

4835« 

87632 

49874 

86676 

5 

66 

43733 

89930 

45295 

89153 

468U 

88349 

48379 

87518 

49899 

86661 

4 

67 

43759 

89918 

45321 

89140 

46870 

88336 

48405 

87504 

49924 

86646 

3 

68 

43785 

89905 

45347 

89127 

46896 

88322 

48430 

87490 

49950 

8663S 

S 

69 

43811 

89892 

45373 

89U4 

46921 

88308 

48456 

87476 

49976 

86617 

1 

60 

43837 

89879 

45399 

89101 

46947 

88295 

48481 

87462 

50000 

86603 

0 

N.  COS.  N.8ine.'N.  cos.'N.sme.'N.  cos.'I>i'.sliicJ 

XV.  cos.ljN.sJoe.J 

N.  cbs. 

Pi.siflc. 

M. 

1 

640    I    63°    1    62°    1 

61°    1 

60* 

> 

1.  . 

^^.v 


TABLE  XXIV. 

I6i 

OP  NATURAL  SINES. 

30°    1    310 

1    320 

1    83«    1    340  ' 

\ 

M. 

N.sine. 

N.  COS. 

M.sin.-. 

M.  COS. 

X.siiie. 

IS.  COS. 

N.8inc. 

N.  co8.iN.sine.jN.  co8.i 

0 

60000 

86603 

61504 

85717 

52992 

84805}  54464 

83867 

55919 

82904 

60 

1 

50025 

86588 

51529 

85702 

53017 

84789 

54488 

83851 

65943 

82887 

69 

2 

60050 

86673 

51654 

85687 

53041 

84774 

54513 

83835 

55968 

82871 

58 

3 

50076 

86559 

51'679 

85672 

53066 

84759 

54637 

83819 

55992 

82855 

57 

4 

50101 

86544 

61604 

85657 

53091 

8474:5 

64661 

83804 

56016 

82839 

56 

5 

60126 

86530 

51628 

85G42 

63115 

84728 

54686 

83788 

56040 

82822 

65 

6 

60151 

86515 

51653 

85627 

63140 

84712 

54610 

83772 

66064 

82306 

54 

7 

60176 

86501 

51678 

85612 

53164 

84697 

54635 

83756 

66088 

82790 

53 

8 

60201 

86486 

61703 

85597 

53189 

84681 

54659 

83740 

56112 

82773 

52 

9 

50227 

86471 

61728 

85582 

63214 

84666 

54683 

83724 

66136 

82767 

51 

10 

50252 

864^7 

51753 

85567 

53238 

84660 

54703 

83708 

56160 

82741 

50 

11 

60277 

86442 

61778 

86651 

53263 

84635 

54732 

83692 

56184 

82724 

49 

12 

50302 

86427 

51803 

36636 

63288 

84619 

64766 

83676 

66208 

82708 

48 

13 

60327 

86413 

51828 

86621 

53312 

84604 

64781 

83660 

66232 

82692 

47 

14 

50352 

86398 

61862 

85606 

53337 

84588 

54805 

83645 

66266 

82675 

46 

15 

60377 

86384 

51877 

85491 

53361 

84573 

64829 

83629 

56280 

82669 

45 

16 

50403 

86369 

61902 

85476 

53386 

84557 

54854 

83613 

66305 

82643 

44 

17 

50428 

86354 

61927 

85461 

63411 

84542 

64878 

83597 

66329 

82626 

43 

18 

50453 

86340 

61952 

85146 

53435 

81526 

64902 

83581 

66353 

82610 

42 

19 

60478 

86325 

61977 

86431 

63460 

84511 

64927 

83665 

56377 

82693 

41 

20 

50503 

86310 

52002 

85416 

63484 

84495 

54951 

83649 

56401 

82577 

40 

21 

50528 

86296 

52026 

85401 

63509 

84480 

54975 

83533 

66425 

32561 

39 

22 

50553 

86281 

52051 

85385 

63534 

84464 

64999 

83517 

56449 

82544 

38 

23 

60578 

♦86266 

52076 

85370 

53558 

84448 

55024 

83501 

56473 

82528 

37 

24 

6C603 

86251 

52101 

85355 

53583 

84433 

55048 

83485 

56497 

82511 

36 

25 

60628 

86237 

52126 

85340 

53607 

84417 

65072 

83469 

66521 

82495 

35 

26 

50654 

86222 

62161 

86325 

53632 

84402 

55Q97 

83453 

56545 

82478 

34 

27 

60679 

86207 

62176 

85310 

5ti656 

84386 

65121 

83437 

66669 

82462 

33 

28 

60704 

86192 

62200 

85294 

53681 

84370 

55145 

83421 

56593 

82446 

32 

29 

66729 

86178 

52225 

85279 

53706 

84365 

65169 

83406 

66617 

82429 

31 

30 

60754 

86163 

62250 

85264 

63730 

84339 

65194 

83389 

56641 

82413 

SO 

31 

60779 

86148 

52276 

85249 

63754 

84324 

65218 

83373 

^  66666 

82396 

29 

. 

32 

60804 

86133 

52299 

85234 

63779 

84308 

66242 

83366 

56689 

82380 

28 

33 

60829 

86119 

62324 

85218 

63804 

84292 

55266 

83340 

56713 

82363 

27 

34 

50864 

86104 

52349 

85203 

53828 

84277 

66291 

83324 

56736 

82347 

26 

35 

60879 

86089 

62374 

85188 

53853 

84261 

65316 

83308 

56760 

82330 

26 

36 

50904 

86074 

62399 

85173 

63877 

84245 

66339 

83292 

66784 

82314 

24 

37 

60929 

86069 

52423 

86157 

53902 

84230 

65363 

83276 

56808 

82297 

23 

38 

60964 

86046 

52448 

86142 

53926 

84214 

65388 

83260 

56832 

82281 

22 

39 

50979 

86030 

62473 

85127 

63961 

84198 

55412 

83244 

56856 

82264 

21 

40 

61004 

86015 

62498 

^6112 

53975 

84182 

65436 

83228 

56880 

82248 

20 

41 

61029 

86000 

62522 

85096 

54000 

84167 

65460 

83212 

56904 

82231 

19 

42 

61054 

86985 

62547 

86081 

54024 

84151 

55484 

83195 

56928 

82214 

18 

43 

61079 

85970 

62672 

86066 

54049 

84135 

55609 

83179 

66962 

82198 

17 

44 

61104 

85966 

62597 

85051 

54073 

84120 

56633 

83163 

56976 

82181 

16 

45 

51129 

85941 

52621 

86036 

54097 

84104 

56657 

83147 

57000 

82165 

15 

46 

51164 

85926 

62646 

86020 

54122 

84088 

65581 

83131 

57024 

82148 

14 

47 

51179 

85911 

62671 

85006 

'54146 

84072 

56605 

83116 

67047 

82132 

13 

48 

61204 

85896 

52696 

84989 

54171 

84057 

66630 

83098 

67071 

82116 

12 

49 

51229 

85881 

52720 

84974 

64195 

84041 

56654 

83082 

57096 

82098 

11 

50 

61254 

86866 

52746 

84969 

54220 

84026 

55678 

83066 

67115 

82082 

10 

-ei 

61279 

86851 

52770 

84943 

54244 

84009 

56702 

83060 

67143 

82065 

9 

62 

61304 

85836 

52794 

84928 

54269 

83994 

66726 

83034 

57167 

82048 

8 

53 

61329 

86821 

52819 

84913 

54293 

83978 

56750 

83017 

5719JI 

82032 

7 

54 

51354 

86806 

62844 

84897 

54317 

8396^ 

55775 

83001 

67216 

82016 

6 

55 

51379 

85792 

52869 

84882 

64342 

83946 

56799 

82985 

57238 

81999 

5 

56 

51404 

86777 

62893 

84866 

64366 

83930 

56823 

82969 

67262 

81982 

4 

57 

51429 

86762 

52918 

84851 

64391 

83916 

65847 

82963 

67286 

81966 

3 

58 

51454 

85747 

62943 

84836 

5^W15 

83899 

65871 

82936 

57310 

81949 

2 

69 

51479 

86732 

52967 

84820 

54440 

83883 

56896 

82920 

57334 

81932 

1 

^ 

51504 

86717 

52992 

84805 

54464 

83867 

55919 

82904 

57358 

81916 

0 

i 

JN.  cos.N.sine.'N.  cos.'N.sine. 

N.  COS. 

N.suie. 

N.  COS. 

N.sine. 

N.  cos. 

Njiine. 

M. 

1    J 

59°    [  '  680 

67° 

\    /  66^          1    56^         1 

^^.v 
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TABLE  XXIV. 

OP  NATURAL  SINES,  . 

1 

36^    1    36°    1 

37^    1    380    1    39^    ] 

- 

M. 

N.sine. 

N.  COS. 

N.sine. 

N.  COS. 

N.sine.  N.  cos. 

N.sine.  N.  cos  N.sine.|N.  cos. 

■"o 

67358 

81915 

68779 

80902 

60182 

79864 

61566  78801 

62932|  77715 

60 

1 

57381 

81899 

58802 

80885 

60205 

79846 

61589 

78783 

62955 

77696 

69 

2 

57405 

81882 

68826 

80867 

60228 

79829 

61612 

78765 

62977 

77618 

68 

3 

57429 

81865 

58849 

80850 

60251 

79811 

61636 

78747 

63000 

77660 

67 

4 

67463 

81848 

58873 

80833 

60274 

79793 

61658 

78729 

63022 

77641 

66 

5 

57477 

81832 

68896 

80816 

60298 

79776 

61681 

78711 

63045 

77623 

65 

6 

57601 

81815 

68920 

80799 

60321 

79758 

61704 

78694 

63068 

77605 

64 

7 

57624 

81798 

68943 

80782 

60344 

79741 

61726 

78676 

63090 

77586 

63 

8 

67548 

81782 

68967 

80765 

60367 

79723 

61749 

78658 

63113 

77568 

52 

9 

67672 

81765 

58990 

80748 

60390 

79706 

61772 

78640 

63135 

77560 

61 

10 

67696 

81748 

69014 

80730 

60414 

79638 

61795 

78622 

63168 

77531 

60 

11 

57619 

81731 

69037 

80713 

60437 

79671 

61318 

78604 

63180 

77513 

49 

12 

57643 

81714 

69061 

80696 

60460 

79653 

61841 

78586 

63203 

77494 

48 

13 

67667 

81698 

69084 

80679 

60483 

79635 

61864 

78568 

63225 

77476 

47 

U 

57691 

81681 

69108 

80662 

60506 

79618 

61887 

78550 

63248 

77458 

46   .■ 

15 

57715 

81664 

69131 

80644 

60529 

79600 

61909 

78532 

63271 

77439 

46   i 

16 

57738 

81647 

69154 

80627 

60553 

79583 

61932 

73514 

63293 

77421 

44 

17 

67762 

81631 

59178 

80610 

60576 

79565 

61955 

78496 

63316 

77402 

43 

18 

67786 

81614 

59201 

80593 

60599 

79547 

61978 

78478 

63338 

77384 

42 

19 

57810 

81597 

59225 

80576 

60622 

79530 

62001 

78460 

63361 

77366 

41 

20 

67833 

81580 

59248 

8055« 

60645 

79512 

62024 

78442 

63383 

77347 

40 

21 

67857 

31563 

59272 

80541 

60663 

79494 

62046 

78424 

634(»6 

77329 

39 

22 

57881 

81646 

59295 

80524 

60691 

79477 

62069 

78405 

63428 

77310 

38 

23 

57904 

81630 

59318 

80507 

60714 

79459 

62092 

78387 

63451 

77292 

37 

24 

57928 

81513 

59342 

8048i» 

60733 

79441 

62115 

78369 

63473 

77273 

86 

25 

57952 

81496 

69365 

80472 

60761 

79424 

62138 

73351 

63496 

77255 

36 

26 

57976 

81479 

59389 

80455 

60784 

79406 

62160 

78333 

63518 

77236 

34 

27 

67999 

81462 

59412 

80438 

60807 

79388 

62183 

78315 

63540 

77218 

33 

28 

58023 

81445 

69436 

80420 

60830 

79371 

62206 

78297 

63563 

77199 

32 

29 

68047 

81428 

69459 

80403 

60853 

79353 

62229 

78279 

63685 

77181 

31 

30 

68070 

81412 

59482 

80386 

60876 

79335 

62251 

78261 

63608 

77162 

30 

31 

58094 

81395 

59506 

80368 

60899 

79318 

62274 

78243 

63630 

77144 

29 

32 

58118 

81378 

69629 

80351 

60922 

79300 

62297 

78225 

63653 

77126 

28 

33 

68141 

81361 

69552 

80334 

60945 

79282 

62320 

78206 

63676 

77107 

27 

34 

58165 

81344 

59576 

80316 

60968 

79264 

62342 

78188 

63698 

77088 

26 

35 

58189 

81327 

69599 

80299 

60991 

79247 

62365 

78170 

63720 

77070 

25 

1 

36 

68212 

81310 

69622 

80282 

61015 

79229 

62388 

78152 

63742 

77051 

24 

f 

37 

58236 

81293 

59646 

80264 

61038 

79211 

62411 

78134 

63765 

77033 

23 

1 

38 

58260 

81276 

59669 

80247 

61061 

791i>3 

62433 

78116 

63787 

77014 

99 

1 

39 

58283 

81259 

59693 

80230 

61084 

79176 

62456 

78098 

63810 

7699G 

il 

1 

40 

68307 

81242 

59716 

80212 

61107 

79158 

62479 

78079 

63832 

76977 

so 

41 

68330 

81225 

69739 

80195 

61130 

79140 

62502 

78061 

63854 

76959 

19 

42 

68354 

81208 

59763 

80178 

61153 

79122 

62524 

7804S 

63877 

76940 

18 

43 

53378 

81191 

59786 

80160 

61176 

79105 

62547 

78025 

63899 

76921 

17 

' 

44 

58401 

81174 

59809 

80143 

61199 

79087 

62570 

78007 

63922 

76903 

16 

> 

45 

68425 

81157 

59832 

80125 

61222' 

79069 

62592 

77988 

63944 

76884 

15 

46 

58449 

8114« 

59356 

80108 

61245 

79051 

62615 

77970 

63966 

7686G 

14 

47 

58472 

81123 

69879 

80091 

61268 

79033 

62638 

77952 

63989 

76847 

13 

48 

58496 

8U06 

69902 

80073 

61291 

79016 

62660 

77934 

64011 

76828 

12  J  t 

49 

58519 

81089 

59926 

80056 

61314 

78998 

62683 

77916 

64033 

76810 

11 

50 

58543 

81072 

59949 

80038 

61337 

78980 

62706 

77897 

64056 

76791 

10 

51 

58567 

81055 

59972 

80021 

61360 

78962 

62728 

77879 

64078 

76772 

9 

52 

58590 

81038 

59995 

80003 

61383 

78944 

62761 

77861 

64100 

76764 

8 

53 

68614 

81021 

60019 

79986 

61406 

78926 

62774 

77843 

64123 

76735 

7 

54 

58637 

81004 

60042 

79968 

.61429 

78908 

62796 

77824 

64145 

76717 

6 

55 

58661 

80987 

60065 

7yy5l 

61451 

78891 

62819 

77806 

64167 

76698 

5 

56 

68684 

80970 

60089 

79934 

61474 

78873 

62842 

7778R 

64190 

76679 

4 

57 

68708 

80953 

60112 

79916 

61497 

78865 

62864 

77769 

64212 

76661 

5 

58 

58731 

80936 

60135 

79899 

61520 

78837 

62887 

77751 

64234 

76642 

s 

59 

68755 

80919''  60158 

79881 

61543 

78819 

62909 

77733  64256 

76623 

I 

60 

58779 

809021  60182 

79864 

61566 

78801 

62932 

777 15|  64279 

76604 

0  '  1 

iN.  COS. 

N.sine.lN.  cos. 

N.5ine. 

N.  COS. 

N.sine. 

N.  COS. 

N.sine.lN.  cos.'N.sinr. 

M.  ■  ' 

640    J    530 

^    52^    J     51°    1    500 

1 u 

.^.v 
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TABLE  XXIV. 

167 

OF  NATURAL  SINES. 

1 

1    40°    1    41 

o 

4^ 

2° 

1    43^     1    440 

1 

r 

M. 

N.sine.JN.  cos.,N.sirie. 

N.  COS. 

N.sine. 

N.  COS. 

N.sine. 

N.  cos.jN.sine. 

N.  COS. 

0 

64279'  76604,'  CJ606 

75471 

66913 

74314 

68200 

73135 
73116 

69466 

71934 

60 

1 

64301 i  7CdH6 

65628 

75452 

66935 

74295 

68221 

69487 

71914 

69 

2 

"64323  76567 

65650 

75433 

66956 

74276 

68242 

73096 

69508 

71394 

68 

3 

64316  76548 

65672 

75414 

66978 

74256 

68264 

73076 

69529 

71873 

67 

4 

64368  76530 

65694 

75395 

66999 

74237 

68285 

73056 

69549 

71853 

66 

5 

64390  76511 

65716 

75375 

67021 

74217 

68306 

73036 

69*70 

71833 

65 

6 

644121  76492 

65738 

75356 

67043 

74198 

68327 

73016 

69591 

71813 

64 

7 

64435 

76473 

65759 

75337 

67064 

74178 

68349 

72996 

69612 

71792 

63 

a 

64467 

76455 

66781 

75318 

67086 

74159 

68370 

72976 

69633 

71772 

62 

9 

64479 

76436 

65803 

75299 

67107 

74139 

68391 

72957 

69654 

71752 

61 

10 

64501 

76417 

65825 

75280 

67129 

74120 

68412 

72937 

69675 

71732 

60 

11 

64524 

76398 

65847 

75261 

67161 

74100 

68434 

72917 

69696 

71711 

49 

n 

64546 

76380 

65869 

75241 

67172 

74080 

68455 

72897 

69717 

71691 

48 

13 

64568 

76361 

65891 

75222 

67194 

74061 

68476 

72877 

69737 

71671 

47 

14 

64590 

76342 

65913 

75203 

67216 

74041 

68497 

72857 

69758 

71660 

46 

15 

64612 

76323 

65935 

75184 

67237 

74022 

68518 

72837 

69779 

71630 

46 

16 

6-i635 

76304 

65956 

75165 

67258 

74002 

68539 

72817 

69800 

71610 

44 

17 

64657 

76286 

65978 

75146 

67280 

73983 

68561 

72797 

69821 

71690 

43 

18 

64679 

762G7 

66000 

75126 

67301 

73963 

68582 

72777 

69842 

71669 

42 

19 

64701 

76248 

66022 

75107 

67323 

73944 

68603 

72757 

69862 

71549 

41 

SO 

64723 

76229 

66044 

75088 

67344 

73924 

68624 

72737 

69883 

71629 

40 

21 

64746 

76210 

66066 

75069 

67366 

73904 

68645 

72717 

69904 

71608 

39 

22 

64768 

76192 

66088 

75050 

67387 

73885 

68666 

72697 

69925 

71488 

38 

23 

64790 

76173 

66109 

75030 

67409 

73865 

68688 

72677 

69946 

71468 

87 

24 

64812 

76154 

66131 

75011 

67430 

73846 

68709 

72667 

69966 

71447 

36 

25 

64834 

76135 

66153 

74992 

67452 

73826 

68730 

72637 

69987 

71427 

36 

26 

■64866 

76116 

66175 

74973 

67473 

73806 

68761 

72617 

70008 

71407 

34 

27 

64878 

76097 

66197 

74953 

67495 

73787 

68772 

72697 

70029 

7138(5 

33 

28 

64901 

76078 

66218 

74934 

67516 

73767 

68793 

72677 

70049 

71366 

32 

29 

64923 

76059 

66240 

74915 

67538 

73747 

68814 

72667 

70070 

71346 

31 

30 

64945 

76041 

66262 

74396 

67559 

73728 

68836 

72537 

70091 

71326 

30 

31 

64967 

76022 

66284 

7487G 

67580 

73708 

68867 

72517 

70112 

71306 

29 

32 

64989 

76003 

66306 

74857 

67602 

73688 

68878 

72497 

70132 

71284 

28 

33 

65011 

75984 

66327 

74838 

67623 

73669 

68899 

72477 

70163 

71264 

27 

34 

65033 

76965 

66349 

74818 

67645 

73649 

68920 

72467 

70174 

71243 

26 

36 

65055 

76946 

66371 

74799 

67666 

73629 

68941 

72437 

70196 

71223 

26 

36 

65077 

75927 

66393 

74780 
74760 

67688 
67709 

73610 
73590 

68962 
68983 

72417 
72397 

70216 

71203 

24 

37 

65100 

75908 

66414 

70236 

71182 

28 

38 

65122 

75889 

66436 

74741 

67730 

73570 

69004 

72377 

70267 

71162 

22 

' 

39 

66144 

75870 

66468 

74722 

67752 

73651 

69025 

72367 

70277 

71141 

21 

40 

65166 

76851 

66480 

74703 

67773 

73631 

69046 

72337 

70298 

71121 

SO 

41 

66188 

76832 

66601 

74688 

67795 

73511 

69067 

72317 

70319 

71100 

19  ; 

42 
41 

65210 

76813 

66623 

74664 

67816 

73491 

69088 

72297 

70339 

71080 

18 

65232 

75794 

66545 

74644 

67837 

73472 

69109 

72277 

70360 

71059 

17 

44 

65254 

75775 

66666 

74625 

67859 

73462 

69130 

72267 

70381 

71039 

16 

45 

65276 

76756 

66588 

74606 

67880 

73432 

69151 

72236 

70401 

71019 

16 

46 

65298 

76738 

66610 

74686 

67901 

73413 

69172 

72216 

70422 

70998 

14 

47 

66320 

76719 

66632 

74667 

67923 

73393 

69193 

72196 

70443 

70978 

13 

48 

66342 

76700 

.66653 

74648 

67944 

73373 

69214 

72176 

70463 

70967 

12 

49 

66364 

76680 

66675 

74628 

67965 

73353 

69236 

72156 

70484 

70937 

11 

M 

65386 

75661 

66697 

74609 

67987 

73333 

69256 

72136 

70606 

70916 

10 

61 

66408 

76642 

66718 

74489 

68008 

73314 

69277 

72116 

70626 

70896 

9 

-52 

66430 

76623 

66740 

74470 

68029 

73294 

69298 

72095 

70646 

70876 

8 

63 

66462 

76604 

66762 

74461 

68061 

73274 

69319 

72076 

70567 

70866 

7 

64 

66474 

76686 

66783 

74431 

68072 

73264 

69340 

72056 

70687 

70834 

6 

66 

66496 

75566 

66805 

74412 

68093 

73234 

69361 

72036 

70608 

70813 

6 

66 

66618 

75647 

66827 

74392 

68115 

73216 

69382 

72016 

70628 

70793 

4 

67 

66640 

76628 

66848 

74373 

68136 

73196 

69403 

71996 

70649 

70772 

3 

68 

66662 

76609 

66870 

74363 

68167 

73175 

69424 

71974 

70670 

70752 

2 

S9 

66684 

76490 

66891 

74334 

68179 

73165 

69445 

71964 

70690 

70731 

1 

1 
1 

60 

66606 

75471 

66913 

74314 

68200 

73135 

694661  71934 

70711 

70711 

0 

N.  COS. 

N.sine. 

N.  cos.j 

N.sine. 

N.  COS. 

N.8Uie. 

N.  cos.l N.sine. 

N.  cos. 

N.sine. 

M. 

T — 

49«    1    48°    I 

4 

^°,  i 

46"    . 
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Zt 

«j 
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TABLE.  XXV. 


Of  Logarithmic  Sines,  Tangents,  and  Secants  to  every  Toint  and  Quarter 
Point  of  the  Compass. 


Points. 


0 

n 

Of 


Sine. 


Inf.  ncg. 
8.69080 
8.99130 
9.16662 


Co.  sine. 


10.00000 
9.99948 
9.99790 
9. 99327 


Tangent. 


Inf.  neg. 
8.69132 
8.99340 
9.17125 


Co.  tang. 


Infinite. 
11.30868 
11.00660 
I0.8£87d 


Secant.    J  Co .  secant . 


10.00000 
10.00052 
10.00210 
10.00173 


Infinite. 
11. 30920 
11.00870 
10.83348 


8 
1  k 


i 
1  i 

1  I 


9.29024 
9.386S7 
9.46282 
9.62749 


9.99157 
9.98679 
9.98088 
9.97384 


9.29866 
9.39879 
9.48194 
9.55365 


10.70134 
10.60121 
10.51806 
10.44635 


10.00843 
10.01321 
10.01912 
10.02616 


10.70976 
10.61443 
10.53713 
10.47251 


7 
6i 


2 


!i 


9.58284 
9.63099 
9.67339 
9.71105 


9.96562 
9.95616 
9.94543 
9.93335 


9.61722 
9.67483 
9.72796 
9.77770 


10.38278 
10.32517 
10.27204 
10.22230 


10.03438 
10.04384 
10.05457 
10.06665 


10.41716 
10.36901 
10.32661 


6 

5  i 


l\ 


9.74474 
9.77503 
9.80236 
9.82708 


9.84949 


9.91986 
9.90483 
9.88819 
9.86979 


9.84949 


9.82489 
9.87020 
9.91417 
9.95729 


10.17511 
10.12980 
10.08583 
10.04271 


10.08015 
10.09517 
10.11181 
10.15021 


10.00000 


10.00000 


10.15051 


10.25526 
10.22497 
10.19764 
10.17202 


5 
*  I 

4i 


10.15051 


Co.  sine. 


Sine. 


Co.  tang.  I  Tangent. 


Co.  seeant. 


Secant.    I  Points. 


TABLE  XXVL 


LOGARITHMS  OF  NUMBERS. 


Log.  0.00000^:^1—2.00000. 


No.  1- 


-100. 


IT 


N.    j      Log. 


6 
7 
8 
9 
10 


Log. 


0.00000 
0.S0103 
0.47712 
0.60206 
0.69897 


0.77816 

0.90S09 
0:96424 
1.00000 


21 
22 
23 
24 
26 


26 
27 
28 
29 
30 


Log. 


1.32222 
1.34242 
1.36173 
1.38021 
1 .39794 


1.41497 
1.43136 
1.44716 
1.46240 
1,47712 


41 
42 
43 
44 
45 


46 
47 
48 
49 
60 


1.61278 
1.62325 
1.63347 
1.64345 
1.65321 


1.66276 
1.67210 
1.68124 
1 .69020 
1.69897 


1.70757 
1.71600 
1.72428 
1.73239 
1.74036 


61 
62 
63 
64 
66 


66 
67 
68 
68 
70 


Log. 


1 .78533 
I .79239 
1.79934 
1.80618 
1.61291 


1.81964 
1.82607 
1.83261 
1.83886 
1.84610 


81 
82 
83 
84 
86 


86 
87 
88 
89 
90 


Log. 


1.901f49 
1.91381 
1.91908 
1.924e8 
1.92942 


1.93450 
1.93552 
1.94442 
1. 91939 
1.9aU4 


11 
12 
13 
14 
15 


1.04139 
1.07918 
i: 11394 
1.14613 
1.17609 


31 
32 
33 
34 
36 


1.49136 
1 .60616 
1 461851 
1.53148 
1.64407 


51 
62 
63 
64 
66 


71 
72 
73 
74 
76 


1.85126 
1,85733 
1.86332 
1.869S3 
1.87606 


91 

92 
95 
94 
95 


1.95904 
1.96379 
1.96848 
1.97313 
1.97772 


16 
17 
18 
19 
20 


1.20412 
1.23046 
1.26627 
1.27876 
1.30103 


36 
37 
38 
39 
40 


1.66630 
1.66820 
1.67978 
1.69106 
1.60206 


66 
67 
68 
69 
60 


1.74819 
1 .75587 
1.76343 
1 .77086 
1.77816 


76 
77 
79 
79 
80 


1.88081 
1.88649 
1.89209 
1.89763 
1.90909 


96 
97 
98 
99 
100 


1.9Bii7 
1.98677 
1.99123 
1.99564 
2.O0O0O 


Digitized 


tized  by  V^jiJO-i  i>^ 


, 

TABLE  XXVL 

I6i; 

LOGARITHMS  OF  NUMBEBS. 

No.  100 1600.                                  Log.  00000 20412. 

No. 

0 

12     3 

4 

6 

6 

7 

8     9 

100 

00000 

00043!  00087  00180 

00178 

00217 

00260 

00303 

00346  00389 

101 

00432 

00476 

00518 

00661 

00604 

00647  00689 

007  J2 

007751  00817 

lot 

00860 

00903 

00946 

00988 

01030 

01072  01115 

01157 

01199  01242 

103 

01284 

01326 

01368 

01410 

01462 

0J494t  01636 

01678 

01620  01662 

104 

01703 

01746 

01787 

01828 

01870 

01912 

01953 

01996 

02036 

02078 

105 

02119 

02160 

02202 

02243 

02284 

02325 

02366 

02407 

02449 

02VJ0 

106 

02531 

02672 

02612 

02653 

02694 

02735 

02776 

02816 

028;W 

028i>8 

107 

02938 

02979 

03019 

03060 

03100 

03141 

03131 

032212 

032G2 

03302 

108 

03342 

03383 

03423 

03463 

03503 

036431  03583 

03623 

03663 

03703 

1 

109 

03743 

03782 

03822 

03862 

03902 

03941 

03981 

04021 

040r)0 

04  J  00 

no 

04139 

04179 

04218 

04268 

04297 

04336 

04376 

04415 

04454 

o-iriyj 

111 

04532 

04571 

04610 

04660 

04689 

04727 

04766 

048061  04844 

04883 

112 

04922 

04961 

04999 

06038 

06077 

05116 

05164 

06192 

05231,  05269 

113 

05308 

06346 

05385 

06423 

06461 

066001  06638 

06576 

05614 

05652 

114 

05690 

05729 

05767 

06806 

06843 

05881 

05918 

06956 

05994 

06032 

116 

06070 

06108'  06145 

06183 

06221 

06258 

06296 

063r>3 

06371 

06408 

116 

06446 

06483 

06621 

06668 

06596 

06633 

06670 

06707 

06744 

06781 

117 

06819 

06856 

06893 

06930 

06967 

07004 

07041 

07078 

07115 

07151 

118 

07188 

07226 

07S62 

07298 

07336 

07372 

07408 

074^ 

07482 

07518 

119 

07656 

07691 

07628 

07664 

07700 

07737 

07773 

07809 

07346 

07882 

i 

120 

07918 

07954 

07990 

08027 

08063 

08099 

08136 

08171 

08207 

08243 

• 

121 

08279 

08314 

08350 

08386 

08422 

08468 

08498 

08629 

08565 

08600 

122 

08636 

08672 

08707 

08743 

08778 

08814 

08849 

08884 

08920 

08966 

123 

08991 

09026 

09061 

09096 

09132 

09167 

09202 

09287 

09272 

09307 

124 

09342 

09377 

09412 

09447 

09482 

09617 

09652 

09687 

09621 

09656 

126 

09691 

09726 

09760 

09796 

09830 

09864 

09899 

09934 

09968 

10003 

126 

10037 

10072 

10^06 

10140 

10175 

10209 

10248 

10273 

10312 

10346 

127 
128 

10380 

10415 

10449 

10483 

10617 

10651 

10585 

10619 

10653 

10687 

10721 

10756 

10789 

10823 

10857 

10890 

10924 

10968 

10992 

11026 

129 

11059 

11093 

11126 

11160 

11193 

11227 

11261 

11294 

11327 

11361 

130 

11394 

11428 

11461 

11494 

11528 

11561 

11594 

11628 

11661 

11694 

131 

11727 

11760 

11793 

11826 

11860 

U898 

11926 

11969 

11992 

12024 

132 

12067 

12090 

12123 

12166 

12189 

12222 

12254 

12287 

12320 

12362 

133 

12386 

12418 

12460 

12483 

12516 

12648 

12581 

t2613 

12646 

12678 

134 

12710 

12743 

12776 

12808 

12840 

12872 

129# 

12937 

12969 

18001 

135 

13033 

13066 

18098 

13130 

13162 

13194 

13226 

13258 

13290 

13322 

136 

13354 

13386 

13418 

13460 

13481 

13613 

13545 

13577 

13609 

13640 

' 

137 

13672 

13704 

13735 

13767 

13799 

13880 

13862 

13893 

13926 

13956 

138 

13988 

14019 

14061 

14082 

14114 

14145 

14176 

14208 

14239 

14270 

139 

14301 

14333 

14364 

14895 

14426 

14457 

14489 

14620 

14651 

14582 

140 

14613 

14644 

14676 

14706 

14737 

14768 

14799 

14829 

14860 

14891 

141 

14922 

14963 

14983 

15014 

16046 

16076 

16106 

16137 

16168 

15198 

142 

16229 

16259 

16290 

15320 

15361 

16381 

16412 

16442 

15473 

15503 

143 

16634 

15664 

16694 

15626 

15656 

15686 

16715 

15746 

15776 

16806 

144 

16836 

16866 

15897 

16927 

16967 

16987 

16017 

16047 

16077 

16107 

145 

16137 

16167 

16197 

16227 

16256 

16286 

16316 

16346 

16376 

16406 

146 

16435 

16466 

16495 

16624 

16564 

16684 

16613 

16643 

16673 

16702 

147 

16732 

16761 

16791 

16820 

16860 

16879 

16909 

16938 

16967 

16997 

148 

17026 

17066 

17086 

17114 

17143 

17178 

17202 

17231 

17260 

17289 

149 

17319 

17348 

17377 

17406 

17436 

17464 

17493 

17622 

17661 

17680 

160 

17609 

17638 

17667 

17696 

17726 

17754 

17782 

17811 

17840 

17869 

161 

17898 

17926 

17965 

17984 

18013 

18041 

18070 

18099 

18127 

18166^ 

16S 

18184 

18213 

18241 

18270 

18298 

18327 

18365 

18384 

18412 

18441 

153 

18469 

18498 

18626 

18564 

18683 

18611 

18639 

18667 

18696 

18724 

154 

18762 

18780 

18808 

18837 

18865 

18898 

18921 

18949 

18977 

19005 

- 

155 

19033 

19061 

19089 

19117 

19146 

19173 

19201 

19229 

19267 

19285 

156 

19312 

19340 

19368 

19396 

19424 

19451 

19479 

19607 

19535 

19562 

157 
158 
169 
No. 

19690 

19618 

19646 

19678 

19700 

19728 

19766 

19788 

19811 

19838 

19866 

19893 

19921 

19948 

19976 

20003 

20030 

S0068 

20086 

20112 

20140 

20167 

20194  20222 

20249 

20276 

20303 

20330 

20358 

20385 

- 

0 

1 

2     3     4  1 

5 

6 

7 

8 

9 

% . 

X 
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TABLE  XXVI. 

LOGARITHMS  OF  NUMBSM. 

~N 

0.  1600 2200. 

Log.  20412 34244.  | 

No. 

0 

1 

2 

3     4  1 

5 

6 

7 

8 

9 

160 

20412 

20439 

20466 

20493  20520! 

20548 

20575 

20602 

20629 

20656 

161 

20683 

20710 

20737 

20763 

20790 

20817 

20844 

20871 

20898 

20926 

162 

20952 

20978 

21005 

21032 

21059 

21085 

21112 

^1139 

21165 

21199 

169 

21219 

21245 

21272 

21299 

21325 

21352 

21378 

21405 

21431 

21468 

164 

21484 

21511 

21537 

21564 

21590 

21617 

21648 

91669 

91696 

21729 

165 

21748 

21775 

21801 

21827 

21854 

21880 

21906 

21932 

21958 

91986 

166 

22011 

22037 

22063 

22089 

22115 

22141 

22167 

22194 

22220 

99946 

167 

22272 

22298 

22324 

22350 

22376 

22401 

22427 

22463 

22479 

99506 

168 

22531 

22557 

22583 

22608 

22634 

22660 

22686 

22712 

22737 

99763 

169 

22789 

22814 

22840 

22866 

22891 

22917 

22943 

22968 

22994 

93019 

170 

23045 

23070 

23096 

23121 

23147 

23172 

23198 

23223 

23249 

93274 

171 

23300 

23325 

23350 

23376 

23401 

23426 

23452 

23477 

23502 

23598 

172 

23553 

23578 

23603 

23629 

23654 

23679 

23704 

23729 

23764 

23779 

173 

23805 

23830 

23855 

23880 

23905 

23930 

23955 

23980 

24005 

24630 

174 

24055 

24080 

24105 

24130 

24155 

24180 

24204 

24229 

24254 

24279 

175 

24304 

24329 

24353 

24378 

24403 

24428 

24452 

24477 

24502 

24527 

176 

24551 

24576 

24601 

24625 

24650 

24674 

24699 

24724 

24748 

94773 

177 

24797 

24822 

24846 

24871 

24895 

24920 

24969 

24^93 

95018 

178 

25042 

25066 

25091 

25115 

25139 

25164 

25U8 

25212 

26237 

95261 

179 

25285 

25310 

25334 

25358 

25382 

25406 

25431 

25455 

25479 

25503 

180 

25527 

25551 

25576 

25600 

26624 

25648 

26672 

25696 

25720 

25744 

181 

25768 

25792 

25816 

25840 

25864 

25888 

25912 

25935 

25959 

25983 

182 

26007 

26031 

26055 

26079 

26102 

26126 

26150 

26174 

26198 

26221 

183 

26245 

26269 

26293 

26316 

26340 

26364 

26337 

26411 

26435 

26458 

184 

26482 

26505 

26529 

26553 

26576 

26600 

26623 

26647 

26670 

26694 

185 

26717 

26741 

26764 

26788 

26811 

26834 

26858 

26881 

26905 

26998 

186 

26951 

26975 

26998 

27021 

27046 

27068 

27091 

27114 

27138 

97161 

187 

27184 

27207 

27231 

27254 

2^277 

27300 

27323 

27346 

27370 

97393 

188 

27416 

27439 

27462 

27485 

27508 

27531 

27554 

27677 

27600 

2762^ 

189 

27646 

27669 

27692 

27715 

27738 

27761 

27784 

27807 

27830 

27852 

190 

27875 

27898 

27921 

27944 

27967 

27989 

28012 

28035 

28058 

28061 

191 

28103 

28126 

28149 

28171 

28194 

28217 

28240 

28262 

28285 

28307 

192 

28330 

28353 

28375 

28398 

28421 

28443 

28466 

28488 

28511 

28533 

193 

28556 

2857tf 

•28601 

28623 

28646 

28668 

28691 

28713 

28735 

28758 

194 

28780 

28803 

^9gSt5 

28847 

28870 

28892 

28914 

28937 

28959 

28981 

195 

29003 

29026 

29048 

29070 

29092 

29115 

29137 

29159 

29181 

29203 

196 

29226 

29248 

29270 

29292 

29314 

29336 

29358 

29380 

29403 

99426 

197 

29447 

29469 

29491 

29513 

29535 

29567 

29679 

29601 

29623 

99646 

198 

29667 

29688 

29710 

29732 

29754 

29776 

29798 

29820 

29842 

99863 

199 

29885 

29907 

29929 

29951 

29973 

29994 

30016 

30038 

30060 

30081 

200 

30103 

30125 

30146 

30168 

30190 

30211 

30233 

30955 

30276 

30998 

201 

30390 

30341 

30363 

30384 

30406 

30428 

30449 

30471 

30492 

30514 

202 

30536 

30567 

30578 

30600 

30621 

30643 

30664 

30686 

30707 

30798 

203 

30750 

30771 

30792 

30814 

30835 

30856 

30878 

30899 

30990 

30949 

204- 

30963 

30984 

31006 

31027 

31048 

31069 

31091 

31119 

31133 

31154 

,205 

31176 

31197 

31218 

31939 

31260 

31281 

31302 

31393 

31346 

31366 

1 

i06 

31387 

31400 

31429 

31450 

31471 

31492 

31513 

31634 

31566 

31576 

1 

207 

31597 

31618 

31639 

31660 

31681 

3170^ 

31793 

31744 

31766 

31786 

1 
1 

208 

31806 

31827 

31848 

31869 

31890 

31911 

31931 

31959 

31978 

31994 

I 

209 

39015 

39035 

32066 

32077 

32098 

32118 

39139 

39160 

32181 

39901 

t 

210 

32222 

32243 

32263 

32284 

32306 

39325 

32346 

39366 

39387 

32408 

2U 

39428 

32449 

32469 

3249(^ 

32510 

32531 

39662 

39572 

39693 

39613 

212 

32634 

32654 

32676 

32695 

32716 

39736 

32756 

38777 

32797 

32818 

213 

32838 

32858 

32879 

32899 

32919 

32940 

39960 

39980 

33CN)1 

33021 

214 

33041 

33062 

33082 

33102 

33122 

33143 

33163 

33183 

33903 

33294 

215 

33244 

33264 

33284 

33304 

33325 

33346 

33366 

33385 

33406 

33496 

216 

33445 

33465 

33486 

33606 

33696 

33546 

33566 

33586 

3360^ 

33696 

217 

33646 

33666 

33686 

33706 

33726 

33746 

33766 

33786 

33806 

33896 

218 

33846 

33666 

33885 

33905 

33925 

33946 

33965 

33986 

34006 

34096 

219 

34044 

34064 

34084 

34104 

34124 

34143 

34163 

34183 

34903 

34293 

_ 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

^^.v 


TABLE  XXVL 

1 

LOOAKITHMS  OP  NUMBBftS. 

No.  2200 ^2800.                      Log.  34242 44716. 

1  No. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

i  220 

34242 

34262 

34282 

34301 

34321 

34341 

34361 

34380 

34400 

34420 

221 

34439 

34459 

34479 

34498 

34518 

34637 

34557 

34577 

34596 

34616 

222 

34635 

34655 

34674 

34694 

34713 

34733 

34753 

34772 

34792 

34811 

22S 

34830 

34850 

34869 

34889 

34908 

34928 

34947 

34967 

34986 

33005 

224 

35025 

35044 

35064 

35083 

36102 

35122 

35141 

35160 

35180 

35199 

225 

35218 

35238 

36257 

36276 

36296 

35316 

35334 

36353 

35372 

35392 

226 

35411 

35430 

35449 

36468 

35488 

35507 

35526 

35545 

35664 

35583 

227 

35603 

35622 

35641 

3^5660 

35679 

35698 

35717 

35736 

36755 

35774 

228 

35793 

35813 

35832 

35851 

35870 

35889 

35908 

35927 

35946 

35965 

229 

35984 

36003 

36021 

3604O 

36069 

36078 

36097 

36116 

36135 

36154 

iao 

86173 

36192 

36211 

36229 

36248 

36267 

36286 

36305 

36324 

363^12 

231 

36361 

36380 

36399 

36418 

36436 

36455 

36474 

36493 

36511 

36530 

232 

36549 

36568 

36686 

36605 

36624 

36642 

36661 

36680 

36698 

36717 

233 

36736 

36754 

36773 

36791 

36810 

36829 

36847 

36866 

36884 

36903 

234 

36922 

36940 

36959 

36977 

36996 

37014 

37033 

37061 

37070 

37088 

235 

37107 

37126 

37144 

37162 

37181 

37199 

37218 

37236 

37264 

37273 

236 

37291 

37310 

37328 

37346 

37365 

37383 

37401 

37420 

37438 

37457 

237 

37475 

37493 

37511 

37530 

37548 

37566 

37685 

37603 

37621 

37639 

238 

37658 

37676 

37694 

37712 

37731 

37749 

37767 

37785 

37803 

37822 

239 

37840 

37868 

37876 

37894 

37912 

37931 

37949 

37967 

37935 

38003 

240 

38021 

38039 

38057 

38075 

38093 

38112 

38130 

38148 

38166 

38134 

241 

38202 

38220 

38238 

38256 

38274 

38292 

38310 

38328 

38346 

38364 

242 

38382 

38399 

38417 

38436 

38453 

38471 

38489 

38507 

38525 

38543 

243 

38561 

38578 

88596 

38614 

38632 

38650 

38668 

38686 

38703 

38721 

244 

38739 

38767 

38775 

38792 

38810 

38828 

38846 

38863 

38881 

38899 

245 

38917 

38934 

38962 

38970 

38987 

39005 

39023 

39041 

39058 

39076 

246 

39094 

39111 

39129 

39146 

59164 

39182 

39199 

39217 

39236 

39252 

247 

39270 

39287 

39306 

39322 

39340 

39358 

39375 

39393 

39410 

39428 

248 

39445 

39463 

39480 

39498 

39515 

39533 

39550 

39568 

39585 

39602 

249 

39620 

39687 

39656 

39672 

39690 

39707 

89724 

39742 

39759 

39777  * 

250 

39794 

39811 

39829 

39846 

39863 

39881 

39898 

39916 

39933 

39960 

251 

39967 

39985 

40002 

40019 

40037 

40054 

40071 

40088 

40106 

40123 

252 

40140 

40157 

40176 

40192 

40209 

40226 

40243 

40261 

40278 

40295 

253 

40312 

40329 

40346 

40364 

40381 

40398 

40415 

40432 

40449 

40466 

254 

40483 

40600 

40518 

40635 

40562 

40569 

40586 

40603 

40620 

40637 

255 

40654 

40671 

40688 

40705 

40722 

40739 

40766 

40773 

40790 

40807 

256 

40824 

40841 

40858 

40875 

40892 

40909 

40926 

40943 

40960 

40976 

257 

40993 

41010 

41027 

41044 

41061 

41078 

41095 

41111 

41128 

41145 

258 

41162 

41179 

41196 

41212 

41229 

41246 

41263 

41280 

41296 

41313 

259 

4J330 

41347 

41363 

41380 

41397 

41414 

41430 

41447 

41464 

41481 

260 

41497 

41614 

41531 

41547 

41564 

41581 

41597 

41614 

41631 

41647 

261 

41664 

41681 

41697 
41863 

41714 

41731 

41747 

41764 

41780 

41797 

41814 

262 

41830 

41847 

41880 

41896 

41913 

41929 

41946 

41963 

41979 

263 

41996 

42012 

42029 

42046 

42062 

42078 

42095 

42111 

42127 

42144 

264 

42160 

42177 

42193 

42210 

42226 

42243 

42259 

42275 

,  42292 

42308 

265 

42325 

42341 

42357 

42374 

42390 

42406 

42423 

42439 

42455 

42472 

266 

42488 

42504 

42521 

42537 

42553 

42570 

42586 

42602 

42619 

42635 

267 

42651 

42667 

42684 

42700 

42716 

42732 

42749 

42765 

42781 

42797 

268 

42813 

42830 

42846 

42862 

42878 

42894 

42911 

42927 

42943 

42959 

269 

42975 

42991 

43008 

43024 

43040 

43056 

43072 

43088 

43104 

43120 

270 

43136 

43162 

43169 

43185 

43201 

43217 

43233 

48249 

43265 

43281 

271 

43297 

43313 

43329 

43345 

43361 

43377 

43393 

43409 

43426 

43441 

272 

48457 

43473 

43489 

43506 

43521 

43537 

43563 

43569 

43584 

43600 

273 

43616 

43632 

43648 

43664 

43680 

43696 

43712 

43727 

43743 

43759 

274 

43776 

43791 

43807 

43823 

43838 

43854 

43870 

43886 

43902 

43917 

275 

43933 

43949 

43965 

43981 

43996 

44012 

44028 

44044 

44059 

44075 

276 

44091 

44107 

44122 

44138 

44154 

44170 

44185 

44201 

44217 

44232 

277 

44248 

44264 

44279 

44295 

44311 

44326 

44342 

44368 

44373 

44389 

278 

44404 

44420 

44436 

44451 

44467 

444S3 

44498 

446H 

44529 

44545 

279 

44560 

44576 

44592 

44607 

44623 

44638 

44654 

44669 

44685 

44700 

No. 

0 

1 

2 

3 

4  •   5  i   6 

7     8 

9 

172 

TABLE  XXVt, 

LOOARITHMS  OF  NUBIBERS. 

No.  2 

800 -3409.                       Log.  4471 

No. 

0 

1 

2 

8     4 

6 

6 

7 

8 

9 

280 

44716 

44731 

44747 

44762  44778 

44793 

44809 

44824 

44840 

44865 

281 

44871 

44886 

44902 

449f!7i  4^1932 

44948 

44968 

44979 

44994 

45010 

232 

45026 

45040 

45056 

450711  45086 

45102 

46117 

45183 

46148 

45168 

283 

45179 

45194 

46209 

46225!  45240 

45266 

45271 

46286 

46801 

45317 

284 

45332 

45347 

45362 

45378 

45393 

45408 

45428 

45489 

46454 

45469 

285 

454«4 

45500 

45515 

45530 

45545 

45561 

45576 

45591 

45606 

45621 

286 

45637 

45652 

45667 

.  45682 

45697 

46712 

45728 

46743 

46758 

45778 

287 

457J^b 

45803 

45818 

45334 

45849 

45864 

45879 

45894 

45909 

46924 

288 

45939 

45954 

45969 

45984 

46000 

460U 

46030 

4604^ 

46060 

46075 

289 

46090 

46105 

46120 

46135 

46150 

46165 

46180 

46196 

46210 

46226 

290 

4iV:i()   46255 

46270 

46285 

46300 

46315 

46330 

46345 

46359 

46374 

291 

46339  46404 

46419 

46434 

46449 

46464 

46479 

46494 

46509 

46623 

292 

46538  4^553 

•16568 

465i;3 

46593 

46613 

46627 

46642 

46667 

46672 

293 

4r,(i87  46702 

4^)716 

46731 

46746 

46761 

46776 

46790 

46805 

468S0 

294 

4C:j35  46H50 

4CS64 
47012 

46879 
47026 

46894 

46909 

46928 

46988 

46958 

46967 

295 

469H2|  46997 

47041 

47056 

47070 

47086 

47100 

47114 

296 

471291  47144 

47159 

47173 

47188 

47202 

47217 

47282 

47246 

47261 

297 

472761  47290 

47305 

47319 

47334 

47349 

47363 

47878 

47892 

47407 

298 

47422'  47436 

47451 

47465 

47480 

47494 

47509 

47624 

47638 

47663 

299 

47567;  475J2 

4759G 

47611 

47625 

47640 

47654 

47669 

47688 

47698 

300 

477121  47727 

47U1 

47751; 

47770 

47784 

47799 

47818 

47828 

47842 

301 

47857  47  ni 

478  oo 

47900 

47914 

47929 

47943 

47958 

47972 

47986 

302 

4o0<n  4:i015 

48029 

48044 

48068 

48073 

48087 

48101 

48116 

48180 

303 

4ni44!  48159 

48173 

48187 

48S02 

48216 

48280 

48244 

48259 

48278 

304 

48287!  43302 

48316 

48330 

48344 

48369 

48373 

48887 

48401 

48416 

30o 

484li0j  4^1444 

4B458 

48473 

484B7 

48501 

48516 

48530 

48544 

48568 

306 

4a.>72  48586 

48601 

48615 

48629 

48643 

48667 

48671 

48686 

48700 

307 

487141  48728 

48742 

48756 

48770 

48785 

48799 

48818 

48827 

48841 

;\J8 

48855.  48869 

48883 

48897 

48911 

48926 

48940 

48954 

48968 

48982 

;v><« 

48996^  49010 

49024 

490^8 

49052 

49066 

49080 

49094 

49108 

49122 

.iiO 

49136  49J50 

49164 

49178 

49192 

49206 

49220 

49284 

49248 

49262 

311 

49276,  49290 

49304 

49318 

49332 

49346 

49860 

49374 

49888 

49402 

312 

494151  49429 

49443 

49457 

49471 

49'UJ5 

49499 

49613 

49527 

49641 

313 

49r».54i  45).^>68 

49582 

49596 

49610 

49624 

49688 

49661 

49666 

49679 

314 

4fi693!  49707 

49721 

49734 

49748 

49762 

49776 

49790 

49803 

49817 

315 

4jrji|  mni 

49859 

49872 

49886 

49900 

49914 

49927 

49941 

49966 

316 

49969  49982 

49996 

50010 

50024 

60087 

60051 

50065 

60079 

60092 

317 

601061  50120 

50133 

60147 

60161 

60174 

50188 

60202 

60216 

5Q229 

318 

50243  50256 

60270 

50284 

60297 

50311 

50826 

60838 

50862 

60366 

319 

50379;  50393 

50406 

50420 

60438 

50447 

60461 

60474 

60488 

60601 

320 

50515;  50.\29 

50042 

50556 

60569 

60583 

60596 

50010 

60623 

60687 

321 

506511  50(i64 

5067J{ 

60691 

60705 

60718 

60732 

60746 

60769 

50772 

822 

60786 

50799 

50813 

50826 

50840 

50853 

30866 

60880 

60898 

60907 

323 

50920 

50934 

50947 

50961 

60974 

50987 

61001 

61014 

610S8 

61041 

' 

324 

51055 

5  J  068 

51081 

61095 

51108 

5112] 

61135 

61148 

61162 

51175 

32:. 

51188 

51202 

51215 

61228 

61242 

61256 

61268 

51282 

61296 

61308 

326 

51322i  51.i.)5 

51348 

51862 

81875 

61388 

61402 

61416 

^1428 

51441 

327 

51455  51468 

51481 

51496 

61508 

61521 

61634 

61648 

61661 

61574 

32iJ 

61587 

51601 

61614 

61627 

51640 

61654 

51667 

61680 

61693 

61706 

329 

51720 

61733 

61746 

51759 

51772 

61786 

61799 

61812 

61826 

61888 

330 

51:^51 

51865 

61878 

51891 

51904 

51917 

61930 

61948 

61967 

51970 

331 

51983 

61996 

62009 

52022 

62035 

52048 

52061 

62076 

62088 

52101 

832 

52114 

52127 

52140 

52153 

62166 

52179 

62192 

62206 

62218 

62281 

333 

52244 

52£57 

52270 

52284 

52297 

52310 

62328 

62886 

62349 

62362 

334 

52375 

52883 

52401 

52414 

52427 

62440 

52453 

52466 

62479 

62492 

336 

62504 

52517 

52530 

52543 

52556 

625691  6268«l 

62696 

52608 

62621 

336 

52634 

52647 

52660 

62673 

52686 

62699 

62711 

62724 

62737 

62760 

837 

62763 

52776 

52789 

52802 

52815 

52827 

52840 

62863 

62866 

52879 

338 

62892 

62905 

52917 

62930 

62948 

62956 

52969 

62982 

62994 

58007 

339 

63020 

63033 

53046 

53058 

63071 

68084 

63097 

53110 

53122  58185 

No. 

0 

1 

2     8   1 

4  1 

6 

6   17   1 

8  Hrn 

uiyi 

izeu  uy  ^ 

!Tricrv; 

^- 

TABLE  XXVI. 

I^OeAKITHHS  OF  NUMBSB8. 


173 


:So.  3400- 


-4000. 


1 


2 


53186 
53314 
53441 

63567 
63694 


Log.  63148- 


-60206. 


8 


9 


340 
341 
342 
343 
344 


5314;- 

53275 
53403 
53521) 
53656 


53161 
53288 
53415 
53542 
53668 


53173 
53301 
53428 
53555 
536C1 


53199 
53326 
53453 
53580 
53706 


53212 
53339 
53466 
53593 
53719 


53224 
53352 
53479 
53605 
53732 


53237 
53364 
53491 
53618 
53744 


53250 

53377 
53504 
53631 
53757 


53852 
53958 
54083 
54208 
54332 


53263 
53390 
53517 
53643 
53769 


345 
346 
847 
348 
849 


53782 
.^3908 
54033 
54158 
54283 


53794 
53920 
54045 
54170 

54295 


53807 
63933 
54058 
54183 
64307 


53820 
53945 
64070 
54195 
54320 


53846 
53970 
54095 
54220 
54345 


53867 
53983 
54108 
54233 
54357 


53870 
53995 
54120 
54245 
54370 


53882 
54008 
54133 

54258 
54382 


53895 
54020 
54145 
54270 
54394 


350 
851 
352 
363 
354 


54407 
54531 
54654 
54777 
54900 


54419 
54543 
54667 
54790 
54913 


54432 
54555 
54679 
54802 
54926 


54444 
54568 
54691 
54814 
54937 


54456 
54680 
54704 
54827 
64949 


54469 
54593 
54716 
64839 
54962 


64481 
64605 
54728 
64851 
54974 


54494 
64617 
64741 
54864 
649^6 


54506 
54630 
54763 
54876 
64998 


54618 
54642 
64765 
54888 
55011 


355 
356 
857 
858 
859 


55023 
55145 
55267 
55388 
55509 


65036 
55157 
55279 
65400 
55522 


55047 
55169 
55291 
55413 
55534 


55060 
55182 
56308 
55425 
65546 


66072 
55194 
55316 
65437 
55558 


56084 
55206 
55328 
55449 
55670 


55096 
55218 
55340 
65461 

55582 


65108 
65230 
56352 
56473 
55594 


55121 
56242 
56364 
55485 
55606 


55133 
55255 
65376 
55497 
56618 


860 
861 
862 

863 
364 


55630 
55751 
55871 
55991 
56110 


55642 
55763 
55883 
56003 
56122 


55654 
55775 
65895 
56015 
56134 


55666 
65787 
55907 
56027 
56146 


66678 
55799 
55919 
56038 
66158 


55691 
65811 
'55931 
56050 
56170 


66703 
56823 
65943 
56062 
56182 


66715 
65836 
56955 
56074 
66194 


66727 
55847 
56967 
56086 
56206 


56739 
55869 
66979 
56098 
56217 


365 
866 
867 
868 
869 


56229 
56348 
56467 
56585 
66703 


66241 
56360 
56478 
56597 
66714 


56253 
56372 
66490 
66608 
56726 


56265 
56384 
56502 
56620 
56738 


66277 
56396 
665U 
56632 
56750 


56289 
56407 
66526 
56644 
56761 


56301 
56419 
56538 
66666 
56773 


66312 
56431 
56649 
56667 
66786 


66324 
66443 
56661 
56679 
66797 


56336 
56455 
56673 
66691 
56808 


370 
871 
872 
873 
874 

375 
376 
877 
378 
879 


56820 
56937 
67054 
57171 
57287 

57403 
57519 
57634 
57749 
57864 


56865 
66972 
57089 
57206 
57322 

67438 
57553 
57669 
57784 
57898 


56867 
56984 
57101 
57217 
57334 

57449 
57565 
57680 
57795 
57910 


56879 
66996 
67113 
57229 
57345 

57461 
57576 
57692 
57807 
57921 


66891 
67008 
57124 
57241 
57357 

57473 
57588 
67703 
67818 
57933 


56902 
57019 
57136 
67252 
67368 

57484 
57600 
57716 
67830 
57944 


56914 
57031 
57148 
67264 
57380 

57496 
57611 
57726 
57841 
57955 


56926 
57043 
57159 
57276 
57392 

57507 
57623 
57738 
57852 
57967 


880 
881 
882 
883 
384 


885 
886 
887 
888 
889 


890 
891 
891 
898 
894 


57978 
58092 
58206 
68320 
58433 


57990 
58104 
58218 
58331 
58444 


68001 
58115 
58229 
68343 
58456 


58013 
58127 
58240 
58354 
58467 


58024 
58138 
58252 
58365 
68478 


58035 
58149 
58263 
58377 
58490 


58047 
58161 
58274 
68388 
68601 


58068 
68172 
58286 
58399 
68612 


58070 
58184 
58297 
58410 
58524 


58081 
58195 
58309 
58422 
58535 


58546 
58659 
58771 
58883f 
58996 


68557 
58670 
58782 
58894 
59006 


58569 
58681 
58794 
58906 
59017 


58580 
58692 
58805 
58917 
59028 


68591 
58704 
68816 
^928 
69040 


58602 
58715 
58827 
58939 
59061 


68614 
58726 
58838 
68960 
59062 


58625 
58787 
68850 
68961 
59073 


58636 
68749 
68861 
58973 
69084 


68647 
68760 
68872 
58984 
59095 


69106 
59218 
59829 
59489 
59550 


59118 
59S29 
59840 
59450 
59561 


59129 
59240 
59351 
59461 
59672 


69140 
59251 
59362 
59472 
59583 


59151 
59262 
59373 
59483 
69694 


69162 
69273 
59384 
59494 
69605 


59173 
69284 
59395 
69506 
59616 


59184 
69296 
59406 
69517 
59627 


59195 
69306 
69417 
59528 
59638 


69207 
59318 
59428 
59539 
59649 


895 
896 
897 

898 


59660 
59770 
59879 
59988 
60097 


No.  I  0 


59671 
59780 
59890 
59999 
60108 

1 


59682 
59791 
69901 
60010 
60119 


69693 
59802 
59912 
60021 
60130 


59704 
59813 
59923 
60032 
60141 


59715 
59824 
59934 
60043 
60162 


59726 
69836 
59946 
60054 
60163 


69737 
59846 
69966 
60065 
60173 


59748 
69867 
69966 
60076 
60184 
8 


59769 
59868 
59977 
60086 
60195 


I 

TABLE  XXVI. 

LOGAftlTHM 8  OV  NUMBSM. 

. 4000- 

4600. 

Log.  60206 66276.  | 

No. 

0 

1     2 

3 

4 

6 

6 

7 

8     9 

400 

60206 

60217  60228 

60239 

60249 

60260 

60271 

60282 

60293  60504 

401 

60314 

60325 

60336 

60347 

60368 

60369 

60379 

60390 

60401 

60412 

402 

60423 

60433 

60444 

60455 

60466 

60477 

60487 

60498 

60509 

60520 

403 

60531 

60541 

60552 

60563 

60674 

60684 

60695 

60606 

60617 

60627 

404 

60638 

60649 

60660 

60670 

60681 

60692 

60703 

60715 

60724 

60736 

405 

60746 

60756 

60767 

60778 

60788 

60799 

60810 

60821 

60831 

60842 

406 

60853 

60863 

60874 

60886 

60895 

60906 

60917 

60927 

60958 

60949 

407 

60959 

60970 

60981 

60991 

61002 

6101S 

61023 

61034 

61045 

61055 

408 

61066 

61077 

61067 

61098 

61109 

61119 

61130 

61140 

61161 

61162 

409 

61172 

61183 

61194 

61204 

61216 

61226 

61236 

61247 

61257 

61268 

410 

61273 

61289 

61300 

61310 

61321 

61331 

61342 

61352 

613^ 

61374 

411 

61384 

61396 

61405 

61416 

61426 

61437 

61448 

61458 

61469 

61479 

412 

61490 

61500 

61511 

61521 

61532 

61642 

61653 

61565 

61574 

61584 

413 

61595 

61606 

61616 

61627 

61637 

61648 

61668 

61669 

61679 

61690 

411 

61700 

61711 

61721 

61731 

61742 

61762 

61763 

61773 

61784 

61794 

415 

61805 

61815 

61826 

61836 

61847 

61857 

61868 

61878 

61888 

61899 

416 

61909 

61920 

61930 

61941 

61951 

61962 

61972 

61982 

61993 

62005 

417 

62014 

62024 

62034 

62045 

62065 

62066 

62076 

62086 

62097 

62107 

418 

62118 

62128 

62138 

62149 

62159 

62170 

62180 

62190 

62201 

62211 

419 

62221 

62232 

62242 

62252 

62263 

62273 

62284 

62294 

62304 

62515 

420 

62325 

62335 

62346 

62356 

62366 

62377 

62387 

62397 

62408 

62418 

421 

62428 

62439 

62449 

62459 

62-169 

62480 

62490 

62500 

62511 

62521 

i 

422 

62531 

62542 

62552 

62562 

62572 

62583 

62593 

62603 

62613 

62624 

423 

62634 

62644 

62655 

62665 

62675 

62686 

62696 

62706 

62716 

62726 

424 

62737 

62747 

62757 

62767 

62778 

62788 

62798 

62808 

62818 

62829 

425 

62839 

62849 

62859 

62870 

62880 

62890 

62900 

62910 

62921 

62951 

426 

62941 

62951 

62961 

62972 

62982 

62992 

63002 

63012 

63022 

63033 

427 

63043 

63053 

63063 

63073 

6S083 

63094 

63104 

63114 

65124 

65154 

428 

63144 

63155 

63165 

63175 

63185 

63196 

63205 

63216 

63225 

65256 

429 

6324« 
63347 

63256 

63266 

6^276 

63286 

63296 

63506 

63317 

65527 

63357 

4J0 

63357 

63367 

63377 

63387 

63397 

63407 

65417 

6542a 

63458 

431 

63448 

63458 

63468 

63478 

63488 

63498 

63508 

65518 

65528 

65558 

432 

63548 

63658 

63568 

63579 

63589 

63699 

65609 

63619 

63629 

65659 

433 

63649 

63659 

63669 

63679 

63689 

63699 

65709 

63719 

63729 

65739 

I 

434 

63749 

63759 

637G9 

63779 

63789 

63799 

63809 

65819 

63829 

63859 

I 

435 

63849 

63859 

63«G9 

63879 

63889 

63899 

63909 

63919 

63929 

65939 

1 

436 

63949 

63959 

639C9 

63979 

63988 

63998 

64008 

64018 

64028 

64038 

1 

437 

64048 

64058 

64068 

64078 

64088 

64098 

64108 

64118 

64128 

64137 

1 

438 

64147 

64157 

64167 

64177 

64187 

64197 

64207 

64217 

64227 

64237 

j 

439 

64246 

64266 

64266 

64276 

64286 

64296 

64306 

64316 

64526 

64539 

440 

64345 

64355 

64365 

64375 

64385 

64396 

64404 

64414 

64424 

64434 

441 

64444 

64464 

64464 

64473 

64483 

64493 

64603 

64513 

64525 

64632 

U2 

64542 

64552 

64562 

64572 

64582 

64591 

64601 

64611 

64621 

64651 

443 

64640 

64650 

64660 

64670 

64680 

64689 

64699 

64709 

64719 

64729 

4U 

64738 

64748 

64758 

64768 

64777 

64787 

64797 

64807 

64816 

64826 

4t5 

64836 

64846 

64856 

64866 

64875 

64886 

64895 

64904 

64914 

64924 

446 

64933 

64945 

64953 

64963 

64972 

64982 

64992 

65002 

66011 

660S1 

447 

65031 

65040 

65050 

65060 

66070 

66079 

66089 

66099 

65108 

65118 

4^*8 

65128 

65137 

65147 

65167 

65167 

66176 

65186 

66196 

65205 

65215 

449 

65225 

65234 

65244 

66264 

65263 

65473 

66285 

65292 

65302 

65512 

460 

65321 

65331 

65341 

66360 

66360 

65369 

65579 

65389 

65396 

66408 

451 

65418 

65427 

65437 

65447 

65456 

65466 

65476 

65485 

65496 

65504 

452 

65514 

65523 

65653 

66545 

66652 

66662 

66671 

65681 

65591 

65600 

4bS 

65610 

65619 

65629 

66639 

65648 

66668 

66667 

66677 

65686 

65696 

454 

65706 

65715 

65725 

66734 

65744 

66765 

65765 

65772 

66782 

65792 

455" 

65801 

65811 

66820 

65830 

66839 

66849 

66868 

65868 

65877 

65887 

456 

65896 

65906 

66916 

66926 

6*i9S5 

66944 

66954 

65963 

66973 

65982 

457 

65992 

66001 

66011 

66020 

660;>v- 

«:039 

66049 

66068 

66068 

660T7 

458 

66087 

66096 

66106 

66115 

66K'4 

66U«J  66145 

6615^ 

66162 

66172 

469 

66181 

66191 

66200 

66210 

66219 

66229  662S8 

66247 

66257 

66266 

No. 

0 

1 

2  1   3 

4 

6     6  •   7 

8 

9   1 

~ 

^^ 

TABLE  XXVI.               1 

LOOABITHMS  OF  NUMBERS. 

No.  4 

cnA       kaat 

. 

Log.  66276 71600. 

No. 

0 

1   1   2 

3 

4 

5 

6 

7 

8 

9 

460 

66276 

66£85!  66295 

66304 

66314 

66323 

66332 

66342 

66351 

66361 

461 

66370 

66380 

66389 

66398 

66408 

<J6417 

66427 

66436 

66445 

f>6455 

, 

462 

66464 

66474 

66483 

66492 

66502 

66511 

66521 

66.530 

.66539 

66549 

463 

66558 

66567 

66577 

66586 

66596 

66605 

66614 

66624 

66633 

66642 

464 

66652 

666^1 

66671 

66680 

66689 

66699 

66708 

66717 

66727 

66736 

465 

66745 

66755 

66764 

66773 

66783 

66792 

66801 

66811 

668i0 

66829 

466 

66839 

66848 

66857 

66867 

66876 

66885 

66894 

66904 

66913 

66922 

467 

66932 

66941 

66950 

66960 

66969 

66978 

66987 

66997 

67006 

67015 

468 

67025 

67034 

67043 

67052 

67062 

67071 

67080 

67089 

67099 

67108 

469 

67117 

67127 

^136 

67145 

67154 

67164 

67173 

67182 

67191 

67201 

470 

67210 

67219 

67228 

67237 

67247 

67256 

'67265 

67274 

67284 

67293 

471 

67302 

67311 

67321 

67338 

67339 

67348 

67357 

67367 

67376 

67385 

471 

67394 

67403 

67413 

67422 

67431 

67440 

67449 

67459 

67468 

67477 

475 

67486 

67495 

67504 

67^14 

67523 

67532 

67541 

67550 

67560 

67569 

474 

67578 

67687 

67596 

67605 

67614 

67624 

67633 

67642 

67651 

67660 

476 

67669 

67679 

67688 

67697 

67706 

67715 

67724 

67733 

677421  67752 

476 

67761 

67770 

67779 

67788 

67797 

67806 

67815 

67825 

67834 

67843 

477 

67852 

67861 

67870 

67879 

67888 

67897 

67906 

67916 

67925 

07934 

.  478 

67943 

67952 

^961 

67970 

67979 

67988 

67997 

68006 

68015 

68024 

479 

68034 

68043 

68061 

68070 

68079 

68088 

68097 

68106 

68115 

480 

68124 

68133 

68142 

68151 

68160 

68169 

68178 

68187 

68196 

€8205 

481 

68215 

68224 

68233 

68242 

68251 

68260 

68269 

68278 

68287 

68296 

48« 

68305 

68314 

68323 

68332 

68341 

68350 

68369 

68368 

68377 

68386 

483 

68395 

68404 

68413 

68422 

68431 

68440 

68449 

68468 

68467 

68476 

484 

68485 

68494 

68502 

68511 

68520 

68529 

68638 

68547 

68556 

68565 

485 

68574 

68583 

68592 

68601 

68610 

68619 

68628 

68637 

68646 

686.55 

486 

68664 

68673 

68681 

68690 

68699 

68708 

68717 

68726 

68735 

6874* 

487 

68753 

68762 

68771 

68780 

68789 

68797 

68806 

68815 

68824 

68833 

488 

68842 

6885r  68860 

68869 

68878 

68886 

68895 

68904 

68913 

68922 

489 

68931 

68940 

68949 

68958 

68966 

68975 

68984 

68993 

69002 

69011 

490 

69020 

69028 

69037 

69046 

69055 

69064 

69073 

69082 

69090 

69099 

491 

69108 

69117 

69126 

69135 

69144 

69152 

69161 

69170 

69179 

69188 

492 

69197 

69205 

69214 

69223 

69232 

69241 

69249 

69258 

69267 

69276 

493 

69285 

69294 

69302 

69311 

69320 

69329 

69338 

69346 

69365 

69364 

494 

69373 

69381 

69390 

69399 

69408 

69417 

69425 

69434 

69443 

69452 

495 

69461 

69469 

69478 

69487 

69496 

69504 

69513 

69522 

69531'  69539 

496 

69548 

69557 

69666 

69574 

69583 

69592 

69601 

69609 

69618 

69627 

497 

69636 

69644 

69653 

69662 

69671 

69679 

69688 

69697 

69705 

69714 

498 

69723 

69732 

69740 

69749 

69758 

69767 

69775 

69784 

69793 

69801 

499 

69810 

69819 

69827 

69836 

69845 

69854 

69862 

69871 

69880 

693C8 

600 

69897 

69906 

69914 

69923 

69932 

69940 

69949 

69958 

69966 

69975 

501 

69984 

69992 

70001 

70010 

70018 

70027 

70036 

70044 

70053 

70062 

602 

70070 

70079 

70088 

70096 

70105 

70114 

70122 

70131 

70140 

70143 

603 

70157 

70165 

70174 

70183 

70191 

70200 

70209 

70217 

70226 

70234 

504 

70243 

70252 

70260 

70269 

70278 

70286 

70295 

70303 

70312 

70321 

505 

7032^ 

70338 

70346 

70355 

70364 

70372 

70381 

70389 

70393 

70406 

506 

70415 

70424 

70432 

70441 

70449 

70458 

70467 

70475 

70484 

70492 

607 

70601 

70509 

70618 

70526 

70536 

70544 

70552 

70561 

70569 

70578 

508 

70586 

70696 

70603 

70612 

70621 

70629 

70638 

70646 

70655 

70663 

509 

70672 

70680 

70689 

70697 

70706 

70714 

70723 

70731 

70740 

70749 

510 

70757 

70766 

70774 

70783 

70791 

70800 

70803 

70817 

70825 

lODM 

511 

70842 

70851 

70859 

70868 

70876 

70885 

70893 

70902 

70910  70919 

612 

70927 

70935 

70944 

70952 

70961 

70969 

70978 

70986 

7099.5  71^)03 

513 

71012 

71020 

71029 

71037 

71046 

71054 

710fi3 

71071 

71079  710JJ8 

614 

71096 

71105 

71113 

71122 

71130 

71139 

71 117 

71156 

71164  71172 

515 

71181 

71189 

71198 

71206 

71214 

71223 

71231 

71240  712  W  712.17 

516 

71265 

71273 

71282 

71290 

71299 

71307 

71316 

713241  71332  71:Ul 

fil7  1 
fil8  ! 

71349 

71357 

71366 

71374 

71383 

71391 

71399 

71408  71416:  71125 

71433 

71441 

*  71450 

71468 

71466 

71475 

71483 

71492  715001  71508 

• 

519  ' 

71517 

71525 

71533 

71542 

71560 

71559 

71567!  71575|  71584(  71;>92 

No.  i 

0 

1 

2 

3   1   4   i 

5 

6   !   7   1   8   1 

9 

lyiuzed  by  Google" 
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TABLE  XXVL 

LOOABITHM S  OF  NUMBBK8. 

iNo.  6200 6800 

Log.  71600 ^76343. 

No. 

0 

1 

2 

3 

4 

5 

« 

7     8 

9 

520 

71600 

716091  71617 

71626 

71634 

716421  71650 

716ift9  71667 

71675 

621 

71684 

71692 

71700 

71709 

71717 

71726 

71734 

71742|  71760 

71759 

622 

71767 

71776 

71784 

71792 

71800 

71809 

71817 

71825 

71834 

71842 

623 

71860 

71868 

71867 

71875 

71883 

71893 

71900 

71908 

71917 

71925 

624 

71933 

71941 

71950 

71968 

71966 

71975 

71983 

71991 

719991  72008 

625 

72016 

72024 

72032 

72041 

72049 

72067 

72066 

72074 

72082  72090 

626 

72099 

72107 

72115 

72123 

72132 

72140 

72148 

72166 

72166  72173 

627 

72181 

72189 

72198 

72206 

72214 

72222 

72230 

72239 

72247  72255 

628 

72263 

72272 

72280 

72288 

72296 

72304 

72313 

72321 

72329  72337 

629 

72846 

72364 

72362 

72370 

72378 

72387 

72396 

72408 

72411  72419 

630 

72428 

72436 

72444 

72452 

72460 

72469 

72477 

72485 

72493  72501 

631 

72509 

72618 

72626 

72634 

72642 

72550 

72658 

72567 

72575  72585 

632 

72591 

72699 

72607 

72616 

72624 

72632 

72640*  72648 

72656  72665 

633 

72673 

72681 

72689 

72697 

72705 

72713 

72722 

72730 

72738  72746 

634 

72754 

72762 

72770 

72779 

72787 

72795 

72803  72811 

72819  72827 

535 

72835 

72843 

72862 

72860 

72868 

72876 

72884 

72892 

72900  72908 

536 

72916 

72925 

72933 

72941 

72949 

72957 

72966 

72973 

72981  72989 

537 

72997 

73006 

73014 

73022 

73030 

73038 

73046 

73064 

73062  73070 

538 

73078 

73086 

73094 

73102 

73111 

73119 

73127 

73136 

73143  73151 

639 

73169 

73167 

73175 

73183 

73191 

73199 

732*^ 

73215 

73223 

73281 

540 

73239 

73247 

73256 

73263 

73272 

73280 

73288 

73296 

73304 

73312 

541 

733201 

73328 

73336 

73344 

73362 

73360 

733681 

73376 

73384 

73392 

642 

73400 

73408 

73416 

73424 

73432 

7tH40 

73448 

73466 

73464  73472 

543 

73480 

73488 

73496 

73504 

73612 

73620 

73528 

73536 

73644  73562 

544 

73660 

73663 

73576 

73584 

73592 

73600 

73608 

73616 

73624.  73632 

545 

73640 

73648 

73666 

73664 

73672 

73679 

73687 

73695 

73703 

73711 

646 

73719 

73727 

73735 

73743 

73761 

73769 

75767 

73776 

73783 

73791 

547 

73799 

73807 

73815 

73823 

73830 

73838 

73846 

73854 

73862 

73870 

648 

73878 

73»86 

73894 

73902 

73910 

73918 

73926 

73933 

73941 

73949- 

649 

73957 

73966 

73973 

73981 

73989 

73997 

74005 

74013 

74020 

74028 

650 

74036 

74044 

74062 

74060 

74068 

74076 

74084 

74092 

74099 

74107 

661 

74116 

74123 

74131 

74139 

74147 

74i55 

74162 

74170 

74178 

74186 

562 

74194 

74202 

74210 

74218 

74226 

74233 

74241 

74249 

74257 

74265 

563 

74273 

74280 

74288 

74296 

74304 

74312 

74320 

74327 

74336 

74343 

564 

74351 

74359 

74367 

74374 

74382 

74390 

74398 

74406 

74414J 

74421 
74500 

656 

74429 

74437 

744^15 

7-4463 

744G1 

7.1^168 

74476 

74484 

74492 

666 

74507 

74515 

74623 

74631 

74639 

74547 

74554 

74562 

74570 

74578 

557 

74586 

74693 

74601 

74609 

74617 

74624 

74632 

74640 

74648 

74656 

558 

74663 

74671 

74679 

74687 

74696 

74702 

74710 

74718 

74726 

74738 

559 

74741 

74749 

74767 

74764 

74772 

74780 

74788 

74J796 

74803 

74811 

560 

74819 

74827 

74834 

74842 

74860 

74868 

748651 

74873 

74831 

74889 

561 

74896 

74904 

74912 

74920 

74927 

74936 

74943 

74950 

74958 

74966 

562 

74974 

74981 

74989 

74997 

75005 

75012 

76020 

75028 

75036 

75048 

563 

75051 

75059 

75066 

76074 

76082 

75089 

76097 

75106 

76113 

75120 

1 

564 

75128 

75136 

7614.5 
76220 

76161 

75159 

76166 

761741 

75182 

75189 

75197 

1 

665 

75205 

76213 

76228 

75236 

76243 

75251 

75259 

76266 

75274 

666 

75282 

75289 

76297 

75305 

76312 

76320 

76328 

76335 

76348 

76351 

1 

667 

76358 

76366 

75374 

75381 

75389 

75397 

76404 

76412 

75420 

76427 

1 

566 

75435 

76442 

76450 

76458 

76466 

76473 

75481 

75488 

75496 

75504 

1 

569 

75511 

75619 

75526 

75634 

76642 

76549 

76667 

75565 

75572 

75580 

670 

75587 

76695 

76603 

76610 

75618 

76626 

75633 

75641 

76648 

75666 

571 

75664 

75671 

76679 

75686 

76694 

76702 

76709 

75717 

75724 

75732 

672 

75740 

75747 

75766 

76762 

75770 

76778 

76786 

75793 

75800 

75808 

573 

76816 

75823 

75831 

75838 

75846 

75853 

75861 

75868 

75876 

75884 

574 

76891 

76899 

76906 

76914 

76921 

76929 

76937 

76944 

75952 

75959 

676 

76967 

75974 

75982 

76989 

75997 

76005 

76012 

76020 

76027 

76035 

676 

76042 

76050 

76067 

76065 

76072 

76080 

76087 

76096 

76103 

76110 

577 

76118 

76125 

76133 

76140 

76148 

76166 

76163 

76170 

76178 

74>185 

678 

76I9S 

76200 

76208 

76215 

76223 

76230 

76238 

76245 

76253 

76260 

579 

76268 

76275 

76283 

76290 

76298 

76U06 

76313 

76320 

7682a 

76S85  , 

JNo. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9   1 

p^. 

joogle 
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TABLE  XXVI. 

177 

...   1)0619. 

■  No. 

0 

1   ,  2 

3 

4 

6 

6 

7  1 

8 

9 

680 
681 
581. 
683 
684 
686 
686 
687 
688 
689 

76343 
76418 
76492 
76667 
76641 

76360 
76426 
76600 
76574 
76649 

763ft8 
76433 
76607 
76582 
76666 

76366 
76440 
76616 
76689 
76664 

76373 
76448 
76522 
76697 
76671 

76380 
76455 
76530 
76604 
76678 

76338 
76462 
76637 
76612 
766H6 

76395 
76470 
76645 
76619 
76693 

76403 
76477 
76662 
76626 
76701 

76410 
76436 
76559 
76634 
76708 

76716 
76790 
76864 
7693S 
77012 

76723 
76797 
76871 
76945 
77019 

76730 
76805 
76879 
76953 

77026 

76738 
76812 
76886 
76960 
77034 

76745 
76819 
76893 
76967 
77041 

76753 
76827 
76901 
76975 
77048 

76760 
76334 
76908 
76982 
77056 

76768 
76842 
76916 
76989 
77063 

76776 
76849 
76923 
7C997 
77070 

76782 
76856 
76930 
77004 
77078 

690 
691 
69i 
693 
694 

77086 
77159 
77232 
77305 
77379 

77093 
77166 
77240 
77313 
77386 

77100 
77173 
77247 
77320 
77393 

77107 
77181 
77264 
77327 
77401 

77115 
77188 
77262 
77335 
77408 

77122 
77195 
77269 
77342 
77415 

77129 
77203 
77276 
77349 
77422 

77137 
77210 
77283 
77357 
77430 

77144 
77217 
77291 
77364 
77437 

77151 
77225 
77298 
77371 
77444 

695 
696 
697 
698 
699 

77462 
77520 
77597 
77670 
77743 

77459 
77532 
77606 
77677 
77750 

77466 
77639 
77612 
77686 
77767 

77474 
77546 
77619 
77692 
77764 

77481 
77654 
77627 
77699 
77772 

77488 
77661 
77634 
77706 
77779 

77495 
77668 
77641 
77714 
77786 

77503 
77676 
77648 
77721 
77793 

77610 
77683 
77656 
77728 
77801 

77617 
77690 
77663 
77736 
17808 

600 
601 
60S 
603 
604 

77815 

nsm 

77960 
78032 
78104 

77822 
77895 
77967 
78039 
'78111 

77830 
77902 
77974 
78046 
78118 

77837 
77909 
77981 
78053 
78125 

77844 
77916 
77988 
78061 
78132 

77861 
77924 
77996 
78068 
78140 

77869 
77931 
78003 
78076 
78147 

77866 
77938 
78010 
78082 
78164 

77873 
77946 
78017 
78089 
78161 

77880 
77952 
78026 
78097 
78168 

606 
606 
607 
608 
609 

78176 
78247 
78319 
78390 
78462 

78183 
78254 
78326 
78398 
78469 

78190 
78262 
78333 
78405 
78476 

78197 
78269 
78340 
78412 
78483 

78204 
78276 
78347 
t8419 
78490 

78211 
78283 
78366, 
78426 
78497 

78219 
78290 
78362 
78433 
78604 

78226 
78297 
78369 
78440 
78612 

78233 
78306 
78376 
78447 
78619 

78240 
78312 
78383 
78466 
78626 

610 
611 
612 
613 
614 

78533 
78604 
78B75 
78746 
78817 

78640 
78611 
78682 
78763 
78824 

78647 
78618 
78689 
78760 
78831 

78664 
78626 
78696 
78767 
78838 

78661 
78633 
78704 
78774 
78846 

78569 
78640 
78711 
78781 
78862 

78676 
78647 
78718 
78789 
78869 

78683 
78664 
78726 
78796 
78866 

78690 
78661 
78732 
78803 
78873 

786^ 
78668 
78739 
78810 
78880 

i 

616 
616 
617 
618 
619 

7886a 
78968 
79029 
79099 
79169 

78895 
78965 
79036 
79106 
79176 

78902 
78972 
79043 
79113 
79183 

78909 
78979 
79060 
79120 
79190 

78916 
78986 
79067 
79127 
79197 

78923 
78993 
79064 
79134 
79204 

78930 
79000 
79071 
79141 
79211 

78937 
79007 
79078 
79148 
79218 

78944 
79014 
79086 
79166 

79226 

78961 
79021 
79092 
79162 
79232 

620 
621 
622 
623 
624 

79239 
79309 
79379 
79449 
79618 

79246 
79316 
79886 
79466 
79626 

79253 
79323 
79393 
79463 
79632 

79260 
79330 
79400 
79470 
79639 

79267 
79337 
79407 
79477 
79646 

79274 
79344 
79414 
79484 
79663 

79281 
79361 
79421 
79491 
79660 

79288 
79368 
79428 
79498 
79667 

79296 
79366 
79436 
79606 
79674 

79302 
79372 
79442 
79611 
79681 

626 

626 
627 
628 
629 

79688 
79667 
79727 
79796 
79866 

79696 
79664 
79734 
79803 
79872 

79602 
79671 
79741 
79810 
79879 

79609 
79678 
79748 
79817 
79886 

79616 
79686 
79764 
79824 
79893 

79623 
79692 
79761 
79831 
79900 

79630 
79699 
79768 
79837 
79906 

79637 
79706 
79776 
79844 
79913 

79644 
79713 
79782 
79861 
79920 

79660 

79720. 

79789 

79868 

79927 

630 
631 
632 
633 
634 

79934 
80003 
80072 
80140 
80209 

79941 
80010 
80079 
80147 
80216 

79948 
80017 
80086 
80164 
80223 

19965 
80024 
80092 
80161 
80229 

79962 
80030 
80099 
80168 
80236 

79969 
80037 
80106 
80176 
80243 

79976 
80044 
80113 
80182 
80260 

79982 
80061 
80120 
80188 
80267 

79989 
80068 
80127 
80196 
80264 

79996 
80066 
80134 
80202 
80271 

636 
636 
637 
638 
639 

80277 
80346 
80414 

80284 
80363 
80421 
80489 
80667 

80291 
80369 
8042Q 
80496 
80664 

80298 
8036^ 

80E602 
80670 

80306 
80373 
80441 
80609 
80677 

80312 
80380 
80448 
80616 
80684 

80318 
80387 
80466 
80623 
80691 

80326 
80393 
80462 
80630 
80698 

80332 
80400 
80468 
80636 

80604 

80339 
80407 
80476 
80643 
80611 

No. 

0 

1 

2 

3  1  4 

5 

6 

7 

8 

9 
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TABLE  XXVI. 

I 

LOGARITHMS  OF  NUMBERS.* 

No.  6400 7000. 

Lofr  80618 

84510. 

No. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

640 

80618 

80625 

80632 

80638 

80645 

80652 

db669 

80666 

80672 

80679 

641 

80686 

80693 

80699 

80706 

80715 

80720 

80726 

80733 

80740 

80747 

642 

807^ 

80760 

80767 

80774 

80781 

30787 

80794 

80801 

80808 

80814 

643 

80821 

80828 

80835 

80841 

80848 

80865 

80862 

80868 

80876 

8088S 

644 

80889 

80896 

80902 

80909 

80916 

80922 

80929 

80936 

80943 

80949 

645 

80966 

80963 

.80969 

80976 

80983 

80990 

80996 

81003 

81010 

81017 

646 

81023 

81030 

81037 

81045 

81060 

81067 

81064 

81070 

81077 

81084 

647 

81090 

81097 

81104 

81111 

81117 

81124 

81131 

81137 

81144 

81161 

648 

81168 

81164 

81171 

81178 

81184 

81191 

81198 

81304 

81211 

81218 

649 

81224 

81231 

81238 

81245 

81261 

81258 

81266 

81271 

81278 

81286 

6dO 

81291 

81298 

81305 

81311 

81318 

81325 

81331 

81338 

81346 

8136L 

661 

81358 

81365 

81371 

81378 

81385 

81391 

81398 

81405 

81411 

81418 

662 

81425 

81431 

81438 

81445 

81451 

81458 

81465 

81471 

81478 

81485 

653 

81491 

81498 

81505 

81511 

81518 

81625 

81531 

81538 

81644 

81651 

654 

81558 

81564 

81571 

81578 

81584 

81691 

81598 

81604 

81611 

81617 

665 

81624 

81631 

81637 

81644 

81651 

81657 

81664 

81671 

81677 

81684 

656 

81690 

81697 

81704 

81710 

81717 

81723 

81730 

81737 

81743 

81750 

667 

81757 

81763 

81770 

81776 

81783 

81790 

81796 

81803 

81809 

81816 

668 

81823 

81829 

81836 

81842 

81849 

81856 

81862 

81869 

81876 

81882 

659 

81889 

81896 

81902 

81908 

81915 

81921 

81928 

81935 

81941 

81948 

660 

81954 

81961 

81968 

31974 

81981 

81987 

81994 

82000 

82007 

82014 

66  i 

82020 

82027 

82033 

82040 

82046 

82063 

82060 

82066 

82073 

82079 

662 

82086 

82092 

82099 

82106 

82112 

82119 

82125 

82132 

82138 

82145 

663 

82151 

82158 

82164 

82171 

82178 

82184 

82191 

82197 

82204 

82210 

664 

82217 

82223 

82230 

82236 

82243 

82249 

82256 

82263 

82269 

82276 

666 

82282 

82289 

82295 

82302 

82308 

82315 

82321 

82328 

82334 

82341 

666 

82347 

82354 

82360 

82367 

82373 

82380 

82387 

82393 

82400 

82406 

667 

82413 

82419 

82426 

82432 

82439 

82446 

82452 

82458 

82465 

82471 

668 

82478 

82484 

82491 

82497 

82504 

82510 

82517 

82525 

82530 

82636 

669 

82543 

82649 

82556 

82562 

82569 

83375 

82582 

82588 

82595 

82601 

670 

82607 

82614 

82G20 

J)2G27 

82633 

82640 

82646 

82663 

82659 

82666 

I 

671 

82672 

82679 

82686 

826D2 

82698 

82705 

82711 

82718 

82724 

82730 

672 

82737 

82743 

82750 

82756 

C2763 

82769 

82776 

82782 

8^789 

82795 

673 

82802 

82808 

82814 

82821 

82827 

82334 

82840 

82847 

82853 

82860 

674 

82866 

82872 

82879 

82886 

82892 

82898 

82905 

82911 

82918 

82924 

675 

82930 

82937 

82943 

82950 

82956 

82963 

82969 

82975 

82982 

82988 

676 

82995 

83001 

83008 

83014 

83020 

83027 

83033 

83040 

83046 

83052 

677 

83059 

8^065 

83072 

83078 

83085 

83091 

83097 

83104 

83110 

83117 

678 

83123 

83129 

83136 

83142 

83149 

83155 

83161 

83168 

83174 

83181 

679 

83187 

83193 

83200 

83206 

83213 

83219 

83225 

83232 

83238 

83245 

680 

83251 

83257 

83264 

83270 

83276 

83283 

83289 

83296 

83302 

83308 

681 

83315 

83321 

83327 

83334 

83340 

83347 

83353 

83359 

83366 

83372 

682 

83378 

83385 

83391 

83398 

83404 

83410 

83417 

83423 

83429 

83436 

683 

83442 

83448 

83455 

83461 

83467 

83474 

83480 

83487 

83493 

83499 

634 

83506 

83512 

83518 

83625 

83531 

83637 

83544 

83650 

83556 

83563 

685 

83569 

83575 

83582 

83588 

83594 

83601 

83607 

83613 

83620 

83626 

686 

83632 

83639 

83645 

83651 

83668 

83664 

83670 

83677 

83683 

83689 

687 

83696 

83702 

83708 

83716 

83721 

83727 

83734 

83740 

83746 

83753 

688 

83759 

83765 

83771 

83778 

83784 

83790 

83797 

83803 

83809 

83816 

J 

689 

838!;2 

83828 

83835 

83841 

83847 

83853 

83860 

83866 

83872 

83879 

690 

83885 

83891 

83897 

83904 

83910 

8^16 

83923 

83929 

83935 

83942 

691 

83948 

83954 

83960 

83967 

83973 

83979 

83986 

83992 

83998 

84004 

692 

84011 

84017 

84023 

84029 

84036 

84042 

84048 

84056 

84061 

84067 

693 

84073 

84080 

84086 

84092 

84098 

84105 

84111 

84117 

84123 

84)30 

694 

84136 

84142 

84148 

84156 

84161 

84167 

84173 

84180 

84186 

84192 

695 

84198 

84205 

84211 

84217 

84223 

84230 

84236 

84242 

84248 

84255 

696 

81261 

84267 

84273 

84280 

84286 

84292 

84298 

84306 

-84311 

84317 

697 

84323 

84330 

84336 

84342 

84348 

84364 

84361 

84367 

84373 

84379 

( 

OSH   j 

84386 

84392 

84398 

84404 

84410 

84417 

84423 

84429 

844^ 

1 

o»y  j 

84448 

84454  84460 

84466 

84473  84479 

844861 

84491 

84497 

84504 

1 

No.  1 

0 

1     8 

3 

4     5 

6 

7 

8 

9 

1 

/ 


.^.v 


TABLE  XXVI. 

X 
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LOGARITHMS  OF  NUMBERS. 

No.  7000 7600. 

1     _  ., 

Log.  84610 

--88081. 

No. 
700 

0 

1 

2 

3  1 

4 

6 

6 

7 

8 

9 

84610 

84616 

84322 

845:581 

84536 

84641 

84547 

84563 

8-1559 

84666 

701 

84572 

84678 

84584 

84590 

84597 

84603 

84609 

84615 

84621 

84628 

702 

84634 

84640 

84646 

84652 

34658 

84665 

84671 

84677 

84683 

84689 

703 

84696 

84702 

84708 

84714 

84720 

84726 

84733 

84739 

84745 

84761 

704 

84767 

84763 

84770 

84776 

84782 

84788 

84794 

G4800 

84807 

84813 

706 

84819 

84826 

84831 

84837 

84844 

84860 

84856 

84862 

84868 

84874 

706 

84880 

84887 

84898 

84899 

84905 

84911 

84917 

84924 

84930 

84936 

707 

84942 

84948 

84954 

84960 

84967 

84973 

84979 

84985 

84991 

84997 

708 

86003 

86009 

85016 

85022 

86028 

85034 

86040 

85046 

85052 

85058 

709 

86066 

86071 

86077 

85083 

85089 

85096 

85101 

85107 

85114 

85120 

710 

86126 

86132 

85138 

85144 

86150 

86156 

85163 

86169 

85175 

85181 

711 

86187 

86193 

85199 

85205 

85211 

86217 

85224 

86230 

86236 

85242 

712 

86248 

85264 

852G0 

85266 

85272 

86278 

85285 

86291 

85297 

86303 

713 

86309 

86315 

85321 

85327 

86333 

85339 

85345 

86352 

85368 

85364 

714 

86370 

85376 

85382 

85388 

86394 

85400 

86406 

85412 

86418 

86425 

715 

8M31 

85437 

85443 

86449 

85456 

85461 

85467 

85473 

85479 

85485 

716 

85491 

85497 

85503 

85509 

85516 

85522 

85628 

85534 

85540 

85546 

717 

85662 

85558 

85564 

85570 

85576 

85582 

86588 

86594 

85600 

85606 

718 

85612 

85618 

85625 

85631 

86637 

86643 

86649 

86656 

85661 

85667 

719 

85673 

85679 

85685 

86691 

86697 

85703 

85709 

86716 

86721 

85727 

720 

85733 

85739 

85745 

86751 

86757 

86763 

85769 

85776 

86781 

85788 

721 

86794 

85800 

85806 

86812 

86818 

86824 

85830 

86836 

85842 

85843 

722 

85864 

86860 

86866 

86872 

86878 

86884 

86890 

86896 

86902 

85908 

723 

86914 

86920 

86926 

86932 

86938 

86944 

86960 

85966 

86962 

85968 

724 

86974 

86980 

86906 

85992 

86998 

86004 

86010 

86016 

860:^2 

^6028 

726 

86034 

86040 

86046 

86052 

86068 

86070 

86076 

86082 

86088 

726 

86094 

86100 

86106 

86112 

86118 

86124 

86130 

86136 

86141 

86147 

727 

86163 

86169 

86166 

86171 

86177 

86183 

86189 

86195 

86201 

86207 

728 

86213 

86219 

86226 

86231 

86237 

86243 

86249 

86266 

86261 

86267 

729 

86273 

86279 

86285 

86291 

8629? 

86303 

86308 

86314 

86320 

86326 

730 

86332 

86338 

86344 

86350 

86356 

86362 

86368 

86374 

86380 

86386 

731 

86392 

86398 

86404 

86410 

86416 

86421 

86427 

86433 

86439 

86445 

732 

86461 

86467 

86463 

86469 

86475 

8648J 

86487 

86493 

86499 

86504 

733 

86610 

86616 

86522 

86528 

86540 

86646 

86662 

86658 

86564 

734 

86670 

86676 

86681 

86687 

86693 

86699 

86605 

86611 

86617 

86623 

736 

86629 

86635 

86641 

86646 

86652 

86658 

86664 

86670 

86676 

86682 

736 

86688 

86694 

86700 

86705 

86711 

86717 

8672:3 

86729 

86736 

86741 

737 

86747 

86768 

86759 

86764 

86770 

86776 

86782 

86788 

86794 

86800 

738 

86806 

86812 

«6817 

86823 

86829 

86836 

86841 

86847 

86853 

86869 

739 

86864 

86870 

86876 

86882 

86883 

86894 

86900 

86906 

86911 

86917 

740 

86923 

86929 

86935 

86941 

86947 

86963 

86968 

86964 

86970 

86976 

741 

86982 

86988 

86994 

86999 

87006 

87011 

87017 

87023 

87029 

87036 

742 

87040 

87046 

87052 

87058 

87064 

87070 

87076 

87081 

87087 

87093 

743 

87099 

87106 

87111 

87116 

87122 

87128 

87134 

87140 

87146 

87161 

744 

87167 

87163 

87169 

87176 

87181 

87186 

87192 

87198 

8720* 

87210 

746 

87216 

87221 

87227 

87233 

87239 

87246 

87251 

872^ 

87262 

87268 

i 

746 

87274 

87280 

87286 

87291 

87297 

87303 

87309 

87316 

87320 

87326 

747 

87332 

87338 

87344 

87349 

87365 

87361 

87367 

87373 

87379 

87384 

748 

87390 

87396 

87402 

87408 

87413 

87419 

87426 

87431 

87437 

87442 

749 

87448 

87464 

87460 

87466 

87471 

87477 

87483 

87489 

87496 

87600 

760 

87606 

87612 

87618 

87623 

87629 

87636 

87641 

87647 

87662 

87668 

761 

87664 

87670 

87676 

87681 

87687 

87693 

87699 

87604 

87610 

87616 

762 

87622 

87628 

87633 

87639 

87646 

87661 

87666 

87662 

87668 

87674 

763 

87679 

87686 

87691 

87697 

87703 

87708 

87714 

87720 

87726 

87731 

764 

87737 

87743 

87749 

87764 

87760 

87766 

87772 

87777 

87783 

87789 

766 

87795 

87800 

87806 

87812 

87818 

87823 

87829 

87836 

87841 

87846 

766 

87862 

87868 

87864 

87869 

87876 

87881 

87887 

87892 

87898 

87904 

757 

87910 

87916 

87921 

87927 

87933 

87938 

87944 

87960 

87966 

87961 

768 

87967!  87973 

87978 

87984 

87990 

8799S 

88001 

88007 

88013 

88018 

759 

88024 

8803(^ 

88036 

88041 

88047 

\  88063 

18058 

88064i 

88070 

88076 

Digitized  by  VjOOQIC 
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TABLE  XXVl. 

LOOAMTHMS  OF  mTMIIS^ 

fio  7«"n 

8ibo 

. 

Log.  88081 

-91881. 

No. 

0 

1 

2 

8 

4 

5 

6 

■7 

8 

9 

760 

88081 

88087 

88093 

88098 

88104 

88110 

88116 

[  88121 

88127 

88133 

i 

761 

88138 

88144 

88150 

88156 

88161 

88167 

88173 

88178 

88184 

88190 

76« 

88195 

88201 

88207 

88213 

88218 

88224 

88230 

88235 

88241 

88247 

763 

88252 

88258 

88264 

88270 

88275 

88281 

88287 

88292 

88298 

88304 

764 

88309 

88315 

88321 

88326 

88332 

88338 

88348 

88349 

88855 

88860 

765 

88366 

H8372 

88377 

88383 

88389 

88395 

88400 

88406 

88412 

88417 

766 

88423 

88429 

88434 

88440 

88446 

88451 

88457 

88468 

88468 

88474 

767 

88480 

88485 

88491 

88497 

88602 

88508 

88513 

88519 

88526 

88580 

768 

88536 

88642 

88647 

88563 

88569 

88564 

88570 

88576 

88581 

88587 

769 

88593 

88693 

88604 

88610 

88615 

88621 

88627 

88682 

89638 

88643 

770 

83649 

88655 

88660 

88666 

88672 

88677 

88683 

88689 

88694 

88700 

771 

88706 

88711 

88717 

88722 

88728 

88734 

88739 

88745 

8875(^ 

88756 

772 

88762 

88767 

88773 

88779 

88784 

88790 

88795 

88801 

88807 

88812 

773 

88818 

88824 

88829 

88835 

88840 

88846 

88852 

88868 

88868 

774 

888'f4 

88880 

88885 

88891 

88897 

88902 

88908 

88913 

88919 

88925 

775 

88930 

88936 

88941 

88947 

88963 

88958 

88964 

88969 

88975 

88981 

776 

88986 

88990 

88997 

89003 

89009 

89014 

89020 

89025 

89031 

89057 

777 

89042 

89048 

89053 

89069 

89064 

89070 

89076 

89081 

89087 

89092 

778 

89098 

89104 

89109 

8^115 

89120 

89126 

89131 

89137 

89143 

89148 

779 

89154 

89159 

89165 

89170 

89176 

89182 

89187 

89198 

89198 

89204 

780 

89209 

89215 

89221 

892S6 

89232 

89237 

89243 

89248 

89254 

89260 

781  « 

89265 

89271 

89276 

89282 

89287 

89298 

89298 

89304 

89810 

89315 

782 

89321 

89326 

89332 

89337 

89343 

89348 

89354 

89360 

89365 

89871 

« 

783 

89376 

89382 

89387 

89393 

89398 

89404 

89409 

89415 

89421 

894S6 

784 

89432 

89437 

89443 

89448 

89454 

89469 

89465 

89470 

89476 

89481 

785 

09487 

89492 

89498 

89504 

89509 

89515 

89620 

89526 

89581 

89537 

706 

89342 

89548 

89553 

89559 

89564 

89670 

89575 

89581 

89586 

89592 

787 

89597 

89603 

89609 

89614 

89620 

89625 

89631 

89686 

8964S 

89647 

788 

89659 

89658 

89664 

89669 

89675 

89680 

£9636 

89691 

89697 

89702 

789 

89708 

89713 

89719 

89724 

89730 

89735 

89741 

89746 

89752 

89757 

790 

89763 

89768 

89774 

89779 

89785 

89790 

89796 

89801 

89807 

89812 

791 

89818 

89823 

89829 

89834 

89840 

89845 

89851 

89856 

8986S 

89867 

792 

89873 

89878 

89883 

89889 

89894 

89900 

89905 

89911 

89916 

89922 

793 

89927 

89933 

89938 

89944 

89949 

89965 

89960 

89966 

89971 

89977 

794 

89982 

89988 

89993 

89998 

90004 

90009 

90015 

90020 

90026 

90031 

796 

90037 

90042 

90048 

90063 

90069 

90064 

90069 

90075 

90080 

90086 

796 

90091 

90087 

90102 

90108 

90113 

90119 

90124 

90129 

90185 

90140 

797 

90146 

90151 

90167 

90162 

90168 

90173 

90179 

90184 

90189 

90195 

798 

90200 

90206 

90211 

90217 

90222 

90227 

90233 

90288 

90S44 

90249 

799 

90266 

90260 

90266 

90271 

90276 

90232 

90287 

90295 

90290 

90304 

800 

903W9 

90314 

90320 

90325 

90331 

90336 

90342 

90347 

90852 

90358 

801 

90S63 

90369 

90374 

90380 

90386 

90390 

90896 

90401 

90407 

90412 

802 

90417 

9(^423 

90428 

90434 

90439 

90445 

90450 

90455 

90461 

90466 

803 

90472 

90477 

904i;2 

90488 

90493 

90499 

90504 

90509 

90515 

905S0 

804 

90626 

90631 

90636 

90542 

90547 

90653 

90558 

90563 

90569 

90OT4 

806 

90680 

90086 

yo/j90 

90596 

90601 

90607 

90612 

90617 

90628 

906S8 

806 

90634 

90639 

90G44 

90660 

90665 

90660 

90666 

90671 

90677 

90682 

807 

90687 

90693 

90698 

90703 

90709 

90714 

90720 

90725 

90730 

90736 

808 

90741 

90747 

90762 

90757 

90768 

90768 

90773 

90779 

90784 

90789 

809 

90795 

90800 

90806 

90811 

90816 

9(mi 

90827 

90832 

90688 

90848 

^10 

90849 

90804 

90869 

90865 

90870 

90875 

90881 

90886 

90691 

90697 

811 

90902 

90907 

90913 

90918 

90924 

90929 

90934 

90940 

90946 

90950 

812 

90956 

90961 

90966 

90972 

90977 

90982 

90988 

90998 

90998 

91004 

813 

91009 

91014 

91020 

91025 

91030 

91036 

91041 

91046 

91052 

91057 

814 

91062 

91068 

91073 

91078 

91084 

91089 

91094 

91100 

91105 

91110 

S16 

91116 

91121 

91126 

91132 

91137 

91142 

91148 

91158 

91158 

91164 

81« 

91169 

91174 

91180 

91185 

91190 

91196 

91201 

91206 

91212 

91217 

^17 

91S22 

91228 

91238 

91238 

91243 

91249 

91254 

91259 

91265 

91S70 

818 

91276 

91281 

91286 

91291 

91297 

91802 

91807 

91312 

91818 

91328 

819 

91328 

91334 

913391 

91344 

91850 

91856 

91360 

91365 

91871 

91376 

_ 

^No.  1 

0 

1-    2  -1 

3 

4 

6 

6   1  7 

8 

9  1 

^^.v 


TABLE  XXYI. 

1 

LOOAUTHMS  OV  NUMBBBS. 

_No.MO( 

0    9000 

Log> 

ir  Al^VA          ^0  w  w  »M  • 

0. 

0  ;  1 

2 

3 

4 

6     6 

7 

8 

9 

820 

91381 

91387 

91392 

91397 

91403 

91408 

91413 

91418 

91424 

91429 

821 

91434 

91440 

91445 

91460 

914661 

91461 

91466 

91471 

91477 

91482 

8tS 

91487 

91492 

91498 

91603 

91608 

91614  ^161S! 

91524 

91529 

91636 

8S3 

91640 

91646 

91551 

91666 

91561 

91666 

91672 

91577 

91582 

91587 

8S4 

91693 

91698 

91603 

91609 

91614 

91619 

91624 

91630 

91636 

91640 

826- 

91646 

91661 

91656 

91661 

91666 

91672 

91677 

91682 

91687 

91693 

826 

91698 

91703 

91709 

91714 

91719 

91724 

91730 

91736 

91740 

91745 

827 

91761 

91766 

91761 

91766 

91772 

91777 

91782 

91787 

91793 

91798 

828 

91803 

91808 

91814 

91819 

91824 

91829 

91834 

91840 

91845 

91860 

829 

91866 

91861 

91866 

91871 

91876 

91882 

91887 

91892 

91897 

91908 

880 

91908 

91913 

91918 

91924 

91929 

91934 

91939 

91944 

91950 

91955. 

831 

91960 

91966 

91971 

91976 

91981 

91986 

91991 

91997 

92002 

92007 

832 

92012 

92018 

92023 

92028 

92033 

92038 

92044 

92049 

92064 

92059 

833 

92066 

92070 

92076 

92080 

92086 

92091!  92096 

92101 

92106 

92111 

834 

92117 

92122 

92127 

92132 

92137 

921431  92148 

92155 

92168 

92163 

83d 

92169 

92174 

92179 

92184 

92189 

92196!  92200 

92206 

92210 

92215 

836 

92221 

92226 

92231 

92236 

92241 

92247  92252 

92257 

92262 

92267 

837 

92273 

92278 

92283 

92288 

92293 

92298  92304 
92360  92356 

92309 

92314 

92319 

838 

92324 

92330 

92S36 

92340 

92346 

92361 

92366 

92371 

839 

92376 

92361 

92387 

92392 

92397 

92402;  92407 

92412 

92418 

92423 

840 

92428 

92433 

92438 

92443 

92449 

92464i  92469 

92464 

92469 

92474 

841 

92480 

92486 

92490 

92405 

92500 
92562 

92505i  92511 

92516 

92521 

92526 

'  842 

92631 

92636 

92642 

92647 

925571  92662 

92567 

92672 

92578 

843 

92683 

92688 

92693 

92598 

92603 

92609-  92614 

92619 

92624 

92629 

844 

92634 

92639 

92646 

92650 

92655 

92660  92665 

92670 

92676 

92681 

846 

92686 

92691 

.92696 

92701 

92706 

92711*  92716 

92722 

92727 

92732 

846 

92737 

92742 

92747 

92762 

92758 

927631  92768 

92773 

92778 

92783 

847 

92788 

92793 

92799 

92804 

92809 

92814!  92819 

92824 

92829 

92834 

848  1 

92840 

92846 

92860 

92866 

92860 

92866.  92870 

92875 

92881 

92886 

849 

92891 

92896 

92901 

92906 

92911 

92916  92921 

92927 

92932 

92937 

860 

92942 

92947 

92952 

92967 

92962 

92967.  9297^ 

92978 

92983 

92988 

851 

92993 

92998 

93003 

93008 

93013 

93018 

93024 

93029 

93034 

93039 

S62 

9S044 

93049 

93054 

93069 

93064 

93069 

93075 

93080 

93085 

93090 

863 

93096 

93100 

93106 

93110 

93115 

93120 

93125 

93131 

93136 

93141 

864 

93146 

93151 

93156 

93161 

93166 

93171 

93176 

93181 

93186 

93192 

866 

93197 

93202 

93207 

93212 

93217 

93222 

98227 

93232 

93237 

93242 

866 

93247 

93252 

93258 

93263 

93268 

98273 

93278 

93283 

93288 

93293 

867 

93298 

93803 

93308 

93313 

93318 

93323 

93328 

93334 

93339 

93344 

8A8 

93349 

93364 

93359 

93364 

93869 

9337^ 

93379 

93384 

93389 

93394 

869 

93399 

93404 

93409 

93414 

93420 

93425 

93430 

93435 

93440 

93446 

860 

934S0 

93455 

93460 

93465 

93470 

93475'  93480 

93485 

93490 

93496 

861 

93600 

93505 

93510 

93616 

93620 

93526.  93631 

93536 

93641 

93646 

862 

93661 

93666 

93661 

93666 

93571 

93576:  93581 

93586 

93591 

93696 

863 

93601 

93606 

93611 

93616 

93621 

93626)  93631 

93636 

93641 

93646 

864 

93651 

93666 

93661 

93oo6 

93671 

93676)  93682 

93687 

93692 

98697 

866 

93702 

i>3707 

937ia 

93717 

93722 

93727 

93732 

93737 

93742 

93747 

866 

93752 

93757 

93762 

93767 

93772 

93777 

93782 

93787 

93792 

93797 

867 

93802 

93807 

93812 

93817 

93822 

93827 

93832 

93887 

93842 

93847 

868 

93862 

93857 

93862 

93867 

93872 

93877 

93882 

93887 

93892 

93897 

869 

93902 

93907 

93912 

93917 

93922 

93927 

93932 

93937 

93942 

93947 

870 

93952 

93967 

93962 

93967 

98972 

93977 

93982 

93987 

93992 

93997 

871 

94002 

94007 

94012 

94017 

94022 

94027 

94032 

94037 

94042 

94047 

872 

94062 

94057 

94062 

94067 

94072 

94077 

94082 

94086 

94091 

94096 

873 

94101 

94106 

94111 

94116 

94121 

04126 

94131 

94136 

94141 

94146 

874 

94161 

94166 

94161 

94166 

94171 

94176 

94181 

94186 

94191 

94196 

876 

94201 

94206 

94211 

94216 

94221 

94226 

94231 

94236 

94240 

94245 

876 

94260 

94265 

94260 

94265 

94270 

94276 

94280 

94286 

94290 

94295 

877 

94300 

94306 

94310 

94315 

94320 

94325 

94330 

94336 

94340 

94345 

878 

94349 

94334 

94359 

94364 

94369 

94374 

94379 

94384 

94389 

94394 

879 

94399 

94404 

94409 

94414 

94419 

94424 

94429 

94433 

94438 

94443 

No. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

.^.x 


(2 


TABLE  XXVI. 

LOOARITHMS  OF  NUMBEKS. 


No.  8800 — 55557 


Log.  9i't48   97313. 


No. 


94458 
94507 
94657 
94606 
94655 


944631 
94512 
94562 
94611 
94660 


5   I  6 


94473r 

94522 

94571 

94621 

94670 


8 


881 
882 
883 
884 


94448 


9-U98 
94547 
94596 
94645  94650 


944531 
94503| 
94552 
94601 


94468 
94517 
94667 
94616 
94665 


94478 
94527 
94576 
94626 
94675 


94483|  94488 


94532 
94581 
94630 
94680 


94537 
94586 
94635 

94685 


94493 
94542 
94591 
94640 
94689 


885 
886 
887 
888 
889 


94694 
94743 
94792 
94841 


94890 


94699 
94748 
94797 
94846 
94895 


94704 
94753 
94802 
94851 
S4900 


94709 
94758 
94807 
94856 
94905 


94714 
94763 
94812 
94861 
94910 


94719 
94768 
94817 
94866 
94915 


94724 
94773 
94822 
94871 
94910 


94729 
94778 
94827 
94876 
94924 


94734 
94783 
94832 
94880 
94929 


94738 
947«7 
94836 
94885 
94934 


890 
891 
893 
893 

894 


94939 
94988 
95036 


95085 
95134 


94944 
94993 
96041 
96090 
96139 


94949 
94998 
95046 
95096 
95143 


949M 
96002 
95051 
95100 
95148 


94959 
95007 
95056 
95105 
95153 


94963 
95012 
95061 
95109 
95158 


94968 
95017 
95066 
95114 
95163 


94973 
95022 
95071 
95119 
96168 


94978 
95027 
95075 
95124 
95173 


94983 
95032 
95080 
95129 
95177 


895 
896 
897 
898 
899 


95187 
95236 
96284 
96332 
95376  95381 


95182 
95231 
96279 
95328 


95192 
95240 
96289 
95337 


95386  95390 


95197 
95245 
95294 
95342 


95202 
95250 
96299 
96347 
95395 


95207 
95256 
96903 
95352 
96400 


95211 
95260 
95308 
96367 
95406 


95216 
96265 
95313 
95361 
95410 


95221 
95270 
95318 
95366 


95415  96419 


952!26 
95274 
95323 
95371 


90U 
901 
902 
903 
904 


95424 
96472 
95521 

96569 
95617 


96429 
95477 
95626 
95574 
95622 


95434 

96482 
96530 
96578 
96626 


95439 
95487 
95535 
96683 
95631 


96444 
96492 
95540 
95588 
96636 


95448  95453 


95497 
96545 
95593 
96641 


96501 
96660 
95598 
96646 


95458 
96506 
95554 
95602 
95650 


95463 
95511 
95569 
96607 
95656 


95468 
96616 
95564 
95G12 
95660 


905 
906 
907 
908 
909 


95665 
95713 
95761 
96809 
96866 


96670 
95718 
95766 
95813 
96861 


96674 
96722 
95770 
95818 
95866 


95679 
96727 
96776 
96823 


96871  96876 


95684 
96732 
96780 
96828 


96689 
95737 
96786 
95832 
95880 


96694 
96742 
95789 
95837 
95886 


95698 
95746 
96794 
96842 
96890 


96703 
95751 
96799 
95847 
96896 


95708 
95766 
96804 
95852 
95899 


910 
911 

912 
913 

014 


95904 
95962 
96999 
96047 
96095 


96909^  95914 
96957,  95961 
960041  96009 
96052]  96067 
960991  96104 


96918 
95966 
96014 
96061 
96109 


96923  95928 


96971 
96019 
96066 
96114 


96976 
96023 
96071 
96118 


96933  95938 


95980 
96028 
96076 


96123  96128 


96986 
96033 
96080 


95942 
95990 
96038 
96086 
96133 


95947 
95996 
96042 
96090 
96137 


916 
916 
917 
918 
919 


96I4i 
96190 
96237 
96284 
96332 


96152 
96199 
96246 
96294 
96341 


?6379 
96426 
96478 
96520 
96567 


96166 
96204 
96261 
96298 
96346 


96161 
96209 
96266 
96303 
96360 


96166 
96213 
96261 
96308 
96365 


96171 
96218 
96265 
96313 
96360 


96176 
96223 
96270 
96317 
96365 


96180 
96227 
96276 
96322 
96369 


96185 
96232 
96280 
96327 
96374 


920 
921 
922 
923 
924 


96388 
96436 
96483 
96630 
96577 


96393 
96440 
96487 
96534 
96581 


96398 
96445 
96492 
96539 
96586 


96402 
96450 
96497 
96544 
96591 


96407 
96464 
96501 
96648 
96596 


96412 
96459 
96506 
96663 
96600 


96417 
9l}4o4 

9661  r 
96668 
96606 


96421 
96468 
96516 
96562 
96609 


926 
926 
927 
928 
929 


96614 
96661 
96708 
96765 
96802 


96624 
96670 
96717 
96764 
96811 


96628 
96675 
96722 
96769 
96816 


96633 
96680 
96727 
96774 
96820 


96638 
96685 
96731 
96778 
96826 


96642 
96689 
96736 
96783 
96830 


96647 
96694 
96741 
96788 
96834 


^6652 
96699 
96746 
96792 


96666 
96703 
96750 
96797 
96844 


930 
931 
932 
933 
934 


96848 
96896 
96942 
96988 
97035 


96868 
96904 
96961 
96997 
97044 


9W9O 
97137 
97183 
97230 
97276] 


96862 
96909 
96956 
97002 
97043 


96867 
96914 
96960 
97007 
97053 


96872 
96918 
96965 
97011 
97058 


96876 
96923 
96970 
97016 
97063 


96881 
96928 
96974 
97021 
97067 


96886 
96932 
96979 
97026 
97072 


96890 
96937 
96984 
97030 
97077 


935 
936 
937 
938 
939 


I  «o. 


97081 
97)28 
97174 
97220 

jmi 


97086 
97132 
97179 
97226 
97271! 


97095 
97142 
97188 
97234 
97280 


97100 
97146 
97192 
97239 
97285J 


97104 
97151 
97197 
97243 
97290 


3   I   4  i   6 


97109 
97155 
97202 
97248 
97294 


97114 
97160 
97206 
97253 
97299 


97118 
97165 
97211 
97257 
97304 


97123 
97169 
97216 
97262 
97308 


6  1  7 


8 


.^.v 


TABLE  XXVL 

18S 

LOOAUTHMS  OF  NUMBSRS. 

No.  9400 10000. 

Log.  97313 99996. 

' 

No. 

0 

1 

2 

3 

4 

5 

6- 

7 

8 

9 

940 

97313 

97317 

97322 

97327 

97331 

97336 

97340 

97345 

9735U 

^J7354 

941 

97369 

97364 

97368 

97373 

97377 

97382 

97387 

97391 

97396 

97400 

942 

97405 

97410 

97414 

97419 

97424 

97428 

97433 

97437 

97442 

97447 

943 

97451 

97466 

97460 

97465 

97470 

97474 

97479 

97483 

97488 

97493 

944 

97497 

97502 

97606 

97611 

97316 

97520 

97626 

97529 

97534 

97639 

945 

97543 

97648 

91652 

97667 

97362 

97666 

97671 

97576 

97580 

97685 

946 

97589 

9769^ 

97398 

97603 

97607 

97612 

97617 

97621 

97626 

97630 

947 

97636 

97640 

97644 

97649 

97653 

97668 

97663 

97667 

97672 

97676 

948 

97681 

97685 

97690 

97696 

97699 

97704 

97708 

97713 

97717 

97722 

949 

97727 

97731 

97736 

97740 

97746 

97749 

97754 

97769 

97763 

97768 

950 

97772 

97777 

97782 

97786 

97791 

97796 

97800 

97804 

97809 

97813 

951 

97818 

97823 

97827 

97832 

97836 

97841 

97846 

97860 

97856 

97869 

952 

97864 

97868 

97873 

97877 

97882 

97886 

97891 

97896 

97900 

97906 

953 

97909 

97914 

97918 

97923 

97928 

979te 

97937 

97941 

97946 

97960 

954 

97955 

97969 

97964 

97968 

97973 

97978 

97932 

97987 

97^1 

97996 

966 

98000 

98006 

98009 

98014 

98019 

9802^ 

98028 

98032 

98037 

98041 

966 

98046 

98060 

98055 

98059 

98064 

98068 

98073 

98078 

98082 

98087 

957 

98091 

98096 

98100 

98105 

98109 

98114 

98118 

98123 

98127 

98132 

958 

98137 

98141 

98146 

98150 

98156 

98159 

98164 

98168 

98173 

98177 

959 

98182 

98186 

98191 

98195 

98200 

98204 

98209 

98214 

98218 

98223. 

960 

98227 

98232 

98236 

98241 

98246 

98260 

98264 

98259 

98263 

98268 

961 

98272 

98277 

98281 

98286 

98290 

98295 

98299 

98304 

98308 

98313' 

962 

98318 

98322 

98327 

98331 

98336 

98340 

98346 

98349 

98364 

98358 

963 

98363 

98367 

98372 

98376 

98381 

98385 

98390 

98394 

98399 

98403 

964 

98408 

98412 

98417 

98421 

98426 

98430 

98435 

98439 

98444 

98448 

965 

98453 

98467 

98462 

98466 

98471 

98476 

98480 

98484 

98489 

98493 

966 

98498 

98502 

98607 

985U 

98616 

98520 

98626 

98629 

98534 

98538 

967 

98643 

98647 

98552 

98656 

98661 

98565 

98670 

98674 

98679 

98583 

968 

98588 

98692 

98697 

98601 

98606 

98610 

98614 

98619 

98623 

98628 

969 

98632 

98637 

98641 

98646 

98650 

98656 

986Sd 

98664 

98668 

98679 

970 

98677 

98682 

98686 

98691 

98695 

98700 

98704 

98709 

98713 

98717 

971 

98722 

98726 

98731 

98735 

98740 

98744 

98749 

98753 

98768 

98762 

972 

98767 

98771 

98776 

98780 

98784 

98789 

98793 

98708 

98802 

98807 

973 

98811 

98816 

98820 

98826 

98829 

98834 

98838 

98843 

98847 

98851 

974 

98866 

98860 

98865 

98869 

98874 

98878 

98883 

98887 

98892 

98896 

975 

98900 

98906 

98909 

98914 

98918 

98923 

98927 

98932 

98936 

98941 

976 

98945 

98949 

98954 

98958 

98963 

98967 

98972 

98976 

98981 

98986 

977 

98939 

98994 

98998 

99003 

99007 

99012 

99016 

99021 

99025 

99029 

978 

99034 

99038 

99043 

99047 

99062 

99056 

99061 

99065 

99069 

99074 

979 

9^078 

99083 

99087 

99092 

99096 

99100 

99106 

99109 

.99114 

99118 

980 

99123 

99127 

99131 

99136 

99140 

99146 

99149 

99164 

99158 

9916:t 

981 

99167 

99171 

99176 

99180 

9918A 

99189 

99193 

99198 

99202 

99207 

982 

99211 

99216 

99220 

99224 

99229 

99233 

99238 

99242 

99247 

99261 

983 

99265 

99260 

99264 

99209 

99273 

99277 

99282 

99286 

99291 

99296 

984 

99300 

99304 

99308 

99313 

99317 

99322 

99326 

99330 

9933^ 

99339 

985 

99344 

99348 

99362 

99357 

99361 

99366 

99370 

99374 

99379 

99383 

986 

99388 

99392 

99396 

99401 

99406 

99410 

99414 

99419 

99423 

99427 

987 

99432 

99436 

99441 

99446 

99449 

99454 

90458 

99463 

99467 

99471 

988 

99476 

99480 

99484 

99489 

99493 

99498 

99502 

99506 

99611 

99516 

989 

99520 

99524 

99528 

99533 

99537 

99542 

99646 

99550 

99556 

99559 

990 

99664 

99568 

99672 

99577 

99581 

99585 

99590 

99694 

99599 

99603 

991 

99607 

99612 

99616 

99621 

99626 

99629 

99634 

99638 

99642 

99647 

992 

99651 

99666 

99660 

Q<UULA 
ifVWrm 

99669 

99673 

99677 

99682 

99686 

99691 

993 

99696 

99699 

99704 

99708 

99712 

99717 

99721 

99726 

99730 

997»4 

994 

99739 

99743 

99747 

99762 

99766 

99760 

99765 

99769 

99774 

99778 

996 

99782 

99787 

99791 

99796 

99800 

99804 

9980^ 

99813 

99C17 

99822 

996 

99826 

99830 

99835 

99839 

99843 

99848 

99862 

99866 

99861 

99865 

997 

99870 

99874 

99878 

99883 

99887 

99891 

99896 

99900 

99904 

99909 

998 

99913 

99917 

99922 

99926 

99930 

99936 

99939 

99944 

99948 

99952 

_, 

999 

99967 

99961 

99965 

99970 

99974 

99978 

99983 

99987 

99991 

99996 

No. 

0_ 

1     2 

3 

4 

6 

6 

7 

8   1    9 

184                 TABLE  XXVn.       » 

"« 
i 

Log,  Sine*,  Tangents  and  Secants. 

ODcg.                                       Degs.179. 

M.  HOUTA-M. 

HOOTPH. 

Sine. 

Co-sine. 

Tangent. 

Co-tang. 

Secant. 

Co-aecant 

M.  1 

0  '12  0  0 

0  0  0 

Inf.  Neg. 
6.46373 

10.00000 

Inf.  JSeg. 
6.46373 

Infinite. 

10.00000 

Infinite. 

60 

1   1 

11  59  52 

0  8 

OQOOO 

13.53627 

00000 

13.63627 

69 

1   2 

59  44 

0  16 

76476 

00000 

76476 

2359^ 

00000 

23524 

68 

3 

59  36 

0  24 

94085 

00000 

94085 

059U 

00000 

05916 

57 

4 

59  28 

0  32 

7.06579 

00000 

7.06579 

12.93421 

00000 

19.93421 

66 

6 

11  59  20 

0040 

7.162?» 

10.00000 

7.16270 

12.83730 

10.00000 

12.83730 

65 

6 

59  12 

0  48 

24188 

00000 

UlBS 

75812 

00000 

75812 

64 

7 

59  4 

0  56 

30889 

00000 

69118 

00000 

69118 

53 

8 

58  56 

1  4 

36682 

00000 

36682 

63318 

00000 

63318 

51 

9 

58  48 

1  12 

41797 

00000 

41797 

58203 

00000 

68903 

5t 

10 

11  58  40 

0  1  20 

7.46373 

10.00000 

7.46373 

12.53627 

10.00000 

19.63627 

50 

11 

58  32 

1  28 

50512 

00000 

60512 

49488 

00000 

49488 

49 

12 

58  24 

1  36 

54291 

00000 

64291 

45709 

00000 

45709 

48 

13 

58  16 

1  44 

57767 

00000 

57767 

42233 

00006 

42233 

47 

H 

58  8 

1  52 

60985 

00000 

60986 

39014 

00000 

39016 

46 

15 

11  58  « 

0  2  0 

7.639.i2 

10.00000.  7.6396t 

19.3601H 

lO.OOOOO 

12.36018 

46 

16 

57  52 

2  8 

66784 

00000 

B67BB 

33915 

00000 

83216 

44 

17 

57  44 

2  16 

69417 

9.99999 

69418 

30582 

00001 

30683 

43 

18 

57  36 

2  24 

71900 

99999 

71900 

28100 

00001 

tBim 

42 

19 

57  28 

2  32 

74248 

99999 

74948 

25752 

00001 

26769 

41 

20 

11  57  20 

0  2  40 

7.76475 

9.999y9 

7.76476 

12.23524 

10.00001 

12.23525 

40 

2) 

57  12 

2  48 

.  78594 

99999 

78595 

21405 

00001 

21406 

39 

22 

57  4 

2  56 

80615 

99999 

80615 

19385 

00001 

19386 

38 

23 

56  56 

3  4 

82545 

99999 

89546 

17454 

00001 

17465 

37 

24 

56  48 

3  12 

84393 

99999 

84394 

15606 

00001 

15607 

36 

25 

11  56  40 

0  3  20 

7.861d6 

9.99999 

7.86167 

12.13833 

lO.OOCK)! 

12.13834 

35 

26 

56  32 

3  28 

87jno 

9S999 

87871 

12129 

00001 

12190 

34 

27 

56  24 

3  36 

89c'9 

99999 

89510 

10490 

00001 

10491 

33 

28 

56  16 

3  44 

910'8 

99999 

91089 

08911 

00001 

08912 

32 

29 

56  8 

3  52 

92612 

99998 

92613 

07S87 

00002 

07388 

31 

30 

11  56  0 

0  4  0 

7.94084 

.9.99^98 

7.94086 

12.05914 

10.00002 

12.05916 

30 

31 

55  52 

4  8 

95508 

99998 

96510 

04490 

00002 

04492 

29 

32 

55  44 

4  16 

96887 

99998 

96889 

03111 

00002 

03113 

98 

33 

55  36 

4  24 

98223 

99998 

98225 

01775 

00009 

01777 

27 

34 

55  28 

4  32 

99520 

99998 

99522 

00478 

00009 

00480 

26 

35 

11  55  90 

0  4  40 

8.00779 

9.99998 

8.00781 

11.99219 

10.00002 

11.99221 

25 

36 

55  IS 

4  46 

02002 

99998 

09004 

97996 

00009 

97998 

24 

37 

55  4 

4  56 

03192 

99997 

03194 

96806 

00003 

96808 

23 

38 

54  56 

5  4 

04360 

99997 

04369 

95647 

00003 

95650 

22 

39 

54  48 

5  12 

05478 

99997 

05481 

9451 S 

00003 

94522 

21 

40 

11  54  40 

0  5  SO 

8.06678 

9.999971  8.06581 

11.93419 

10.00003 

H.934M 

20 

41 

54  32 

5  28 

07650 

99997 

07653 

92347 

00003 

92350 

19 

42 

54  24 

5  36 

08696 

99997 

08700 

91900 

00003 

91304 

18 

43 

54  16 

6  44 

09718 

99997 

09722 

90978 

00003 

90289 

17 

44 

54  8 

5  52 

10717 

99996 

10720 

89980 

00004 

89283 

16 

45 

11  54  0 

0  6  0 

8.11693 

9.99996 

8.11696 

11.88304 

10.00004 

11.88301 

16 

46 

63  52 

6  8 

12647 

'  99996 

19651 

87349 

00004 

87353 

14 

47 

53  44 

6  16 

13581 

99996 

13585 

86416 

00004 

86419 

19 

48 

63  36 

6  S4 

14495 

'  99996   14500] 

85500 

00004 

85605 

12 

i 

49 

63  28 

6  39 

15391 

99996 

16895 

84606 

00004 

84609 

11 

[ 

50 

U  53  20 

0  6  40 

8.16268 

9.99995 

8.16273 

11.83727 

10.00005 

11.83732 

10 

51 

53  12 

648 

17128 

QAAOK 

17133 

82867 

00005 

89872 

9 

52 

53  4 

6  56 

17971 

99990 

17976 

89024 

00005 

82099 

8 

53 

52  56 

7  4 

18798 

99995 

18804 

81196 

00005 

812091  7 

54 

52  48 

7  19 

19610 

999951   19616 

80384 

00005 

80390.'  6 

55 

11  52  40 

0  7  20 

8.20407 

9.99994 

8.20413 

11.79587 

10.00006 

11.79593|.  6 

66 

52  32 

7  28 

21189 

99994 

21195 

78806 

00006 

78811  4 

67 

52  24 

7  36 

21968 

99994 

91964 

78096 

00006 

78042  » 

58 

52  16 

7  44 

22713 

99994 

29790 

77280 

00006 

77287  9 

59 

52     8 

7  52 

23466 

99994 

33462 

76538 

00006   76544]  1 

60    52  0|   8  0 

24186 

99993 

24192 

75808 

00007   75814  0 

M. 

9C 

Houi-p.m.Ihouta.k. 

Co-aine. 

Sine. 

Co-tang. 

Tangent. 

bo-«ecaot'  JSecant.   M.  • 

ii/eg^                                          l>egs.S9. 

uiyiuzw 

juy  >^'.^ 

^^.^ 

iDeg. 


TABLE  XXVIL 
Log.  Sines,  Tangents  and  Secants. 


Pegs.  I 


1  M.  iHourA.M. 

HoniT.H. 

Sine.  1  Cosine.  1 

Tangent. 

Co-tang. 

Secant 

Co-secaiu 

0 

U  52  0 

0  8  0 

8.24186 

9.99993 

8.24192 

11.75808 

10.00007 

11.75814 

1 

51  52 

8  8 

24903 

99993 

24910 

75090 

00007 

75097 

2 

61  44 

8  16 

25609 

99993 

25616 

74384 

00007 

74391 

3 

61  36 

8  24 

26304 

99993 

26312 

73688 

00007 

73696 

4 

61  28 

8  32 

26988 

"99992 

26996 

73004 

00008 

73012 

6 

11  51  20 

0   8  40 

8.27661 

9.99992 

8.27669 

11.72331 

lo.eooori 

11.72339! 

6 

61  12 

8  48 

28324 

99992 

28332 

71668 

00008 

71676 

7 

61  4 

8  56 

28977 

99992 

28986 

71014 

00008 

71023 

8 

50  56 

9  4 

29621 

99992 

29629 

70371 

00008 

70379 

9 

50  48 

9  12 

30255 

99991 

30263 

69737 

00009 

69745 

10 

11  50  40 

0  9  20 

8.30879 

9.99991 

8.30888 

11.69112 

10.00009 

11.69121 

11 

60  32 

9  28 

31495 

99991 

31505 

68495 

00009 

68605 

It 

50  24 

9  36 

32103 

99990 

32112 

67888 

00010 

67897 

13 

50  16 

9  44 

32702 

99990 

32711 

67289 

00010 

67298 

14 

60  8 

9  52 

33292 

99990 

33302 

66698 

00010 

66708 

16 

11  50  0 

0  10  0 

8.33876 

9.99990 

8.33886 

11.66114 

10.00010 

11.66126 

16 

49  52 

10  8 

34450 

99989 

34461 

65539 

00011 

65560 

17 

49  44 

10  16 

35018 

99989 

35029 

64971 

00011 

6498:2 

18 

49  36 

10  24 

35578 

99989 

35590 

64410 

00011 

64422 

19 

49  28 

10  32 

36131 

999H9 

36143 

63867 

00011 

63869 

20 

U  49  20 

0  10  40 

S. 36678 

9.99988 

8.36689 

11.63311 

10.00012 

11.63322 

21 

49  12 

10  40 

37217 

99988 

37229 

62771 

00012 

62783 

22 

49  4 

10  66 

37750 

99988 

37762 

62238 

00012 

62260 

23 

4ii   56 

11  4 

38276 

99987 

38289 

61711 

00013 

61724 

24 

48  48 

11  12 

38796 

99987 

38809 

61191 

00013 

61204 

25 

11  48  40 

0  11  20 

8. 393 10 

9.99987 

8.39323 

11.60677 

10.00013 

11.60690 

26 

48  32 

11  28 

39818 

99986 

39832 

60168 

00014 

60182 

27 

48  24 

11  36 

40320 

99986 

40334 

59666 

00014 

69680 

28 

48  16 

11  44 

40816 

99986 

40830 

59170 

00014 

69184 

29 

48  8 

11  62 

41307 

99985 

41321 

58679 

00015 

68693 

30 

11  48  0 

0  12  0 

8.41792 

9.99985 

8.41807 

11.58193 

10.00015 

11.68208 

31 

47  52 

12  8 

42272 

99985 

42287 

57713 

00015 

67728 

32 

47  44 

12  16 

42746 

99984 

42762 

67238 

00016 

57254 

33 

47  36 

12  24 

43216 

99984 

43232 

56768 

00016 

66784 

34 

47  28 

12  32 

43680 

99984 

43696 

56304 

00016 

56320 

3d 

11  47  20 

0  12  40 

8.44139 

9.99983 

8.44166 

11.55844 

10.00017 

11.56861 

36 

47  12 

12  48 

44594 

99983 

44611 

55389 

00017 

65406 

37 

47  4 

12  56 

45044 

99983 

45061 

54939 

00017 

5495S 

38 

46  56 

13  4 

45489 

99982 

45507 

54493 

00018 

64611 

3y 

46  43 

13  12 

45930 

99982 

45948 

54052 

00018 

,  64070 

4(> 

11  46  40 

0  13  20 

8.46366 

9.99982 

8.46385 

11.53615 

10#00018 

11.53634 

41 

46  32 

13  28 

46799 

99981 

46817 

53183 

*  00019 

63201 

4S 

46  24 

13  36 

47226 

99981 

47245 

62755 

00019 

52774 

43 

46  16 

13  44 

47650 

99981 

47669 

62331 

00019 

52350 

44 

46  8 

13  52 

48069 

99980 

48089 

61911 

00020 

61931 

46 

11  46  0 

0  14  0 

8.484i>5 

9.99980 

8.48505 

11.61495 

10.00020 

11.51515 

46 

46  52 

14  8 

48896 

99979 

48917 

61083 

00021 

51104 

47 

45  44 

14  16 

49304 

99979 

49325 

60675 

00021 

50696 

48 

46  36 

14  24 

49708 

99979 

49729 

50271 

00021 

60292 

49 

45  28 

14  32 

60108 

99978 

50130 

49870 

00022 

49892 

60 

11  46  20 

0  14  40 

8.50504 

9.99978 

8.50527 

11.49473 

10.00022 

11.49496 

61 

46  12 

14  48 

60897 

99977 

50920 

49080 

00023 

49103 

62 

46  4 

14  56 

61287 

99977 

51310 

48690 

00023 

48713 

63 

44  66 

16  4 

61673 

99977 

51696 

48304 

00023 

48327 

64 

44  48 

15  12 

52055 

99976 

52079 

47921 

00024 

47945 

55 

U  44  40 

0  15  20 

8.52434 

9.99976 

8.52459 

11.47541 

10.00024 

11.476t)6 

66 

44  32 

16  28 

62810 

99976 

52836 

47165 

00025 

47190 

67 

44  24 

15  36 

63183 

99975 

63208 

46792 

00025 

46817 

68 

44  16 

15  44 

68652 

99974 

53578   46422 

00026 

69 

44  8 

16  52 

68919 

9997^ 

63946   46055 

00026 

46081 

60 

44  0 

16  0 

64282 

99974 

54308   45692   00026 

46718 

1 

M 

Uoorp-M. 

iHoiirA.M. 

G«Htee. 

Sine. 

Co-tans.iTaiiiGent.Co-wGa]ii'  Secant 

SlDesi. 

Z                       ">^ 

uiyiLizeu  uy 

r 

S^^ 
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2  Pegs, 


TABLE  XXVn. 
Log.  Sines^  Tangents  and  Secants. 


Tangent 


Co- tang. 


Peg*.  177. 


HOOTA.M. 


P 


.oiirp.M. 


Sine. 


Co-sine. 


Secant  I  Co-gecant 


11  44  0 
4S  52 
43  44 
43  36 
43  28 


16 
16 
16  16 
16  24 
16  32 


8.54282 

•    54642 

54999 

55354 

55705 


9.99974 
99973 
99973 
99972 
99972 


8.54308 
54669 
55027 
55382 
55734 


11.45692 
45331 
44973 
44618 
44266 


10.00026{11. 45718 
00027|      45358 


00027 
00028 
00028 


45001 
44646 
44295 


60 
69 
58 
57 
56 


11  43  20 
43  12 
43.  4 

42  56 
42  48 


0  16  40 
16  48 

16  56 

17  4 
17  12 


8.56054 
56400 
56743 
57084 
57421 


9.99971 
99971 
99970 
99970 
99969 


8.56083 
56429 
56773 
57114 
57452 


11 


43917 
43571 
43227 
42886 
42548 


10.00029 
O00S9 
00030 
00030 
00031 


11.43946 
43600 
43267 
42916 
42579 


66 
64 

63 
62 
61 


11  42  40 
42  32 
42  24 
42  16 
42  8 


17  20 
17  28 
17  36 
17  44 
17  52 


8.57767 
58089 
58419 
58747 
59072 


9.99969 
99968 
99968 
99967 
99967 


8.57788 
68121 
58451 
58779 
59105 


11 


8.59428 
59749 
60068 
60384 
60698 


42212 
41879 
41549 
41221 
40895 


10.00031 
00032 
0003S 
00033 
00033 


11.42243 
41911 
41581 
41253 
40928 


60 
49 
48 
47 
46 


11  42  0 
41  52 
41  44 
41  36 
41  28 


0  18 
18 
18  16 
18  24 
18  32 


8.59395 
59716 
60033 
60349 
60662 


9.99967 
99966 
99966 
99965 
99964 


11 


40572 
40251 
39932 
39616 
39302 


10.00083 
00034 
00034 
00035 
00036 


11.40605 
40285 
39967 
89651 
39338 


45 
44 
43 
42 

41 


1  41  20 

41  12 

-41 

40  56 

40  48 


18  40 
18  48 

18  56 

19  4 
19  12 


8.60973 
61282 
61589 
61894 
62196 


9.99964 
99963 
99963 
99962 
99962 


8.61009 
61319 
61626 
61931 
622341 


11.38991 
38681 
38374 
38069 
37766 


10.00036 
00037 
90037 
00038 
00038 


11.390271  40 


38718 
3841 
38106 
37804 


39 
38 
37 
36 


11  40  40 
40  32 
40  24 
40  16 
40  8 


19  20 
19  28 
19  36 
19 
19  52 


8.62497 

-  62795 

63091 

63385 

63678 


9.99961 
99961 
99960 
99960 
99959 


8.62536 
62834 
63131 
63426 
63718 


1.37465 
3716C 
36869 
36574 
36282 


10.00039 
00039 
00040 
00040 
00041 


11.37503 
37205 
36909 
36615 
36322 


35 
34 
33 
32 

31 


11  40 

39  52 
39 

39  36 
39  28 


0  20 
20 
20  16 
20  24 
20  32 


8.63968 
64256 
64543 
64827 
65110 


11  39  20 
39  12 

'  39  4 
38  56 
38  48 


0  20  40 
20  48 

20  56 
21 

21  12 


8.65391 
66670 
65947 
66223 
66497 


9.99959 
99958 
99958 
99967 
99956 

9.99956 
99955 
99955 
99954 
99954 


8.64009 
64298 
64586 
64870 
65154 


11.35991 
35702 
35415 
35130 
34846 


10.00041 
00042 
00042 
00043 
00044 


11.36032 
35744 
36467 
35173 
34890 


30 
29 
28 
27 
26 


8.65435 
65715 
65993 
66269 
66543 


11 .34565|l0.00044|lT. 34609 
34330 


34285 
34007 
33731 
33457 


00045 
00045 
0004^ 
00046 


25 
24 


11  38  40 
38  32 
38  24 
38  16 
38  8 


34063  23 
33777  22 
33503  21 


0  21  20 
21  28 
21  86 
21  44 
21  52 


8.66769 
67039 
67308 
67575 
67841 


9.99953 
99962 
99962 
99951 
99951 


8.66816 
67087 
67356 
67624 
67890 


11.33184  10.00047 


32913 
32644 
82376 
32110 


00048 
00048 
00049 
00049 


11.33231 
32961 
32692 
32425 
32159 


20 
19 
18 
17 
16 


11  38  0 
37  52 
37  44 
37  36 
37  28 


0  22 
22 
22  16 
22  24 
22  32 


8.68104 
.68367 
68627 
68886 
69144 


9.99960   8.6815411.3184610.0005011.31896 


99949 
99949 
99948 
99948 


68417 
68678 
68938 
69196 


11  37  20 
37  12 
37  4 
36  56 
36  48 


31583 
31322 
31062 
30804 


00051 
00051 
00052 
00052 


31633 


15 
14 


31373  13 
31114  12 
30866  11 


0  22  40 
22  48 

22  56 

23  4 
23  12 


.69400 
69654 
69907 
70159 
70409 


9.99947 
99946 
99946 
99945 
99944 


8.69453 
69708 
69962 
70214 
70465 


11.3054710.0006311.30600    10 


30292 
30038 
29786 
29535 


00064 
00054 
00065 
00056 


55  11  36  40 
36  32 
36  24 
36  16 
36 
36  Of 


30346 
30093 
29841 
29691 


0  23  20 
23  28 
23  36 
23  44 

23  52 

24  0 


M-  [Hourr.M. 
12  Degg."^ 


8.70658 
70905 
71151 
71395 
71638 
71880 


9.99944 
99943 
99942 
99942 
99941 
99940 


8.7071411.29286 


70962 
71208 
71453 
71697 
71940 


HoOTA.M. 


29038 
28792 
28547 
28303 
28060 


10.00066 
00057 
00058 
00058 
00069 
00060 


Co-«ine. 


Sine. 


Co-tang.  iTangent  ^Co-secant 


11.29342 
29095 
28849 
28605 
28362 
28120 


Secant 


^Jfegfc^J^i" 


\ „ 

TABLE  XXVII.               187 

Log.  Sines,  Tangento  and  Secants. 

^Berfc                                              De£8.  176. 

M 

HourA.M. 

Hourp.M. 

Sine. 

Co^ne. 

Tangent 

Co-tang. 

Secant  Co-secantj  M 

0 

11  96  0 

0  24  0 

8.718<iO 

9.99940 

8.71940 

11.28060 

10.0006011.28120 
00060|   27880 

60 

1 

95  52 

24  8 

72120 

99940 

72181 

27819 

59 

s 

95  44 

24  16 

72359 

99939 

72420 

27580 

00061   27641 

58 

9 

95  36 

24  24 

72597 

99938 

72669 

27341 

00062   27403 

57 

4 

35  28 

24  92 

72834 

99938 

72896 

27104 

00062   27166 

56 

5 

11  35  20 

0  24  40 

8.73069 

9.99937 

8.73132 

11.26368 

10.0006311.26^31 

55 

6 

95  IS 

24  48 

73303 

99936 

73366 

26634 

00064 

26697  64 

7 

95  4 

24  56 

73535 

99936 

73600 

26400 

00064 

26465 

53 

8 

94  56 

25  4 

73767 

99936 

73832 

26168 

00065 

26233 

52 

9 

34  43 

25  12 

73997 

99934 

74063 

25937 

00066 

26003 

51 

10 

U  34  40 

0  25  20 

8.74226 

9.99934 

8.74292 

11.25708 

10.00066 

11.25774 

50 

n 

34  32 

25  28 

74454 

99933 

74521 

25479 

00067 

25546 

49 

12 

34  24 

25  36 

74680 

99932 

74748 

25252 

00068 

25320 

48 

13 

34  16 

'  25  44 

74906 

99932 

74974 

26026 

00068 

25094 

47 

14 

34  8 

25  52 

76130 

99931 

75199 

24801 

00069 

24870 

46 

15 

11  34  0 

0  26  0 

8.75353 

9.99930 

8.75423 

11.24577 

10.00070 

11.24647 

45 

16 

33  52 

26  8 

75575 

99929 

75646 

24355 

00071 

24426 

44 

17 

33  44 

26  16 

76795 

99929 

75867 

24133 

00071 

24206 

43 

18 

93  36 

26  24 

76016 

99928 

76087 

23913 

00072 

23986 

42 

19 

39  28 

26  32 

76234 

99927 

76306 

23694 

00073 

23766 

41 

iO 

11  93  20 

0  26  40 

8.76451 

9.99926 

8.76625 

11.23476 

10.00074 

11.23549 

40 

21 

33  12 

26  48 

76667 

99926 

76742 

23258 

00074 

23333 

39 

22 

33  4 

26  56 

76883 

99925 

76968 

23042 

00076 

23117 

38 

23 

32  5G 

27  4 

77097 

99924 

77173 

22827 

00076 

22903 

37 

24 

32  48 

27  12 

77310 

99923 

77387 

22613 

00077 

22690 

36 

25 

11  32  40 

0  27  20 

8.77622 

9.99923 

8.77600 

11.22400 

10.00077 

U. 22478 

35 

26 

32  32 

27  28 

77733 

99922 

77811 

22189 

00078 

22267 

34 

27 

32  24 

27  36 

77943 

99921 

78022 

21978 

00079 

22067 

33 

28 

.  32  16 

27  44 

78162 

99920 

78232 

21768 

00080 

.  21848 

32 

29 

32  8 

27  52 

78360 

99920 

78441 

21559 

00080 

21640 

31 

90 

11  32  0 

Q  28  0 

8.78568 

9.99919 

8.78649 

11.21351 

10.00081 

11.21432 

30 

91 

31  62 

28  8 

78774 

99918 

78855 

21146 

00082 

21226 

29 

32 

31  44 

28  16 

78979 

99917 

79061 

20939 

00083 

21021 

28 

99 

31  36 

28  24 

79183 

99917 

79266 

20734 

00083 

20817 

27 

94 

31  28 

28  32 

79386 

99916 

79470 

20530 

00084 

20614 

26 

35 

11  31  20 

0  28  40 

8.79588 

9.99915 

8.79673 

11.20327 

10.00085 

11.20412 

25 

96 

31  12 

28  48 

79789 

99914 

79875 

20126 

00086 

20211 

24 

97 

31  4 

28  56 

79990 

99919 

80076 

19924 

00087 

20010 

23 

98 

30  56 

29  4 

80189 

99913 

80277 

19723 

00087 

19811 

22 

99 

30  48 

29  12 

80388 

99912 

80476 

19524 

00088 

19612 

21 

40 

11  30  40 

0  29  20 

8.80585 

9.99911 

8.80674 

11.1^326 

10.00089 

11.19415 

20 

41 

30  32 

29  28 

80782 

99910 

80872 

19128 

00090 

>19218 

19 

42 

90  24 

29  36 

80978 

99909 

81068 

18932 

00091 

19022 

18 

49 

90  16 

29  44 

81173 

99909 

^  81264 

•  18736 

00091 

18827 

17 

44 

90  8 

29  52 

81367 

99908 

81469 

18641 

00092 

18639 

16 

45 

11  30  0 

0  30  0 

8.81660 

9.99907 

8.81653 

11.18347 

10.00099 

11.18440 

15 

46 

29  62 

30  8 

81752 

99906 

81846 

18154 

00094 

18248 

14 

47 

29  44 

SO  16 

81944 

99905 

82038 

17962 

00095 

18056 

13 

48 

29  96 

90  24 

82134 

99904 

82230 

17770 

00096 

17866 

12 

49 

29  28 

30  32 

82324 

99904 

82420 

17680 

00096 

17676 

11 

50 

11  29  20 

0  SO  40 

8.82513 

9.99903 

8.82610 

11.17390 

10.00097 

11.17487 

10 

51 

29  12 

30  48 

82701 

9^902 

82799 

17201 

00098 

17299 

9 

52 

29  4 

30  56 

82888 

99901 

82987 

17013 

00099 

17112 

8 

53 

28  66 

31  4 

83075 

99900 

83175 

16825 

00100 

16925 

7 

54 

28  48 

31  12 

83261 

99899 

83361 

16639 

00101 

16739 

6 

55 

11  28  40 

0  31  20 

8.83446 

9.99898 

8.83647 

11.16453 

10.00102 

11.16654 

5 

56 

28  32 

31  28 

83630 

99898 

83732 

16268 

00102 

16370  4 

57 

28  24 

,81  36 

83813 

99897 

83916 

16084 

00109 

16187 

3 

58 

28  16 

31  44 

83996 

99896 

84100 

15900 

00104 

16004 

2 

69 

28  8 

31  52 

84177 

99895 

84282 

15718 

00105 

158*3 

1 

60 

28  0 

32  0 

84358 

99894J   84464 

15536 

00106 

15642 

0 

M  1 

Hourp.M. 

HoiirA.M. 

Co-sine. 

Sine.  Ico-Un^ 

Tangent.  Co-wcdiit 

decant  M 

99D«9». 


^~i  iJ)^.  bG 


88 


H)ega. 


TABLE  XXVn. 
Log.  Sines,  Tangents  and  Secaats. 


Degg.  175. 


M    iHourA.M.|HoarF.M.|    Sine.    [  Co^tine. !  Tmnent|Co-tMig.    Secant  jCo-secaaLj    M 


8.843d8 
846S9 
84718 
84897 
85075 


9.99894 
99893 
9989S 
99891 
99891 


.8446411 


»10.00t06 
00107 

151741  00108 
00109 

I4815|      00109 


11 


15642i  GO 
164611  69 
1628$  58 
15103;  57 

149261  56 


8. 85252 
85429 
85605 
85780 
85965 


9.99890 
99889 
^888 
99887 
99886 


8.86363 
85540 
86717 
85895 
86069 


11 


14637 
14460 
14283 
14107 
13931 


10 


.0011011 

00111 

00112 

00113 

00114 


14748.  65 
14571,  64 
143961  63 
142201  62 
14046  61 


11  26  40 
26  32' 

26  24| 
2^  16 
26  8 


0  33  20 
33  28 
83  36 
33  44 

33  52 


11 


13767 
13583 
13409 
13237 
13065 


10. 


00115 
00116 
00117 
00118 
00119 


1.13872  60 
13699  49 
13526  48 
13366  47 
13184  46 


8.86987 
87156 
87325 
87494 
87661 


9.99880 
99879 
99879 
99878 
99877 


8.87106 
87277 
87447 
87616 
87785 


11.12894 
12723 
12553 
12384 
12215 


10.0012011.13013  46 


00121 
00121 
00122 
00123 


12844 
12675 
12506 
12339 


11  25  20 
25  12 
25  4 

24  56 
24  48 


34  40 
34  48 

34  56 
36  4 

35  12 


8.87829 
87995 
88161 
88326 
88490 


9.99876 
99875 
99874 
99873 
99872 


8.8795311.1204710.0012411.12171 
88120  11880  00125  12005 
88287  11713  00126  11839 
88453  11547  00127  11674 
88618   11382   00128   11510 


11  24  40 
24  32 
24  24 
24  16 
24  8 


0  35  20 
36  28 
S6  36 
36  44 
36  52 


8.88654 
88817 
88980 
89142 
89304 


9.99871 
99870 
99869 
99868 
99867 


8.88783 
88948 
89111 
89274 
89437 


11 


11217 
11052 

10889 
10726 
10563 


10 


0012911 

00130 

00131 

00132 

00133. 


11346  36 

11183  54 

11020  39 

1086S  32 

1069^  31 


11  24  0 
23  52 
23 
23  36 

23  28 


0  36  0 
36  8 
36  16 
36  24 

36  32 


9.99866 
99865 
99864 
99863 
99862 


8.89598 
89760 
89920 
90080 
90240 


.10402 
10240 
10080 
09920 
09760 


10 


.001^11 

00135 

00136 

00137 

00138 


10636 
10375 
10216  t8 
10067 
09898 


23  20 
23  12 
23  4 
22  66 

22  48 


0  36  40 
36  48 

36  56 
37 

37  12 


8.90260 
90417 
90574 
90730 
90885 


9.99861 
99860 
99859 
99858 
99857 


8.9039911 
90567 
90715 
90872 
91029 


.09601 
09443 
09285 
09128 
08971 


10.00139 
00140 
00141 
00142 
00143 


11.09740 
09683 
09426 
09270 
09116 


11  22  40 
22  32 
22  24 
22  16 
22  8 


0  37  20 
37  28 
37  36 
37  44 
37  52 


8.91040 
91195 
91349 
91502 
91656 


9.99856 
99866 
99854 
99853 
99852 


8.91185  U 
91340 
91495 
91650 
91803 


08815 
08660 
08605 
08350 
08197 


10.00144  11 
00146 
00146 
00147 
00148 


.08960 
08806 
08651 
08498 
08345 


1  2?  0 
21  52 
21  44 
21  36 
21  28 


0  38 
88  8 
38  16 
38  24 
38  32 


8.91807 
91959 
92110 
92261 
92411 


9.99851 
99850 
99848 
99847 
99846 


8.91957 
92110 
92262 
92414 
92566 


11 


0804310 

07890 

07738 

07686 

07435 


00149 
00150 
00162 
00153 
00154 


11.08193  15 
08041  14 
07890  13 

an39 

07589 

.07439 
07290 
07141 
06993 
06846 


U  21  20 
21  12 
21  4 
20  56 
20  48 


0  38  40 
38  48 

38  56 

39  4 
39  12 


8.92561 
92710 
92859 
93007 
93154 


9.99845 
99844 
99843 
99842 
99841 


8.92716 
92866 
93016 
93165 
93313 


11. 


07284  10 

07134 

06984 

06835 

06687 


00166 
00156 
00157 
00158 
00159 


11 


I  39  20 
39  28 
39  36 
39  44 

39  52 

40  0 


8.93301 
93448 
93594 
93740 
93885 
94030 


9.99840  8.9346211.0663810 
99839  93609  06391 
99838  98756  06244 
99837  93903  06097 
99836  94049  05951 
99834J   941961   0580^ 


00160 
00161 
00162 
00163 
00164 
00166 


>5   00166 
uCo>tecwil' 


11.06699 
06652 
06406 
06260 
06II5 
06970t  0 


HouiT.M.[HoarAJi.!  i 


De^. 


Sine.  I  CQ>Un^.tTangeiiUCo-ieq5tl  Secant  i    M 


.^.v 


TABLE  XXVn.                189 

Log.  Sines,  Tangwts  and  Secants. 

5  Degs.                                          Degs.  174. 

M 

[tioiirA.M. 

Hourp.M. 

Sine. 

Co-slne. 

Tangent 

Co-tang. 

Secant. 

Co-socant 

M 

0 

11  20  0 

0  40  0 

8.94030 

9.99834 

8.94196 

11.05806 

10.00166 

11.06970 

60 

1 

19  62 

40  8 

94174 

99833 

94340 

05660 

00167 

06826 

69 

% 

19  44 

40  16 

94317 

99832 

94486 

05616 

00168 

06683 

68 

3 

19  36 

40  24 

94461 

99831 

94630 

06370 

00169 

06639 

57 

4 

]9  28 

40  82 

94603 

99830 

94773 

05227 

00170 

06397 

66 

6 

11  19  20 

0  40  40 

8.94746 

9.99829 

8.94917 

11.06083 

10.00171 

11.06254 

56 

6 

]9  12 

40  48 

94887 

99828 

96060 

04940 

00172 

06113 

54 

7 

19  4 

40  56 

95029 

99827 

96202 

04798 

00173 

04971 

53 

8 

18  56 

41  4 

95170 

99826 

96344 

04666 

00175 

04830 

62 

9 

18  48 

41  12 

95310 

99824 

96486 

04614 

00176 

04690 

61 

10 

11  18  40 

0  41  20 

8.95450 

9.99323 

8.95627 

11.04375 

10.00177 

11.04660 

60 

11 

18  32 

41  28 

96689 

99822 

96767 

00178 

04411 

49 

U 

18  24 

41  36 

95728 

99821 

96908 

04092 

00179 

04272 

48 

13 

18  16 

41  44 

96867 

99820 

96047 

03963 

00180 

04133 

47 

14 

18  8 

41  52 

96005 

99^*19 

96187 

03813 

00181 

03995 

46 

15 

11  18  0 

0  42  0 

8.96143 

9.99817 

8.96326 

11.03676 

10.00183 

11.03867 

46 

16 

17  52 

42  8 

96280 

99816 

96464 

03.636 

00184 

03720 

44 

17 

17  44 

42  16 

96417 

99816 

96602 

03398 

00185 

03683 

43 

18 

17  36 

42  24 

96653 

99814 

96739 

03261 

00180 

03447 

42 

19 

17  28 

42  32 

96689 

99813 

96877 

03123 

00187 

03311 

41 

to 

11  17  20 

042  40 

8.96826 

9.99812  8.97013 

11.02987 

10.00188 

11.03176 

40 

21 

17  12 

.  42  48 

96960 

99810 

97160 

02860 

00190 

03040 

39 

n 

17  4 

^. 

97095 

99809 

97285 

02716 

00191 

02906 

38 

23 

16  56 

97229 

99808 

97421 

02679 

00192 

02771 

37 

24 

16  48 

43  12 

97363 

99807 

97556 

02444 

00193 

02637 

36 

26 

11  16  40 

0  43  20 

8.97496 

9.99806 

8.97691 

11.02309 

10.00194 

11.02604 

35 

26. 

16  32 

43  28 

97629 

99804 

97826 

02175 

00196 

02371 

34 

27 

16  24 

.  43  36 

97762 

99803 

97969 

02041 

60197 

02238 

33 

28 

16  16 

43  44 

97894 

99802 

98092 

01908 

00198 

02106 

32 

29 

16  8 

43  52 

98026 

99801 

98225 

01776 

00199 

01974 

31 

30 

11  16  0 

044  0 

8.98167 

9.99800 

8.98358 

11.01642 

10.00200 

11.01848 

30 

31 

15  52 

44  8 

98288 

99798 

98490 

01610 

00202 

01712 

29 

32 

15  44 

44  16 

98419 

99797 

98622 

01378 

00203 

01681 

28- 

33 

15  36 

44  2^1 

98649 

99796 

98763 

01247 

00204 

01461 

27 

34 

15  28 

44  32 

98679 

99796 

98884 

01116 

00206 

01321 

26 

30 

U  15  20 

044  40 

8.98808 

9.99793 

8.99016 

11.00986 

10.00207 

11.01192 

26 

36 

15  12 

44  48 

98987 

99792 

99146 

00866 

00208 

01063 

24 

37 

16  4 

44  66 

99066 

99791 

99276 

00726 

00209 

00934 

23 

38 

14  56 

45  4 

99194 

99790 

99406 

00595 

00210 

00806 

22 

39 

14  48 

45  12 

99322 

99788 

99634 

00466 

0Q212 

00678 

21 

40 

11  14  40 

0  45  20 

8.99460 

9.99787 

8.99662 

11.00338 

10.00213 

11.00650 

20 

41 

14  32 

45  28 

99677 

99786 

99791 

00209 

00214 

00423 

19 

4S 

14  24 

45  36 

99704 

99786 

99919 

00081 

00215 

00296 

18 

43 

14  16 

45  44 

99830 

99783 

9.00046 

10.99954 

00217 

00170 

17 

44 

14  8 

45  52 

99956 

99782 

00174 

99826 

00218 

00044 

16 

46 

11  14  0 

046  0 

9.00082 

9.99781 

9.00301 

10.99699 

10.00219 

10.99918 

15 

46 

13  52 

46  8 

00207 

99780 

00427 

99673 

00220 

99793 

14 

47 

13  44 

46  16 

00332 

99778 

00653 

99447 

00222 

99668 

13 

48 

13  36 

46  24 

00466 

99777 

00679 

99321 

00223 

99644 

12 

49 

13  28 

46  32 

00681 

99776 

00806 

99195 

00224 

99419 

11 

50 

11  13  20 

0  46  40 

9.00704 

9.99775 

9.00930 

10.99070 

10.00226 

10.99296 

10 

51 

13  12 

46  48 

00828 

99773 

01056 

98946 

00227 

99172 

9 

52 

13  4 

46  56 

00951 

99772 

01179 

98821 

00228 

99049 

8 

53 

12  56 

47  4 

01074 

99771 

01303 

98697 

00229 

98926 

7 

54 

12  48 

47  12 

01196 

99769 

01427 

98673 

00231 

98804 

6 

65 

11  12  40 

0  47  20 

9.01318 

9.99768 

9.01650 

10.98460 

10.00232 

10.98682 

» 

56 

12  32 

47  28 

01440 

99767 

01673 

98327 

00233 

98660 

4  ! 

67 

12  24 

47  36 

01661 

99766 

01796 

98204 

00236 

98439 

3 

68 

12  16 

47  44 

01682 

99764 

01918 

98082 

00236 

98318 

t 

59 
60 

12  8 

47  52 

01803 

99763 

08040 

97960 

00237 

98197 

1 

12  0 

46  0 

01923 

99761 

02162 

97838 

00239 

98077 

0 

M 

Hourp.M. 

HOUTA.M. 

Co-tine. 

Sine. 

Co-tang,  tangent) 

Co-Mcant 

Secant 

M 

MDc«k 


-^DejtM 


Pegs. 


TABLE  XXVn. 

Log.  Sines,  Tangents  and  Secants. 


■^ 


Secant 


Pegs,  m. 


Hour  A.M. 


HouTP.ir. 


line. 


Co-sine. 


Tangent. 


Co-tang. 


fco-MC) 


M 


11 


12  0 
11  62 
11  44 

11  36 

11  28 


0  48 
48 
46  16 
48  24 
48  52 


9.01923 
02043 
0216S 
02283 
02402 


9.99761 
99760 
99769 
99767 
99766 


9.02162  10.97838  10.00239 
02283  9r717t  00240 
02404  97696  00241 
02626  97476  00243 
02646       97366       00244 


10.98077 
97967 
97837 
97717 
97698 


60 
69 
58 
67 
66 


11  11  20 
11  12 
11  4 
10  66 
10  48 


0  48  40 
48  48 

48  66 

49  4 
49  12 


9.02620 
02639 
02767 
02874 
02992 


9.99766 
99763 
99762 
99761 
99749 


9.02766 
02886 
03006 
03124 
03242 


10.97234 
97116 
96995 
96876 
96768 


10.00246 
00247 
00248 
00249 
00261 


10.97480 
97361 
97243 
97126 
97008 


66 
64 

63 
62 
61 


11 


10  40 
10  32 
10  24 
10  16 
10  8 


0  49  20 
49  28 
49  36 
49  44 
49  62 


9.03109 
03226 
03342 
03468 
03674 


9.99748 
99747 
99746 

.  99744 
99742 


9.03361 
03479 
03697 
03714 
03832 


10.96639 
96621 
96403 
96286 
96168 


10.00262110.96891 


00263 
00266 
00266 
00268 


60 


96774  49 


96658 
96642 
96426 


48 
47 
46 


11  10 
9 
9 
9 

9 


60 
60 
60  16 
60  24 
60  32 


9.03690 
03805 
03920 
04034 
04149 


9.99741 
99740 
99738 
99737 
99736 


9.03948 
04066 
04181 
04297 
04413 


10.96062 
96936 
96819 
95703 
96687 


10.00269 
00260 
00262 
00263 
00264 


10.96310 
96196 
96080 
96966 
96861 


45 
44 
43 
42 
41 


11 


9  20 
9  12 
9 
8  66 
8  48 


60  40 
60  48 

60  66 
61 

61  12 


.04262 
04376 
04490 
04603 
04716 


9.99734 
99733 
99731 
99730 
99728 


9.04628 
04643 
04768 
04873 
04987 


10.96472 
96367 
96242 
96127 
95013 


10.00266 
00267 
00269 
009V0 
00272 


10.95738 
96624 
96610 
96397 
96S86 


40 
39 
38 
37 
36 


11 


8  40 
8  32 
8  24 
8  16 
8  8 


0  61  20 
61  28 
61  36 
61  44 
61  62 


9.04828 
04940 
06052 
06164 
06275 


9.99727 

.  .99726 

99724 

99723 

99721 


9.05101 
06214 
06328 
06441 
05663 


10.94899 
94786 
94672 
94559 
94447 


10.00273 
00274 
00276 
00277 
00279 


10.96172 
96060 
94948 
94836 
94726 


36 
34 
S3 

32 
31 


LI 


0  62 
62  8 
62  16 
62  24 
62  32 


9.05386 
05497 
05607 
05717 
05827 


9.99720 
99718 
99717 
99716 
99714 


,9.06666 
06778 
06890 
06002 
06113 


10.94334 10.00280 10.94614 
94222  00282  94503 
94110  00283  .  94393 
93998  00284  94283 
93887   00286   94173 


30 
29 
28 
27 
26 


U 


0  52  40 

52  48 

62  56 

53  4 

63  12 


9.06937 
06046 
06156 
06264 
06372 


9.99713 
99711 
99710 
99708 
99707 


9.0622410.93776 
93665 
93566 
93444 
93334 


06335 
06445 
06556 
06666 


10.00287 
00289 
00290 
00292 
00293 


10.94063 
93954 
93846 
93736 
93628 


26 
24 

23 
32 
21- 


11 


6  40 
6  32 
6  24 
6  16 
6  8 


0  63  20 
53  28 
53  36 
53  44 
53  52 


9.06481 
06589 
06G96 
06804 
06911 


9.99705 
99704 
99702 
99701 
99699 


9.06776 
06885 
06994 
07103 
07211 


10.93226 
93116 
93006 
92897 
92789 


10.00295 
00296 
00298 
00299 
00301 


10.93619 
93411 
93304 
93196 
930S9 


20 
19 
18 
17 
16 


11 


6  0 
6  62 
6  44 
6  36 
5  28 


0  54 
64 
64  16 
54  24 
64  32 


9.07018 
07124 
07231 
07337 
07442 


9.99698 
99696 
99695 
99693 
99692 


9.07320 
07428 
07536 
07643 
07751 


10.92680 
92572 
92464 
92357 
92249 


10.00302 
00304 
00306 
00307 
00308 


10.92982 
92876 
92769 
92663 
92668 


15 
14 

13 
12 
11 


11 


6  20 
6  12 
6  4 
4  66 
4  48 


0  64  40 
64  48 

64  66 

65  4 
65  12 


9.07548 
07653 
07758 
07863 
07968 


9.99690 
99689 
99687 
99686 
99684 


9.07868 
07964 
08071 
08177 
08283 


10.92142 
92036 
91929 
91823 
91717 


10.0031010 
00311 
00313 
00314 
00316 


.92462 
92347 
92242 
92137 
92032 


10 

9 
8 

7 
6 


11 


4  40 

4  32 

4  161 


0  66  20 
55  28 
66  36 
66  44 
66  62 
66  0 


9.08072 
08176 
08280 
08383 
084861 
086891 


9.99683 
99681 
99680 
99678 
99677 
99676 


9.08389 
08496 
08600 
08706 
08810 
08914 


10.91611 
91605 
91400 
91295 
91190 
91086 


10.00317 
00319 
00320 
00822 
00323 
00326 


10.919^ 
91824 
91720 
91617 
91614 
91411 
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7Dey. 


Loff.  Sines,  Tangents  and  Secants. 

Pegs.  172. 

.«.[   Sine.    |Co-8ine.  |TMigent.|  Co-tang- 1  Secant  |C<HiecaDt|    M    | 


M 


HoorA.ifa|HoarF. 


11 


4  0 

9  53 
3  44 
3  36 
3 


11 


3  ^ 
3  IS 
3  4 
2  66 

S  48 


0  56 
56 
66 
56 

0  66 
56 
66 
57 
57 


d. 08589 
08692 
08795 
08897 
08999 


.09101 
09202 
09304 
09405 
09506 


9.99675 
99674 
99672 
99670 
99669 


9.99667 
99666 
99664 
99663 
99661 


9.06914(10.91086 


09019 
09123 
09227 
09330 


9.09434 
09537 
09640 
09742 
09845 


90981 
90877 
90773 
90670 


10.0032510.91411 
003261   91308 


10 


9056610 

90463 

90360 

90258 

90155 


00328 
00330 
00331 


0033310 

00334 

00336 

00837 

00339 


91205 
91103 
91001 


90899 
90798 
90696 
90595 
90494 


11 


2  40  0  57 
2  32,  57 
2  24*  67 
2  16(  57 
2  8   57 


.09606 
09707 
09807 
09907 
10006 


9.99659 
99658 
99656 
99655 
99653 


9.09947 
10049 
0150 
0252 
0353 


10 


!9S05310. 

89951 

89850 

89748 

89647 


00341 
00342 
00344 
00345 
00347 


10 


90394  50 
90293  49 


90193 


48 


90093  47 


89994 


46 


11 


2  0  0  Q8 

1  52  58 

1  44  66 

1  36  68 


1  28 


0 

8 

16 

24 


58  32 


.10106 
10205 
10304 
10402 
J0501 


9.99651 
99650 
99648 
99647 
99646 


9. 


046410. 

0555 

0656 

0756 

0856 


89646 
89445 
89344 
89244 
89144 


10.00349 
00350 
00352 
00353 
00355 


10.89894 
89795 
89696 
89598 
89499 


45 
44 

43 
42 
41 


20 
21 
22 
23 

24 


11 


1  20 
1  12 
1  4 
0  66 
0  48 


0  68 
68 
68 
69 
69 


40  9 
48 
56 
4 
12 


10599 
10697 
10795 
10893 
10990 


9.99643 
99642 
99640 
99638 
99637 


9. 


0956 
1056 
1155 
1254 
1353 


10. 89044|10. 00357 
00358 
00360 
00362 
00363 


88944 
88845 
88746 
88647 


10.89401 
89303 
89205 
89107 
89010 


40 
39 
38 
37 
36 


26 
26 
27 
28 

29 


11 


0  40)  0  59  20 
0  32   69  28 


0  24 
0  16 
0  8 


69  36 
69 
69  52 


9.11087 
11184 
11281 
11377 
11474 


9.99635 
99633 
99632 
99630 
99629 


1452 
1551 
1649 
1747 
1845 


10.88548 
88449 
88351 
88253 
88155 


10.00365 
00367 
00368 
00370 
00371 


10.88913 
88816 
88719 
88623 
88526 


35 

^ 
33 
32 
31 


30 
31 
32 
33 
34 


11  0 
10  69  52 
59  44 

59  36 
59  28 


0 
0  8 
0  16 
0  24 
0  32 


9.11670 
11666 
11761 
11857 
11962 


9.99627 
99626 
99624 
99622 
99620 


1943 
2040 
2138 
2235 
2332 


10.8806710.00373 
00375 
00376 
00378 
00380 


10. 


87960 
87862 
87765 


87668 


88430 
88334 
88239 
88143 
88048 


30 
29 
28 
27 
26 


10  59  20 
69  12 
69  4 
58  56 
58  48 


0  40 
0  48 

0  56 

1  4 
1  12 


.12047 
12142 
12236 
12331 
12425 


9.99618 
99617 
99615 
99613 
99612 


2428 
2625 
2621 
2717 
2813 


10.87572 
87476 
87379 
87283 
87187 


10.00382 
00383 
00385 
00387 
00388 


10. 


87963 
87858 


25 
24 


87764  23 


87669 
87576 


22 
21 


40 
41 
42 
43 
44 


10  66  40 
58  32 
68  24 
68  16 
68  8 


1 
1 

1  36 
1  44 
1  52 


.12619 
12612 
12706 
12799 
12892 


9.99610 
99608 
99607 
99605 
99603 


9. 


2909 
3004 
3099 
3194 
13289 


10.87091 
86996 
86901 
86806 
86711 


10.0039010.87481 
87388 
87294 
87201 
87108 


00392 
00393 
00395 
00397 


20 
19 
18 
17 
16 


46 

46 
47 
48 


10  58  0 
67  52 
57  44 
67  36 
67  28 


S 

£ 
2  16 
2  24 
2  32 


.12986 
13078 
13171 
13263 
13855 


9.99601 
99600 
99598 
99596 
99595 


9. 


3384 
3478 
3573 
3667 
3761 


10.8661610.00399 
00400 


86522 
86427 
86333 
86239 


00402 
00404 
00405 


10.87015 
86922 
86829 
86737 
86645 


60 
61 
62 
63 
64 


10  67 
67 
67 
66 
66 


2  40 
2  48 

2  56 

3  4 
3  12 


9.13447 
13639 
13630 
13722 
13813 


9.99693 
99591 
99589 
99588 
99586 


386410.86146 
86052 
86959 
86866 
85773 


3948 
4041 
4134 

4227 


10.00407 
00409 
00411 
00412 
M^il4 


10.86653 
86461 
86370 
86278 
86187 


66 
56 
67 
68 
69 
60 


10  56 
66 
66 
66 
56 
66 


M   tHourp.1 
97  Degs. 


3  20 
3  28 
3  36 
3  44 

3  52 

4  0 


.13904 
13994 
14085 
14175 
14266 
143561 


9.99584 
99582 
99581 
99679 
99577 
99575 


432010.8668010.00416 
4412  86588  00418 
4504  86496  00419 
4597  85403  00421 
4688  86312  00433 
4780   85220   00426 


10.86096 
86006 
85915 
86826 
86734 
86644 
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Log.  Sines,  Tangents  and  Secants. 

SDeffi. 

Deg^m, 

M  iHOHfA-M. 

HoilTP.M. 

Sine.  1 

Co- line. 

Tangent. 

Co-Cang. 

Secant  tCo-fecant 

M 

0 

10  66  0 

1  4  0 

9.14366 

9.99675 

9.14780 

10.85220 

10.00425 

10.866441 

60 

1 

66  62 

4  8 

14446 

99674 

14872 

85128 

00426 

86655 

69 

S 

66  44 

4  16 

14535 

99672 

14963 

86037 

00428 

85465 

58 

3 

66  36 

4  24 

14624 

99570 

16064 

84946 

00430 

85376 

57 

4 

66  28 

4  32 

14714 

99568 

16145 

84855 

00432 

86286 

66 

6 

10  66  20 

1  4  40 

9.1480S 

9.99666 

9.16S36 

10.84764 

10.00434 

10.^5197 

55 

6 

66  12 

4  48 

14891 

99566 

15327 

84673 

00435 

86109 

64 

7 

66  4 

466 

14980 

99563 

16417 

84583 

00437 

86020 

63 

8 

64  66 

6  4 

16069 

99561 

16608 

84492 

00439 

84931 

62 

9 

64  48 

6  12 

16157 

99569 

16698 

84402 

00441 

84843 

61 

10 

10  64  40 

1  6  20 

9.16946 

9.99667 

9.15688 

10.84312 

10.00443 

10.84756 

50 

11 

64  32 

6  28 

16333 

99556 

15777 

84223 

00444 

84667 

49 

12 

64  24 

6  36 

16421 

99564 

16867 

84133 

00446 

64679 

48 

IS 

64  16 

6  44 

16508 

99562 

16956 

84044 

00448 

84492 

47 

14 

64  8 

6  62 

16696 

99660 

16046 

83954 

00450 

84404 

46 

Id 

10  64  0 

1  6  0 

9.15683 

9.99648 

9.16135 

10.83866 

10.00452 

10.84317 

46 

16 

63  62 

6  8 

16770 

99546 

16224 

83776 

00454 

84230 

44 

17 

63  44 

6  16 

16857 

99646 

16311^ 

83688 

00455 

84143 

43 

18 

63  36 

6  24 

15944 

99543 

16401 

83599 

00457 

84056 

42 

19 

63  28 

6  32 

16030 

99641 

16489 

83611 

00459 

839701  41  1  1 

;» 

10  63  20 

1  6  40 

9.16116 

9.99539 

9.16677 

10.834SS 

10.00461 

10.83884 

40 

.  ti 

63  IS 

6  48 

16203 

99637 

16665 

00463 

83797 

39 

t2 

63  4 

6  56 

16289 

99636 

16759 

83247 

00466 

83711 

38 

ftS 

62  66 

7  4 

16374 

99533 

16841 

83169 

00467 

83626 

37 

u 

62  48 

7  12 

16460 

99532 

16928 

83072 

00468 

83540 

36 

t6 

10  62  40 

1  7  20 

9.16646 

9.99530 

9.17016 

10.82984 

10.00470 

10.83456 

35 

26 

62  32 

7  28 

16631 

99528 

17103 

82897 

00472 

83369 

34 

27 

62  24 

7  36 

16716 

99526 

17190 

82810 

00474 

83284 

33- 

28 

62  16 

7  44 

16801 

99524 

17277 

82723 

00476 

83199 

32 

29 

62  8 

7  62 

16886 

99622 

17363 

82637 

00478 

83114 

31 

30 

10  62  0 

1  8  0 

9.16970 

9.99620 

9.17460 

10.82560 

10.00480 

10.83030 

30 

31 

51  62 

8  8 

17065 

99618 

17636 

82464 

00482 

82946 

29 

32 

61  44 

8  16 

17139 

99617 

17622 

82378 

00483 

82861 

28 

S3 

61  36 

8  24 

17223 

99515 

17708 

82292 

00485 

82777 

27 

34 

61  28 

8  32 

17307 

99513 

17794 

82206 

00487 

82693 

96 

36- 

10  61  20 

1  8  40 

9.17391 

9.99511 

9.17880 

10.82120 

10.00489 

10.82609 

25 

36 

61  12 

848 

17474 

99S09 

17965 

82035 

00491 

82526 

24 

37 

61  4 

8  66 

17668 

99507 

18061 

81949 

00493 

82442 

23 

38 

60  66 

.  9  4 

17641 

99505 

18136 

81864 

00496 

82359 

22 

39 

•  60  48 

9  12 

17724 

99503 

18221 

81779 

00497 

82276 

21 

40 

10  50  40 

1  9  20 

9.17807 

9.99501 

9.18306 

10.81694 

10.00499 

10.82193 

90 

41 

60  32 

9  28 

17890 

99499 

18391 

81609 

00501 

82110 

19 

42 

60  24 

9  36 

17973 

99497 

18476 

81625 

00603 

82027 

18 

43 

60  16 

9  44 

18056 

99496 

18660 

81440 

00605 

81946 

17 

44 

60  8 

9  62 

18137 

99494 

81356^ 

00506 

81863 

16 

46 

10  60  0 

1  10  0 

9.18220 

9.99492 

9.18728 

10.81272 

10.00608 

10.81780 

16 

46 

49  62 

10  8 

18302 

99490 

18812 

81188 

00510 

81698 

14 

47 

49  44 

10  16 

18383 

99488 

18896 

81104 

00612 

81617 

13 

48 

49  36 

10  24 

18465 

99486 

18979 

81021 

00614 

81636 

19 

49 

49  28 

10  32 

18647 

99484 

19063 

80937 

00616 

81463 

11 

60 

10  49  20 

1  10  40 

9.186S8 

9.99462 

9.19146 

10.80864 

10.00618 

10.8137S 

10 

61 

49  12 

10  48 

18709 

99480 

19229 

80771 

00620 

81291 

9 

62 

49  4 

10  66 

18790 

99478 

19312 

80688 

00622 

81210 

8 

63 

48  66 

11  4 

u  18871 

99476 

19395 

80606 

00624 

81129 

7 

64 

48  48 

U.  12 

18952 

99474 

19478 

80622 

00626 

^>^  '    1  1 

66 

10  48  40 

1  n  20 

9.19033 

9.99472 

9.19561 

10.80439 

10.00528 

10.809«T^^ 

6 

66 

48  32 

11  28 

19113 

99470 

19643 

80357 

00630 

80887 

4 

67 

48  24 

11  36 

19193 

99468 

19725 

80276 

00532 

80807 

3 

68 

48  16 

11  44 

19273 

99466 

19807 

80193 

00534 

80727 

9 

69 

48  8 

11  52 

19353 

99464 

19889 

80111 

00536 

80647.  1  1 

60 

48  0 

12  0 

19433 

99462 

19971 

,   800291   00538 

803671  0  1 

M 

Hourp.ii. 

HoiirA.ii. 

Co-siae. 

Sine. 

Co-tang. 

Tangent^Co-Mcanl 

Secant   M  1 

SSDcg*. 


fl- 
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Log.  Sines,  Tangents  and  Secants. 

9Degs. 

Degi,  170. 

M 

HouTA-ic.  Hourp.M.I  Sine.  {  Co-3ine.  [Tangent.  { Co-tang.|  Secant.  | 

Co-secant 

M 

0 

10  48  0 

1  12  0  9.19433 

9.99462 

9.19971 

10.8002910.005381 
79947   00640' 

10.80567 

60 

1 

47  52 

12  8   19513 

99460 

20053 

80487 

59 

2 

47  44 

12  16 

19592 

99468 

20134 

79866 

00642 

80408 

58 

3. 

47  36 

12  24 

19672 

99456 

20216 

79784 

00544 

80328 

67 

4 

47  28 

12  32 

19751 

99454 

20297 

79708 

00546 

80249 

56 

6 

10  47  20 

1  12  40 

9.19830 

9.99452 

9.20378 

10.79622 

10.00548 

10.80170 

56 

6 

47  12 

12  48 

19909 

51^450 

20459 

79541 

00550 

80091 

64 

7 

47  4 

12  66 

19988 

99448 

20640 

79460 

00562 

80dl2 

53 

8 

46  66 

13  4 

20067 

99446 

20621 

79379 

00654 

79938 

52 

9 

46  48 

13  12 

20145 

99444 

20701 

79299 

00656 

79865 

51 

10 

10  46  40 

t   13  20 

9.20223 

9.99442 

9.20782 

10.79218 

10.00558 

10.79777 

50 

11 

46  32 

13  28 

20302 

99440 

20862 

79138 

00660 

7969C 

49 

12 

46  24 

13  36 

20380 

99438 

20942 

79058 

00662 

79620 

48 

13 

46  16 

13  44 

20458 

99436 

21022 

78978 

00564 

79542 

47 

14 

46  8 

13  52 

20635 

99434 

21102 

78898 

00566 

79465 

46 

15 

10  46  0 

1  14  0 

9.20613 

9.99432 

9.21182 

10.78818 

10.00668 

10.79387 

45 

16 

46  62 

14  8 

20691 

99429 

21261 

/  78739 

00671 

79309 

44 

17 

46  44 

14  16 

20768 

99427 

21341 

78659 

00673 

79232 

43 

18 

.45  36 

14  24 

20846 

99426 

21420 

78680 

00676 

79156 

42 

19 

46  28 

14  32 

20922 

99423 

21499 

78601 

00577 

79078 

41 

20 

10  46  20 

1  14  40 

9.20999 

9.99421 

9.2167JB 

10.78422 

10.00579 

10.79001 

40 

21 

.  46  12 

14  48 

21076 

99419 

21667 

78343 

00681 

78924 

39 

22 

46  4 

14  56 

21153 

99417 

21736 

78264 

00583 

78847 

38 

23 

44  56 

16  4 

21229 

99415 

21814   78186 

00686 

78771 

37 

24 

44  48 

16  12 

21306 

99413 

21893 

78107 

00687 

78694 

36 

26 

to  44  40 

1  16  20 

9.21382 

9.99411 

9.21971 

10.78029 

10.00589 

10.78618 

36 

26 

44  32 

16  28 

21468 

99409 

22049 

77961 

00691 

78642 

34 

27 

44  24 

16  36 

21634 

99407 

22127 

77873 

00593 

78466 

33 

28 

44  16 

16  44 

21610 

99404 

22205 

77796 

00696 

78390 

32 

29 

44  8 

15  52 

21685 

99402 

22283 

77717 

00598 

78315 

31 

30 

10  44  0 

1  16  0 

9.21761 

9.99400 

9.22361 

10.77639 

10.00600 

10.78239 

30 

31 

43  62 

16  8 

21836 

99398 

22438 

77662 

00602 

78164 

29 

32 

43  44 

16  16 

21912 

99396 

22516 

77484 

00604 

78088 

28 

33 

43  36 

16  24 

21987 

99394 

22593 

77407 

00606 

78013 

27 

34 

43  28 

16  32 

22062 

99392 

22670 

77330 

00608 

77938 

26 

35 

10  43  20 

1  16  40 

9.22137 

9.99390 

9.22747 

10.77263 

10.00610 

10.77863 

26 

36 

43  12 

16  48 

22211 

99388 

22824 

77176 

00612 

77789 

24 

87 

43  4 

16  66 

22286 

99386 

22901 

77099 

00616 

77714 

23 

38 

42  66 

17  4 

22361 

99383 

22977 

77023 

00617 

77639 

22 

39 

42  48 

IT  12 

22435 

99381 

23064 

76946 

00619 

^77566 

21 

40 

10  42  40 

1  17  20 

9.22509 

9.99379 

9.23130 

10.76870 

10.00621 

10.77491 

20 

41 

42  32 

17  28 

22683 

99377 

23206 

76794 

00623 

77417 

19 

'  42 

.  42  24 

17  36 

.22667 

99376 

23283 

76717 

00626 

77343 

18 

43 

42  16 

17  44 

22731 

99372 

23369 

76641 

00628 

77269 

17 

44 

42  8 

17  52 

22806 

99370 

23436 

76666 

00630 

77196 

16 

46 

10  42  0 

1  18  0 

9.22878 

9.99368 

9.23610 

10.76490 

10.00632 

10.77122 

16 

46 

41  62 

18  8 

22952 

99366 

23686 

76414 

00634 

77048 

14 

47 

41  44 

18  1^ 

23025 

99364 

23661 

76339 

00636 

76976 

13 

48 

41  36 

18  24 

23098 

99362 

23737 

76263 

00638 

76902 

12 

49 

41  28 

18  32 

23171 

99359 

23812 

76188 

00641 

76829 

11 

60 

10  41  20 

1  18  40 

9.23244 

9.99367 

9.28887 

10.76113 

10.00643 

10.76766 

10 

61 

41  12 

18  48 

23317 

99366 

23962 

76038 

00645 

76683 

9 

62 

41  4 

18  66 

23390 

99363 

24037 

7696^ 

00647 

76610 

8 

63 

40  56 

19  4 

23462 

99351 

24112 

76888 

00649 

76638 

7 

64 

40  48 

19  12 

23635 

99348 

M186 

76814 

00662 

76465 

6 

66 

10  40  40 

1  19  20 

9.23607 

9.99346 

9.24261 

10.76739 

10.00664 

10.76393 

6 

66 

40  32 

19  28 

23679 

99344 

24336 

76666 

00656 

76321 

4 

67 

40  24 

19  36 

23762 

99342 

24410 

76690 

00668 

76248 

3 

68 

40  16 

19  44 

23823 

99340 

24484 

76616 

00660 

76177 

2 

69 

40  8 

19  62 

23896 

99337 

24668 

76442 

00663 

76106 

1 

60 

40  0 

20  0 

23967 

99336 

24632 

76368 

00666 

76033 

0 

M 
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94                TABLE  XXVtt. 

i 

Log.  Sines,  Tangents  and  Secants. 

1 

10  Deg8.                                         Deg».  169. 

1 

M  iHourA.ii.lHoarp.ii. 

Sine. 

Co- sine. 

Tangent.)  Co-tang.| 

Secant  Co-wscant 

M 

1 

0 

10  40  Oi  1  20  0 

9.23967 

9.99335 

9.24632 

10.76368 

10.00665 

10.760331 

60 

1 

39  52 

20  8i 

24039 

99333 

24706 

75294 

00667 

75961 

59 

1 

2 

39  44 

20  16 

24110 

99331 

24779 

75221 

00669 

75690 

68 

3 

39  36 

20  24 

24)81 

99328 

24853 

76147 

•00672 

75819 

57 

4 

39  28 

20  32 

24253 

99326 

24926 

76074 

00674 

75747 

56 

6 

10  39  20 

1  20  40 

9.24324 

9.99324 

9.25000 

10.75000 

10.00676 

10.7567^ 

55 

6 

39  12 

20  48 

24395 

99322 

25073 

74927 

00678 

75605 

54 

7 

89  4 

20  56 

24466 

99319 

25146 

74854 

00681 

75584 

58 

8 

38  56 

21  4 

24536 

99317 

25219 

74781 

00683 

75464 

52 

9 

38  48 

21  12 

24607 

99315 

25292 

74708 

00685 

75893 

51 

10 

10  38  40 

1  21  20 

9.24677 

9.99313 

9.25365 

10.74635 

10.00687 

10.75328 

50 

11 

38  32 

21  28 

24748 

99310 

25437 

74663 

00690 

75252 

49 

12 

38  24 

21  36 

24818 

99308 

26510 

74490 

00692 

75182 

48 

13 

38  16 

21  44 

24888 

99306 

26582 

74418 

00694 

75112 

47 

14 

38  8 

21  52 

24958 

99304 

25665 

74345 

00696 

75042 

46 

15 

10  38  0 

1  22  0 

9.25028 

9.99301 

9.25727 

10.74273 

10.00699 

10.74912 

45 

16 

37  52 

22  8 

2509& 

99299 

26799 

74201 

00701 

74902 

44 

17 

37  44 

22  16 

25168 

99297 

25871 

74129 

00703 

74882 

43 

18 

37  36 

22  24 

25237 

99294 

25943 

74057 

00706 

74768 

4« 

19 

37  28 

22  32 

25307 

99292 

26015 

73985 

00708 

74693 

41 

20 

10  37  20 

1  22  40 

9.25376 

9.26086 

10.73914 

10.00710 

10.74624 

40 

21 

37  12 

22  48 

2^^445 

99288 

26158 

73842 

00712 

74555 

89 

22 

37  4 

22  66 

25514 

99285 

26229 

73771 

00715 

74486 

88 

23 

36  56 

23  4 

25583 

99283 

26301 

73699 

00717 

74417 

87 

24 

36  48 

23  12 

25652 

99281 

26372 

73628 

00719 

74348 

86 

25 

10  36  40 

1  23  20 

9.25721 

9.99278 

9.26443 

10.78657 

10.00722 

10.74279 

85 

26 

36  32 

23  28 

25790 

99276 

26514 

73486 

00724 

74210 

84 

27 

36  24 

23  36 

25858 

99274 

26585 

73416 

00726 

74142 

» 

28 

36  16 

23  44 

25927 

99271 

26655 

73345 

00729 

74073 

82 

29 

36  8 

23  52 

25995 

99269 

26726 

73274 

00731 

74005 

31 

30 

10  36  0 

1  24  0 

9.26063 

9.99267 

9.26797 

10.73203 

10.00733 

10.78937 

80 

31 

35  52 

24  8 

26131 

99264 

26867 

J3133 
73063 

00736 

73869 

29 

32 

35  44 

24  16 

26199 

99262 

26937 

00738 

78801 

28 

33 

35  36 

24  24 

26267 

99260 

27008 

72992 

00740 

78783 

27 

34 

35  28 

24  32 

26336 

99257 

27078 

72922 

00743 

73665 

96 

36 

10  35  20 

1  24  40 

9.26403 

9.99256 

9.27148 

10.72852 

10.00745 

10.78597 

25 

36 

35  12 

24  48 

26470 

99252 

27218 

72782 

00748 

78580 

24 

37 

35  4 

24  56 

26538 

99250 

27288 

72712 

00760 

78462 

23 

38 

34  66 

25  4 

26605 

99248 

27357 

72643 

00762 

78895 

22 

39 

34  48 

25  12 

26672 

99245 

27427 

72573 

00755 

73328 

SI 

40 

10  34  40 

1  25  20 

9.26739 

9.99243 

9.27496 

10.72504 

10.00757 

10.73261 

20 

41 

34  32 

25  28 

26806 

99241 

27566 

72434 

00759 

73194 

19 

42 

34  24 

25  36 

26873 

99238 

27635 

72365 

00762 

73127 

IS 

43 

34  16 

25  44 

26940 

99236 

27704 

72296 

00764 

78060 

17 

44 

34  8 

25  52 

27007 

99233 

27773 

00767 

72998 

16 

45 

10  34  0 

1  26  0 

9.27073 

9.99231 

9.27842 

1  1 
10.72158 

10.00769 

10.72927 

15 

46 

33  52 

26  8 

27140 

99229 

27911 

72089 

00771 

72860 

14 

47 

33  44 

26  16 

27206 

99226 

27680 

72020 

00774 

72794 

IS 

48 

33  36 

26  24 

272W 

99224 

28049 

71951 

00776 

72727 

IS 

49 

33  28 

26  32 

27339 

99221 

28117 

71883 

00779 

72661 

II 

50 

10  33  20 

1  26  40 

9.2740S 

9.99119 

9.28186 

10.7t814 

10.00781 

10.72595 

10 

51 

33  12 

26  48 

27471 

99217 

28254 

71746 

00783 

72529 

9 

52 

33  4 

26  56 

27537 

99214 

28323 

71677 

00786 

72463 

8 

53 

32  56 

27  4 

27602 

99212 

28391 

71609 

00788 

72398 

7 

54 

32  48 

2T-12 

27668 

99109 

28459 

71541 

00791 

72382 

6 

65 

10  32  40 

1  27  20 

9.27734 

9.99207 

9.28527 

10.7147S 

10.00793 

10.72266 

6 

56 

32  32 

27  28 

27799 

99204 

23595 

71405 

00796 

72201 

4 

57 

32  24 

27  36 

*7864 

99202 

'  28662 

71838 

00798 

72186 

8 

58 

32  16 

27  44 

27930 

99200 

28730 

71270 

00800 

720701 

2 

59 

32  8 

27  52 

27995 

99197 

28798 

71202 

00808 

72005J  1  1 

60 

32  0|   28  Oj 

28060 

99195 

28865 

71135 

00805 

71940  0  j 
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TABLE  XXVU. 

Log.  Sines,  Tangents  and  Secants. 


IS 


Sine. 


Co-sine. 


Secant 


Peg.  168. 


Co-M^nli   M 


M 


HOUFA.M. 


Jourp.M 


Tangent 


Co4a|ig. 


10  32  i} 
51  dft 
31 
31  36 
31  28 


28 
'28 
28  16 
28  24 
28  32 


9.28060 
28125 
28100 
28254 
28319 


9.99195 
99192 
99190 
99187 
99185 


9.28865 
28933 
29000 
29067 
29134 


10.71135 
71067 
71000 
70933 
70866 


10.00805 
00808 
00810 
00813 
00815 


10.71940 
71875 
71810 
71746 
71681 


60 
59 
58 
57 
66 


10  31  20 
31  12 
31  4 

30  56 
80  48 


1  28  40 
28  48 

28  56 

29  4 
29  12 


.28384 
28448 
28512 
28577 
28641 


9.99182 
99180 
99177 
99176 
99172 


9.29201 
29268 
29335 
29402 
29468 


10.70799|l0.00ei8 
00820 
00823 
00825 
00828 


70732 
70665 
70598 
70532 


10.71616 
71552 
71488 
71423 
71359 


55 
54 
53 
52 
51 


10 
11 
12 
13 
14 


10  30  40 
30  32 
30  24 
30  16 
30  8 


1  29  20"  9.28705 


29  28« 
29  36 
29  44 
29  62 


28769 
28833 
28896 
28960 


9.99170 
99167 

1  99165 
99162 
99160 


9.29685 
29601 
29668 
29734 
29800 


10.70465110.00830 
00833 
00835 
00838 
00840 


70399 
70332 
70266 
70200 


10.71295 
71231 
71167 
71104 
71040 


50 
49 
48 
47 
46 


10  30  0 
29  52 
29  44 
29  36 
29  28 


1  30 
30 
SO  16 
30  t4 
30  32 


9.29024 
29087 
29150 
29214 
29277 


.99157 
99155 
99152 
99150 
99147 


9.29866 
29932 
29998 
30064 
30130 


10.70134 
70068 
70002 
69936 
69870 


10.00843 
00845 
00848 
00850 
00853 


10.70976 
70913 
70850 
70786 
70723 


45 
44 

43 
42 

1^ 
40 
39 
38 
37 
36 


20 
21 

22 
23 
24 


10  29  20 
29  12 
29  4 
28  56 
28  48 


1  30  40 
30  48 

30  56 

31  4 
31  12 


9.29340 
29403 
29466 
29529 
29591 


9.99145 
99142 
99140 
99137 
99135 


9.30195 
30261 
30326 
30391 
30457 


10.69805 
69739 
69674 
69609 
69543 


10.00855 
00858 
00860 
00863 
00865 


10.70660 
70597 
70534 
70471 
70409 


25 
26 
t7 
28 
29 


10  28  40 
28  32 
28  24 
28  16 
28  8 


1  31  20 
31  28 
31  36 
31  44 
31  52 


9.29654 
29716 
29779 
29841 
29903 


9.99132 
99130 
99127 
99124 
99122 


9.30522 
30587 
30652 
30717 
30782 


10.69478 
69413 
69348 
69283 
69218 


10.00868 
00870 
00873 
00876 
00878 


10.70346 
70284 
70221' 
70159 
70097 


35 
34 
33 
32 
31 


90 
31 
32 
33 
54 


10  28  0 
27  52 
27  44 

27  36 
27  28 


1  32 
32 
32  16 
32  24 
32  32 


9.29966 
30028 
30090 
30151 
30213 


9.99119 
99117 
99114 
99112 
99109 


9.30846 
30911 
30975 
31040 
31104 


10 


69154 
69089 
69025 
68960 
68896 


10 


.00881 
00883 
00886 
00888 
00891 


10, 


70034 
69972 
69910 
69849 
69787 


30 
29 
28 
27 
26 


55 
36 
37 
58 
39 


10  27  20 
27  12 
27  4 
26  56 
26  48 


32.40 
32  48 

32  56 
53  4 

33  12 


9.30276 
30356 
50598 
50459 
50521 


9.99106 
99104 
99101 
99099 
99096 


9.51168 
51255 
51297 
51561 
51425 


10, 


68832 
68767 
68705 
68659 
68575 


10 


00894 
00896 
00899 
00901 
00904 


10 


69725 
69664 
69602 
69541 
69479 


25 
24 
25 
22 
21 


40 
41 
43 
45 
44 


10  26  40 
26  52 
26  24 
26  16 
26 


45 
46 
47 
48 
49 


10  26  0 
25  62 
25  44 
25  36 
25  28 


33  20 
33  28 
55  36 
35  44 

35  52 

0 
8 


1  54 
54 
54  16 
54  24 
54  32 


9.30582 
50645 
50704 
50766 
50826 

9.50887 
50947 
51008 
51068 
51129 


9.99095 
99091 


99086 
99085 

9.99080 
99078 
99075 
99072 
99070 


9.51489 
51652 
51616 
51679 
51745 

9.51806 
51870 
81955 
51996 
52069 


10.6851ltl0.00907 
00909 
00919 
00914 
00917 


68448 
68584 
68521 
68257 


10.69418 
69557 
69296 
69235 
69174 

10.6819dl0.00920{l0. 69115 
68150  00922  69053 
68067  00925  68992 
68004  00928  68952 
67941   00950   68871 


20 
19 
18 
17 
16 

15 
14 
15 
12 
11 


50 
61 
52 
55 
54 


10  25  30 

25  12 

26  4 
24  66 
24  48 


1  54  40 
54  48 

54  56 
35  4 

55  12 


9.51189 
51250 
51510 
51370 
51430 


9.99067 
99064 
99062 
99069 
99056 


55 
56 

57 
68 
59 
60 


10  24  40 
24  32 
24  24 
24  16 
24  8 
24  0 


35  20 
35  28 
35  36 
35  44 
35  52 
36 


9.31490 
31549 
51609 
51669 
51728 
51788 


9.99054 
99051 
99048 
99046 
99043 
99040 


9.52122 
52185 
52248 
52511 
52575 

9.33436 
32498 
32561 
32625 
52685 


10.6787810.00955 
00956 
00958 
00941 
009441 


67815 
67762 
67689 
67627 


10.68811 
68750 
68690 
68650 
68570 


10 

9 
8 

7 
6 


52747 


I0.67564|10.00946 
00949 
00953 
00954 
00957 
00960 


67602 
67459 
67577 
67515 
67253 


10.68610 
68451 
68591 
68551 
68272 
68212 


M 


Hourp.ii.l  HourA.M.'  Co-iine. 


*.ine. 


lOlDegp. 


Co-tang.tTaiigent  Co-<ecaot'  Secant.      M 
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TABLE  XXVII. 
Log.  Sines,  Tangents  and  Secants. 


Pegs.  167. 


W  HoQrA.M.iHourp.M. 


Sine. 


Co-Bine.  jTamgent. 


Co-tang.  {  Secant. 


Co-Mcant|    M 


10  24 
S3  52 
23 
23  36 
23  28 


1  36 
36  8 
36  16 
36  24 
36  32 


9.31788 
31847 
31907 
31966 
32026 


9.99040 
990381 
99035 
99032 
99030 


9.32747 
32810 
32872 
32933 
32995 


110.67253110.00960 
671901   00962 


67128 
67067 


67005   00970 


00965 
00968 


10.682121  60 
68153  59 
68093  58 
6803«  ffr 
67975^56 


10  23  20 
23  12 
23  4 
22  56 

22  48 


36  40 
36  48 

36  56 

37  4 
37  12 


9.32084 
32143 
32202 
32261 
32319 


.99027 
99024 
99022 
99019 
99016 


9.33057 
33119 
33180 
33242 
33303 


10.66943110.00973 
00976 
00978 
00981 
009841 


66881 
66820 
66758 
66697 


10 
11 
12 
13 
14 


10  22  40 
22  32 
22  24 

22  16 

22  8 


1  37  20 
37  28 
37  36 
37  44 
37  52 


9.32378 
32437 
32495 
32553 
32612 


9.99013 
99011 
99008 
99005 
99002 


9.33365 
33426 
33487 
33548 
33609 


10.66635 
66574 
66513 
66452 
66391 


10.00987 
00989 
00992 
00995 
00998 


15 
16 
17 
18 
19 


10  22  0 
21  52 
21 

21  36 
21  28 


38 
38 
38  16 
38  24 
38  32 


9.32670 
32728 
32786 
32844 
32902 


9.99000 
98997 
98994 
98991 
98989 


9.33670 
33731 
33792 
33853 
33913 


10 


6633010. 

66269 

66208 

66147 

66087 


01000  to 

01003 

01006 

01009 

OjOl 


1.67330 
67272 
67214 
67156 


45 
44 
43 
4S 


67098  41 


20 
21 
22 
23 

24 


10  21  20 
21  12 
21  4 
20  66 
20  48 


1  38  40 
38  48 

38  56 

39  4 
39  12 


9.32960 
33018 
33075 
33133 
33190 


9.98986 
98983 
98980 
98978 
98975 


9.33974 
34034 
34095 
34155 
34215 


10 


66026 
65966 
65905 
65845 
65785 


10.01014  10 
01017 
01020 
01022 
01025 


.67040 
66982 
66925 
66867 
66810 


40 
39 
38 
37 
36 


25 
26 
27 
28 
29 


10  20  40 
20  32 
20  24 
20  16 
20  8 


1  39  20 
39  28 
39  36 
39 
39  52 


9.33248 
33305 
33362 
33420 
33477 


9.98972 
98969 
.98^67 
98964 
98961 


9.34276 
34336 
34396 
34456 
34516 


10. 


65724(10.01028 
01031 
01033 
01036 
01039 


65664 
65604 
65544 
65484 


10.66752 
66695 
66638 
66580 
66523 


35 
34 
33 
32 
31 


30 
31 
32 
S3 

84 


0  1 


10  20 
19  52 
19 
19  36 
19  28 


40 
40 
40  16 
40  24 
40  32 


35 
36 
37 
38 
39 


10  19  20 
19  12 
19  4 
18  56 
18  48 


1  40  40 
40  48 

40  56 

41  4 
41  12 


9.33534 
33591 
33647 
33704 
33761 


9.33818 
33874 
33931 
33987 
34043 


9.98958 
98956 
98953 
98950 
98947 


9.34576 
34635 
34695 
34755 
34814 


10 


,65424 
65366 
65305 
65245 
65186 


10.01042 
01045 
01047 
01050 
01053 


10.66466 
66409 
66353 
66296 
66239 


30 
29 
28 
27 
26 


9.98944 
98941 
98938 
98936 
98933 


.34874 
34933 
34992 
35051 
35111 


10 


6512610 

65067 

65008 

64949 

64889 


01056 
01069 
01062 
01064 
01067 


10.66182 
66126 
66069 
66013 
66957 


25 
24 
23 
22 

21 


40 
41 
42 
43 


10  18  40 
18  32 
18  24 
18  16 
18  8 


1  41  20 
41  28 
41  36 
41  44 
41  52 


9.34100 
34156 
34212 
34268 
34324 


9.98930 
98927 
98924 
98921 
98919 


.3517010 
35229 
35288 
35347 
35405 


6483010 

6477/ 

64712 

64653 

64595 


OlOTOllO. 66900 
65844 
66788 
65732 
65676 


01073 
01076 
01079 
01081 


20 

19 
18 
17 
16 


45 

46 
47 
48 
49 


10  18  0 
17  52 
17  44 
17  36 
17  28 


1  42 
42 
42  16 
42  24 

42  32 


9.34380 
34436 
34491 
34547 
34602 


9.98916 
98913 
98910 
98907 
98904 


9.3546410.64536 
64477 
64419 
64360 
64302 


10.0108410.66620  16 


35523 
35581 
356401 


01087 
01090 
01093 
01096 


65564 
65509 


14 
13 


66453  12 


65398 


11 


50 
51 
52 
53 
54 


10  17  20 
17  12 
17  4 
16  56 
16  48 


1  42  40 
42  48 

42  66 

43  « 
43  12 


9.34658 
34713 
34769 
34824 
34879 


9.98901 


98896 
98893 
98890 


9.35767 
35816 
36873 
35931 
35989 


10.6424310.0109910.65342    10 


64186 
64127 
64069 
64011 


01102 
01104 
01107 
OHIO 


65287 
66231 
65176 
65121 


55 
66 
57 
58 
6» 
60 


10  16  40 
16  32 
16  24 
16  16 
16  8 
16  0 


1  43  20 
43  28 
43  36 
43  44 

43  52 

44  0 


9.34934 
34989 
35044 
35099 
35154 
35209 


9.98887 
98884 
98881 
98878 
98875 
98872 


Hourp.ii, 


9.36047 
36105 
36163 
36221 
36279 
36336 


10.63953 
63895 
63837 
63779 
63721 
63664 


10.01113 
01116 
01119 
01122 
01125 
01128 


10.66066 
65011 
64956 
64901 

64846] 
64791 


"HourAJi.l Co-aine.  I    Sine.    I Co-tanfrlTanynL |c6-«ecant^  Secant  ^  M     ' 

uiyiuzi3;u  uy  ■^wJ ^cBl^pi'i^ 


TABLE  XXVII. 
Log.  Sines,  Tangents  and  Secants. 


19: 


ISDegs. 

w» 

f                   a 

Degs.  166. 

M 

HonrA.iii. 

Hourp.M.{  Sine. 

Co-sinc. 

Tangent. 

Co-tang. 

M 

0 

10  16  0 

1  44  0|  9.35209 

9.98872 

9.36336 

10.63664 

10.0112810.64791 

60 

1 

15  52 

44  8)   35263 

98869 

36394 

63606 

01131 

64737 

59 

2 

15  44 

44  16 

35318 

98867 

36452 

63548 

01133 

64682 

58 

3 

15  36 

44  24 

36373 

.  98864 

36509 

63491 

01136 

64627 

57 

4 

15  28 

44  32 

35427 

98861 

36566 

63434 

01189 

64573 

56 

5 

10  16  20 

1  44  40 

9.35481 

9.98858 

9.36624 

10.63876 

10.01142 

10.64519 

55 

6 

15  12 

44  48 

35636 

98855 

36681 

63319 

01145 

64464 

54 

7 

15  4 

44  56 

35590 

98852 

36738 

63262 

01148 

64410 

53 

8 

14  66 

45  4 

35644 

98849 

36795 

63205 

01151 

64356 

52 

9 

14  48 

45  12 

85698 

98846 

3G852 

63148 

01154 

64302 

51 

10 

10  14  40 

1  45  20 

9.35752 

9.98843 

9.86909 

10.63091 

10.01157 

10.64248 

50 

'   11 

14  32 

45  28 

35806 

98840 

36966 

63034 

01160 

64194 

49 

12 

14  24 

45  36 

35860 

98837 

37023 

62977 

01168 

64140 

48 

13 

14  16 

45  44 

35914 

9^834 

37080 

62920 

01166 

64086 

47 

14 

14  8 

45  52 

35968 

98831 

37137 

62868 

01169 

64032 

46 

15 

10  14  0 

1  46  0 

9.36022 

9.98828 

9.37193 

10.62807 

10.01172 

10.63978 

45 

16 

13  52 

46  8 

36075 

98825 

37250 

62750 

01175 

63925 

44 

17 

13  44 

46  16 

36129 

98822 

37306 

62694 

01178 

63871 

43 

18 

13  36 

46  24 

36182 

98819 

87363 

62637 

01181 

63818 

42 

19 

13  28 

46  32 

36236 

98816 

87419 

62581 

01184 

63764 

41 

SO 

10  18  20 

1  46  40 

9.36289 

9.98813 

9.37476 

10.62524 

10.01187 

10.68711 

40 

21 

18  12 

46  48 

36342 

98810 

37582 

62468 

01190 

63658 

39 

22 

13  4 

46  56 

36395 

98807 

87588 

62412 

01193 

63605 

•38 

23 

12  56 

47  4 

36449 

98804 

37644 

62356 

01196 

63551 

37 

24 

■  12  48 

47  12 

86502 

98801 

87700 

62300 

01199 

68498 

36 

25 

10  12  40 

1  47  20 

9.36555 

9.98798 

9.87756 

10.62244 

10.01202 

10.63445 

35 

26 

12  32 

47  28 

86608 

98795 

87812 

62188 

01205 

63392 

34 

•27 

12  24 

47  36 

36660 

98792 

S78C8 

62132 

01208 

63340 

33 

2a 

12  16 

47  44 

36713 

98739 

37924 

62076 

01211 

63287 

32 

29 

12  8 

47  52 

36766 

98786 

37980 

62020 

01214 

63234 

31 

30 

10  12  0 

1  48  0 

9.36849 

9.98783 

9.38035 

10.61965 

10.01217 

10.63181 

30 

31 

11  52 

48  8 

36871 

987C0 

38091 

61909 

01220 

63129 

29 

82 

11  44 

48  16 

36924 

98777 

38147 

61853 

01223 

63076 

28 

S3 

11  36 

48  24 

36976 

98774 

38202 

61798 

01226 

63024 

27 

34 

11  28 

48  32 

37028 

98771 

38257 

61743 

01229 

62972 

26 

35 

10  11  20 

1  48  40 

9.37081 

9.98768 

9.38313 

10.61687 

10.01232 

10.62919 

25 

36 

11  12 

48  48 

37133 

98765 

38368 

61632 

01235 

62867 

24 

37 

11  4 

48  56 

87186 

98762 

38423 

61677 

01238 

62815 

23 

38 

10  56 

49  4 

37237 

98759 

38479 

61521 

01241 

62763 

22 

39 

10  48 

49  12 

37289 

98756 

38534 

61466 

01244 

62711 

21 

40 

ko  10  40 

1  49  20 

9.37341 

9.98753 

9.88589 

10.61411 

10.01247 

10.62659 

20 

41 

10  32 

49  28 

37393 

98760 

38644 

61356 

01250 

62607 

19 

42 

10  24 

49  36 

37445 

98746 

88699 

61301 

01254 

62555 

18 

43 

10  16 

49  44 

37497 

98743 

88754 

61246 

01257 

62503 

17 

.44 

10  8 

49  52 

37549 

98740 

38808 

61192 

01260 

62451 

16 

45 

10  10  0 

1  50  0 

9.37600 

9.98737 

9.38863 

10.61137 

10.01263 

10.62400 

15 

46 

9  52 

50  8 

37652 

98734 

38918 

61082 

01266 

62348 

14 

47 

9  44 

50  16 

37703 

98731 

3897J 

61028 

01269 

62297 

13 

48 

9  36 

60  24 

37755 

98728 

39027 

60973 

01272 

62245 

12 

49 

9  28 

50  32 

37806 

98725 

89082 

60918 

01275 

62194 

11 

60 

10  9  20 

1  50  40 

9.37858 

9.98722 

9.39136 

10.60864 

10.01278 

10.62142 

10 

51 

9  12 

50  48 

37909 

98719 

39190 

60810 

01281 

62091 

9 

62 

9  4 

50  56 

87960 

98715 

39245 

60756 

.01285 

62040 

8 

63 

8  56 

51  4 

38011 

98712 

39299 

60701 

01288 

61989 

7 

M 

8  48 

51  12 

38062 

98709 

39353 

60647 

01%)1 

61938 

6 

66 

10  8  40 

1  51  20 

9.38113 

9.98706 

9.39407 
8il6] 

10.60593 

10.0l'294 

10.61887 

5 

66 

8  32 

51  28 

38164 

98703 

60539 

01297 

61836 

4 

67 

8  24 

51  36 

38215 

98700 

89515 

60486 

01300 

61785 

3 

j   68 

8  16 

51  44 

38266 

98697 

39569 

60431 

01303 

61734 

2 

1   59 

8  8 

51  52 

38817 

98694 

39623 

60377 

01306 

61683 

1 

1   60 

8  0 

52  0 

38368 

98690 

89677 

60328 

01310 

61632 

0 

»   M  1 

Hourp.M. 

HourA.M. 

Co-sine. 

Sine. 

C^-twig.  Tangent.lCo-«ecaiii 

Secant. 

M 

lOSDefi. 


Deg».  76. 
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TABLE  XXVn. 

Log.  Sines,  Tangents  and  Secants. 


M    HourA.M.|I]ourp.iw, 


e.    I  Co-si 


Tangent 


Secant  Id 


Peg  165. 


Co-tan([C, 


9.38368 
38418 
38469 
38619 
38670 


9.98690 
98687 
98684 
98681 
98678 


9.39677 
39731 
39785 
3SI338 
3989S 


10. 60323|10. 01310)10 
0131 
013161 
013191 
01322 


60269 
60215 
60162 
60108 


61632 
61582 
61531 
61481 
61430 


59 
58 
57 
56 


10  7 
7 
7 
6 
6 


1  52  40 
52  48 

52  56 

53  4 
53  12 


9.38620 
38670 
38721 
38771 
38821 


9.98675 
98671 
98668 
98665 
98662 


9.3994510.60056110.0132510.61380  55 
39999  60001  01329«  61330^  M 
40062  59948.  01332{  61279  53 
40106  59894  013851  61229  52 
40159   59841   01338   61179>  51 


10  6 
6 
6 
6 
6 


40 

32 

24 

16 

8 


63  20 
63  28 
63  36 
53 

53  52 


9.38871 
38921 
38971 
39021 
39071 


9.98659 
98656 
98652 
98649 
98646 


9.4021210.59788 
69734 
59681 
69628 
59676 


40266 
40319 
40372 
40426 


10.01341 
01344 
01348 
01351 
01354 


10.611291  50 
61079  49 
61029  48 
G0919   47 


60929 


46 


10  6  0 

5  52 

5  44 

6  36 
5  28 


1  54 
54 
64  1^ 
54  24 
64  32 


9.39121 
39170 
39220 
39270 
39319 


9.98643 
98640 
98636 
98633 


9.40478 
40531 
40584 
40636 


98630   40689 


10.59522 
59469 
59416 
59364 
69311 


10.01357 
01360 
01364 
01367 
01370 


10.60879 
60830 
60780 
60730 
60681 


45 
44 
43 
42 
41 


]0  5  20 

6  12 

6  4 

4  56 

4  48 


54  40 
54  48 

54  56 
65    4 

55  19 


9.39369 
39418 
39467 
39617 
39566 


9.98627 
98623 
98620 
98617 
98614 


9.40742 
40795 
40847 
40900 
40962 


10.59258 
69205 
69163 
69100 
69048 


10.01373 
01377 
01380 
01383 
01386 


10.60631 
60582 
60533 
60483 
60434 


40 
39 
38 
37 
36 


10  4  40 


32 

24 

16 

8 


55  20 
55  28 
55  36 
66  44 
55  52 


9.39615 
39664 
39713 
39762 
39B1] 


9.98610 
98607 
98604 
98601 
98697 


9.4100610 
41067 
41109 
41161 
41214 


.68995|10. 01390 
01393 
01396 
01399 
01403 


58943 
58891 
68839 


58786 


10.60385 
60336 
60287 
60238 
60189 


35 
34 
33 
32 
31 


10  4  0 

3  52 

3  44 

3  36 

3  28 


56 
66 
66  16 
66  24 
66  32 


9.39860 
39909 
39958 
40006 
40055 


9.98594 
98691 
98588 
98584 
98581 


9.4126610 
41318 
41370 
41422 
41474 


58734110.01406 
01409 
01412 
01416 
01419 


58682 
68630 
58578 
68526 


10.60140 
60091 
60042 
69994 
69945 


30 
29 
28 

27 
26 


10  3  20 
3  12 


1  66  40 
66  48 
66  66 
57  4 
57  12 


9.40103 
40152 
40200 
40249 
40297 


9.98578 
98574 
98571 
98568 
98565 


9.41526 
41578 
41629 
41681 
41733 


10.68474|10.01422 
01426 
01429 
01432 
01436 


68422 
68371 
58819 
58267 


10.59897 
69848 
69800 
69751 
69703 


25 

24 
23 
22 

21 


10  2 
2 
2 
2 
2 


57  20 
57  28 
57  36 
57  44 

57  32 


9.40346 
40394 
40442 
4049Q 
40538 


9.98561 
93058 
98555 
98551 
98548 


9.41784  10.6821610.01439 


41836 
41887 
41939 
41990 


68164 
68113 
58061 
68010 


01442 
01415 
01449 
01462 


10.59654 
69606 
69558 
69510 
69462 


19 
18 
17 
16 


10  2 
1 
1 
1 
1 


58 
5S 
58  16 
68  24 
68  32 


.40586 
40634 
40682 
40730 
40778 


9.98645 
98541 
98538 
98636 
98531 


.42041 
42093 
42144 
42195 
42246 


10.01456 
01469 
01462 
67806  01465 
57754   01469 


10.57959 
67907 
57856 


10.59414 
59366 
69318 
69270 
69222 


J5 
14 
13 
12 
11 


10  1 
1 

1 
0 
0 


58  40 
58  48 

68  56 
-69  4 

69  12 


9.40825 
40873 
40921 

,  40968 
41016 


9.98628 
98626 
98521 
98518 
98515 


9.42297 
42348 
42399 
42460 
42601 


10.57703 
57652 
67601 
67650 
67499 


10.01472110.59175 


01475 
01479 
01482^ 
01485 


59127 
69079 
69032 
68984 


10 

9 
8 
7 
6 


10  0 
0 
0 
0 
0 

a 


59  20 
59  28 
69  36 
69 
69  52 
0    0 


9.41063 
41111 
41158 
41206 
41252 
41300 


"1    iHourp.M.lHourA.M.  Co»8ine 
i041>egi. 


9.98511 

•  98508 

•  98505 
98501 
98498 
98494 


9.42552 
42603 
42653 
42704 
42755 
42805 


10.57448 
67397 
57347 
67296 
57245 
67195 


10.01489(10.58937 
01492  58889 
01496  68842 
01499  68795 
01502  5874S 
01506   58700 


Sine. 


Co-tang. 'Tangent  iCo-«ecant'  8e«mt 


Ts^^^rt 


TABLE  XXVII. 


199 


Loe.  Sines,  Tangents  and  Secants. 

15l>e|p. 

Degs.  164. 

M  |HourA.M. 

i£>urp.M. 

Sine. 

Conine. 

ITangent. 

Co-tang. 

Secant 

Co-tecant| 

M 

0 

10.  0  0 

2  0  0 

9.41300 

9.98494 

9.42806 

10.57195 

10.01506 

10.58700 

60 

1 

9.59  52 

0  8 

41347 

98491 

42856 

57144 

01509 

68663 

69 

2 

59  44 

0  16 

41394 

98488 

42906 

57094 

01512 

68606 

68 

3 

59  36 

0  24 

41441 

98484 

42957 

57043 

01516 

68659 

67 

4 

59  28 

0  32 

41488 

98481 

43007 

56993 

01519 

68612 

56 

5 

9.59  20 

2  0  40 

9.41636 

1198477 
^8474 

9.43067 

10.66943 

10.01523 

10.58466 

65 

6 

59  12 

0  48 

41682 

43108 

66892 

01526 

68418 

54 

7 

59  4 

0  56 

41628 

98471 

43168 

66842 

01629 

68372 

53 

8 

68  56 

1  4 

41675 

.  98467 

43208 

66792 

01633 

68325 

62 

9 

58  48 

1  12 

41722 

QQAAA 

43268 

56742 

01536 

68278 

61 

10 

9.58  40 

2  1  20 

9.41768 

9.98460 

9.43308 

10.66692 

10.01540 

10.68232 

60 

11 

68  32 

1  28 

41815 

98467 

43358 

56642 

01643 

58185 

49 

18 

58   24 

1  36 

41861 

98463 

43408 

66592 

01647 

58139 

48 

15 

58  16 

1  44 

41908 

98460 

43458 

66642 

01660 

58092 

47 

U 

BS    8 

1  52 

41954 

98447 

43608 

66492 

01553 

68046 

46 

15 

9.58  0 

2  2  0 

9.42001 

9.98443 

9.43558 

10.66442 

10.01667 

10.57999 

46  i 

16 

57  52 

2  8 

42047 

98440 

43607 

66393 

01560 

57953 

44 

17 

67  44 

2  16 

42093 

98436 

43657 

66343 

01564 

67907 

43 

18 

57  36 

2  24 

42140 

98433 

43707 

,  56293 

01567 

67860 

42 

19 

57  28 

2  32 

42186 

98429 

43756 

66244 

01571 

67814 

41 

20 

9.57  20 

2  2  40 

9.42232 

9.98426 

9.43806 

10.66194 

10.01574 

10.67768 

40 

21 

57  12 

2  48 

42278 

98422 

43856 

66145 

01678 

67722 

39 

22 

57  4 

256 

42324 

98419 

43905 

66095 

01581 

67676 

38 

23 

66  56 

3  4 

42370 

98415 

43954 

66046 

01586 

67630 

37 

24 

66  48 

3  12 

42416 

98412 

44004 

66996 

01688 

67684 

36 

25 

9.56  40 

2  3  20 

9.42461 

9.98409 

9.44053 

10.65947 

10.01691 

10.67539 

36 

26 

56  32 

3  28 

42507 

98405 

44102 

65898 

01695 

67493 

34 

27 

66  24 

3  36 

42653 

98402 

44151 

56849 

01698 

67447 

33 

28 

56  16 

344 

42599 

98398 

44201 

55799 

01602 

57401 

32 

29 

56  8 

3  62 

42644 

98395 

44250 

55750 

01606 

67856 

31 

30 

9.56  0 

2  4  0 

9.42690 

9.98391 

9.44299 

10.55701 

10.01609 

10.57310 

30 

31 

55  52 

4  8 

42735 

98388 

44348 

56662 

01612 

67266 

29 

32 

55  44 

4  16 

42781 

98384 

44397 

56603 

01616 

57219 

28 

33 

65  36 

424 

42826 

98381 

44446 

56654 

01619 

67174 

27 

34 

55  28 

4  32 

42872 

98377 

44495 

55505 

01623 

67123 

26 

35 

9.55  20 

2  4  40 

9.42917 

9.98373 

9.44544 

10.55466 

10.01627 

10.67083 

25 

36 

56  12 

448 

42962 

9H370 

44592 

55408 

61630 

67038 

24 

37 

56  4 

4  56 

43008 

98366 

44641 

66359 

0163^ 

66992 

23 

38 

54  56 

6  4 

43053 

98363 

44690 

56310 

01637 

66947 

22 

39 

54  48 

6  12 

43098 

98359 

44738 

66262 

01641 

66902 

21 

40 

9.54  40 

2  5  20 

9.43143 

9.98366 

9.44787 

10.66213 

10.01644 

10.66857 

20 

41 

54  32 

6  28 

43188 

98362 

44836 

56164 

01648 

66812 

19 

42 

64  24 

6  36 

43233 

98349 

44884 

66116 

01651 

66767 

18 

43 

64  16 

644 

43278 

98345 

44933 

66067 

01666 

66722 

17 

44 

54  8 

6  52 

43323 

98342 

44981 

65019 

01668 

66677 

16 

46 

9.64  0 

2  6  0 

9.43367 

9.98338 

9.46029 

10.64971 

10.01662 

10.66693 

16 

46 

53  52 

6  8   43412 

98334 

46078 

64922 

01666 

66688 

14 

47 

63  44 

6  16 

43457 

98331 

46126 

64874 

01669 

66643 

13 

48 

63  36 

6  24 

43502 

98327 

46174 

64826 

01673 

66498 

12 

49 

63  28 

6  32 

43646 

98324 

46222 

64778 

01676 

*  66464 

11 

50 

9.63  20 

2  6  40 

9.43591 

9.98320 

9.46271 

10.64729 

10J)1680 

10.66409 

10 

51 

63  12 

648 

43635 

98317 

4631S 

6iSBy      01682 

^   66366 

9 

52 

63  4 

6  56 

43680 

98313 

46367 

64633   01687 

'  66320 

8 

53 

62  66 

7  4 

43724 

98309 

45415 

64685 

0I«81 

66276 

7 

54 

62  48 

7  12 

43769 

98306 

45463 

6453T 

01694 

66231 

6 

55 

9.52  40 

2  7  20 

9.43813 

9.98302 

9.45611 

10.54489 

10  0169^ 

10.66187 

5 

56 

52  32 

7  28 

43867 

98299 

45659 

64441 

01701 

66143 

4 

57 

52  24 

7  36 

43901 

98295 

45606 

64394 

01706 

56099 

3 

58 

62  t6 

"7  44 

43946 

98291 

46654 

64346 

01709 

66064 

>  X 

1  59 

62  8 

7  52 

43990 

98288 

4670i 

64298 

01712 

66010 

1 

1  60 

52  0 

8  0 

44034 

98284 

46760 

54250 

01716 

66966 

0 

IM 

Hoarr.M. 

HOOTA.M. 

Co-sioe. 

Sine. 

^!«afc 

Tangent. 

Co-Mcant 

Seeant 
*— wr — 

M 
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TABLE  XXVIL 
Logs.  Sines,  Tangents  and  SecanU. 

i 

16 

Degs. 

De«.  163. 

M 

HourA.M. 

Hoarp.M. 

Sine. 

Conine. 

Tangent 

Co-Ung. 

M  , 

0 

9  52  0 

2  8  0 

9.44034 

9.98284 

9.45750 

10.54260 

10.01716 

10.55966 

60  1 

1 

51  52 

8  8 

44078 

98281 

45797 

54203 

01719 

56922 

69  1 

1 

ft 

51  44 

8  16 

44122 

93277 

46845 

54155 

01723 

66878 

68 

3 

61  36 

8  24 

44166 

98273 

45892 

64108 

01727 

55834 

57 

4 

61  28 

8  32 

44210 

98270 

46940 

54060 

01730 

55790 

66 

6 

9  61  20 

2  8  40 

9.44253 

9.98266 

9.45W 
46035 

10.54013 

10.01735 

10.65747 

55 

6 

51  12 

8  48 

44297 

98262 

63965 

01738 

65703 

54 

7 

61  4 

8  t6 

44341 

98269 

46082 

63918 

01741 

56659 

53 

8 

60  56 

9  4 

44385 

98265 

46180 

63870 

01745 

65615 

52 

9 

60  48 

9  12 

44428 

98251 

46177 

63823 

01749 

66572 

61 

40 

9  50  40 

2  9  20 

9.44472 

9.98248 

9.46224 

10.53776 

10.01762 

10.56528 

50 

11 

50  32 

.9  28 

44516 

98244 

46271 

63729 

01756 

66484 

49 

12 

50  24 

9  36 

44559 

98240 

46319 

63681 

01760 

65441 

48 

13 

50  16 

9  44 

44602 

98237 

46366 

63634 

01763 

55398 

47 

14 

50  8 

9  52 

44646 

98233 

46413 

63687 

01767 

55354 

46 

15 

9  50  0 

2  10  0 

9.44689 

9.98229 

9.46460 

10.63640 

10.01771 

10.55311 

45 

16 

49  52 

10  8 

44733 

98226 

46507 

53493 

01774 

56267 

44 

1 

17 

49  44 

10  16 

44776 

98222 

46554 

63446 

01778 

65224 

43 

1 

18 

49  36 

10  24 

44819 

98218 

46601 

53899 

01782 

56181 

42 

1 

19 

49  28 

10  32 

44862 

98215 

46648 

63352 

01785 

55138 

41 

SO 

9  49  20 

2  10  40 

9.44905 

9.98211 

9.46694 

10.53306 

10.01789 

10.55095 

40 

SI 

49  12 

10  48 

44948 

98207 

46741 

63269 

01793 

65052 

39 

22 

49  4 

10  56 

44992 

98204 

46788 

63212 

01796 

65008 

38 

23 

48  66 

11  4 

45035 

98200 

46836 

63165 

01800 

54965 

37 

24 

48  48 

11  12   45077 

98196 

46881 

53119 

01804 

64923 

36 

25 

9  48  40 

2  11  20l 

9.45120 

9.98192 

9.46928 

10.53072 

10.01808 

10.64880 

35 

26 

48  32 

11  28 

45163 

98189 

46975 

63025 

01811 

54837 

34 

27 

48  24 

11  36 

45206 

98185 

47021 

62979 

01816 

64794 

33 

28 

48  16 

11  44 

45249 

98181 

47068 

62932 

01819 

64751 

32 

29 

48  8 

11  52 

45292 

98177 

47114 

52886 

01823 

64708 

31 

30 

9  48  0 

2  12  0 

9.45334 

9.98174 

9.47160 

10.52840 

10.01826 

10.54666 

30 

31 

47  52 

12  8 

45377 

98170 

47207 

62793 

01830 

54623 

29 

32 

47  4« 

12  16 

45419 

98166 

47253 

62747 

01834 

64581 

28 

33 

47  36 

12  24 

46462 

98162 

47299 

62701 

01838 

64638 

27 

34 

47  28 

12  32 

46504 

98159 

47346 

62664 

01841 

54496 

26 

35 

9  47  20 

2  12  40 

9.45547 

9.98155 

9.47392 

10.62608 

10.01845 

10.64463 

25 

36 

47  12 

12  48 

45589 

98151 

4743a 

62662 

01849 

64411 

24 

37 

47  4 

12  56 

45632 

98147 

47484 

62516 

01863 

64368 

23 

38 

46  56 

13  4 

45674 

98144 

47630 

62470 

01856 

64326 

22 

39 

46  48 

13  12 

45716 

98140 

47576 

62424 

01860 

64284 

21 

40 

9  46  40 

2  13  20 

9.46768 

9.98136 

9.47622 

10.62378 

10.01864 

10.54242 

90 

41 

46  32 

IS  28 

45801 

98132 

47668 

52332 

01868 

64199 

19 

42 

46  24 

13  36 

45843 

98129 

47714 

62286 

01871 

64157 

18 

43 

46  16 

13  44 

98125 

47760 

62240 

01876 

64115 

17 

44 

46  8 

13  62 

45927 

98121 

47806 

52194 

01879 

64073 

16 

45 

9  46  0 

2  14  0 

9.46969 

9.98117 

9.47862 

10.62148 

10.01883 

10.64031 

15 

46 

46  52 

14  8 

46011 

98113 

47897 

62103 

01887 

53989 

14 

47 

46  44 

14  16 

46053 

98110 

47943 

62067 

01890 

63947 

13 

48 

46  36 

14  24 

46095 

98106 

47989 

62011 

01894 

63905 

12 

49 

46  28 

14  32 

46136 

98102 

48035 

51965 

01898 

63864 

11 

50 

9  46  20 

2  14  40 

9.46178 

9.98098 

9.48080 

10.61920 

10.01902 

10.63822 

10 

51 

45  12 

14  48 

46220 

98094 

48126 

51874 

01906 

63780 

9 

52 

46  4 

14  56 

46262 

98090 

48171 

51829 

01910 

63738 

t 

53 

44  56 

15  4 

46303 

98087 

48217 

61783 

01913 

53697 

7 

54 

44  48 

15  12 

46345 

98083 

48262 

51738 

01917 

53665 

6 

55 

9  44  40 

2  15  20 

9.46386 

9.98079 

9.48307 

10.51693 

10.01921 

10.53614 

6 

56 

44  32 

15  28 

4642a 

98075 

48353 

61647 

01925 

63672 

4 

57 

44  24 

15  36 

46469 

98071 

48398 

51602 

01929 

53531 

3 

58 

•   44  16 

15  44 

46511 

98067 

48443!   51567 

01933 

63489 

« 

59 

44  8 

15  52 

.46552 

98063 

484891   51511 
485341   61466 

01937 

63448 

1 

60 

44  0 

16  0 

46594 

98060 

0)940 

63406 

0 

M 

Hoiirp.M. 

HourA.M. 

Co^sine. 

Sine. 

Co-tang.lTangeiit. 

Co-secant 

Secant. 

M 

106 

Deg.. 

Dep.  73. 
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TABLE  XXVIL 

201 

Log:  Sioes,  Tangents  and  Secants. 

17  Degs. 

Dcir« 

.  162. 

M 

HOUFA.M. 

Hourp.M. 

Sine. 

Co-sine. 

Tanjfent 

Co-tani^  1  Secant.  jCo-secaiU 

M 

0 

9  44  0 

2  16  0 

9.4r,o94 

9.9:;0G0 

9.48034 

10.51466,10.01 9  K»  1 0 .  53406 
614211   01944!   63365 

60 

1 

43  52 

16  8 

46635 

98056 

48579 

59 

2 

43  44 

16  16 

46676 

98052 

48624 

61376 

01948 

63324 

53 

3 

43  36 

16  24 

46717 

98048 

48669 

51331 

01952 

5:)283 

57 

4 

43  2H 

16  32 

46758 

980.H 

48714 

61286 

019.')6 

63212 

56 

5 

9  43  20 

2  16  40 

9.46  00 

9.98040 

9.4;  759 

10.51241 

10.01960 

10.53200 

55 

6 

43  12 

16  48 

46o41 

98036 

48804 

61196 

01964 

53159 

54  1 

7 

43  4 

16  fi6 

4(}:!82 

98032 

48849 

61151 

01968 

53118 

53 

8 

42  66 

17  4 

46923 

98029 

■'48894 

61106 

01971 

63077 

62 

9 

42  48 

17  12 

46964 

_  98025 

48939 
9.48984 

61061 
10.51016 

01975 

5.3036 

51 

10 

9  42  40 

2  17  20 

9.47005 

9.98021 

10.01979 

10.52995 

50 

11 

42  32 

17  28 

47045 

98017 

49029 

60971 

01083 

62955 

49  1 

12 

42  24 

17  36 

47086 

98013 

49073 

60927 

01987 

62914 

48 

13 

42  16 

17  44 

47127 

98009 

49118 

60882 

01991 

62873 

47  ' 

14 

42  8 

17  52 

47168 

98005 

49163 

608.'37 

01995 

52832 

46  ! 
45  , 

15 

9  42  0 

2  18  V 

9.472091  9.93001 

9.49207 

10.50793 

10.01999 

10.52791 

16 

41  52 

18  8 

47249 

97997 

49252 

60748 

02003 

62751 

44  ; 

17 

41  44 

18  16 

47290 

97993 

49296 

60704 

02007 

62710 

43  I 

18 

41  36 

18  24 

473v30 

97989 

49341 

50659 

02011 

62670 

42  1 

19 

41  28 

18  32 

47371 

97936 

49385 

60616 

^020 14 

52629 

41 

20 

9  41  20 

2  18  40 

9.47411 

9.97982 

9.49430 

10.50570 

10.02018 

10.62589 

40 

21 

41  12 

18  48 

47452 

97978 

49474 

60526 

02022 

62548 

39 

22 

41  4 

18  66 

47492 

97974 

49519 

60481 

02026 

62508 

38 

23 

40  56 

19  4 

47533 

97970 

49563 

60437 

02030 

62467 

37 

24 

40  48 

19  12 

47573 

97966 

49607 

60393 

02034 

62427 

36 

25 

9  40  40 

2  19  20 

9.47613 

9.9796-2 

9.49652 

10.50348 

10.020.38 

10.52387 

35 

26 

40  32 

19  28 

47654 

97958 

49696 

50304 

02042 

62346 

34  ' 

27 

40  24 

19  36 

47694 

97954 

49740 

60260 

02046 

62306 

33 

28 

40  16 

19  44 

47734 

97950 

49784 

60216 

02050 

62266 

32 

29 

40  8 

19  52 

47774 

97946 

49828 

60172 

02054 

5222f; 

31 

30  ' 

30 

9  40  0 

2  20  0 

9.47.>il4 

9.97942 

9.49872 

10.50128 

10.020.18 

10.521.^6 

31 

39  52 

20  8 

47854 

97938 

49916 

50084 

020G2 

62146 

29  . 

32 

39  44 

20  16 

47894 

97934 

49960 

50aj0 

02066 

52106 

28  1 

33 

39  '36 

20  24 

479,54 

97'J30 

50004 

49996 

02070 

520(i6 

27  ! 

34 

39  in 

20  32 

47974 

97926 

60018 

49952 

02074 

32iy^i] 

26 

1 

1 

;<., 

9  .'>9  2*) 

2  20  4'l 

'jAHOii 

9.9/9J2 

9.50(Hji) 

10. 49908 

10.02078 

I0.5I98G 

25 

36 

39  12 

20  'U, 

4b0.o-; 

910  i-^ 

50l.;6 

49b64 

020;^  2 

51916 

24 

37 

39  4 

20  56 

4809 1 

97914 

60180 

49^20 

020.. 6 

519<!'> 

23 

1 

38 

38  66 

21  4 

43130 

97910 

50223 

49777 

02090 

5181./ 

22 

1 

39 

33  48 

21  12 

48173 

97906 

50267 

497.33 

0201-4 

5in-7 

^^1   1 

20     1 

40 

9  Si   40 

2  21  2u 

9.4J2I3 

9.97902 

9.50311 

10.496.':.9 

10.02L-9G 

10.517  7 

41 

33  32 

21  2.^ 

4H252 

97898 

60355 

49645 

02102 

51740 

»9  : 

42 

38  24 

21  36 

48292 

97894 

60398 

49602 

02106 

517r.; 

13 

43 

38  16 

21  44 

48332 

97890 

60442 

49558 

02110 

5l6.i8 

17 

44 

38  8 

21  62 

4c<37l 

97886 

60485 

49515 

02114 

61629 

16 

45 

9  38  0 

2  22  0 

9.48411 

9.97.;;;2 

9.60:;29 

10.49471 

10.02118 

10.515..9 

15 

1 

46 

37  62 

22  8 

48450 

97878 

60572 

49428 

02122 

61550 

14 

47 

37  44 

22,16 

48490 

97874 

60616 

49384 

02126 

61510 

13  ' 

48 

37  36 

22  24 

48529 

97870 

50659 

49341 

02130 

61171 

12  1 

49 

37  28 

22  32 

'48568 

97866 

5070a 

49297 

02134 

614.S2 

11 

50 

9  37  20 

2  22  40 

9.48607 

9.97861 

9.50746 

10.492^4 

10.02139 

10.51393 

10 

61 

37  12 

22  48 

48647 

97857 

60789 

49211 

02143 

613.03 

9  , 

52 

37  4 

22  66 

48686 

97853 

60833 

49167 

02147 

61314 

8  1 

63 

36  56 

23  4 

48725 

97849 

50876 

49124 

02161 

6127.3 

7 

54 

36  48 

23  12 

48764 

97846 

60919 

49081 

02155 

612.36 

6 

1 

55 

9  36  40 

2  23  20 

9.48803 

9.97841 

9.60962 

10.49038 

10. 021. ,9 

10.51197 

6 

56 

36  32 

23  28 

48842 

97837 

61005 

48995 

02163 

61158 

4 

67 

36  24 

23  36 

48881 

97833 

61048 

48952 

02167 

61119 

3 

68 

36  16 

23  44 

48920 

97829 

61092 

48908 

02171 

6IO0O 

2 

69 

36  8 

23  62 

48959 

97825 

51135 

48866 

02175 

61041 

1 

60 

36  0 

24  0 

48998 

97321 

61178 

48822 

02179 

61002 

0 

1   M 

Hourp.M. 

HouTA.M.  Co-sine. '  Sine.  <  Cotang.  'Tangent. 

Co-secant  Secant. 

M 

_ 

107  Degs. 


B¥ 


g^& 


72. 
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TABLE  XXVIL 

Log.  Siner.  Tangents  and  Siecants. 

18  Degs  . 

Degs.  161. 

1  M 

HourA.H. 

Hourp.rf.)  Sine. 

Co-sine. 

Tangent. 

Co-tang. 

Secant. 

Co-secant 

M 

|-  0 

9  36  0 

2  24  0 

9.48998 

9.97821 

9.61178 

10.48822 

10.02179 

10.51002 

60 

1 

35.52 

24  8 

49037 

97817 

51221 

487791 

02183 

60963 

59 

2 

35  44 

24  16 

49076 

97812 

61264 

48736 

02188 

60924 

58 

3 

35  36 

24  24 

49115 

97808 

61306 

.  48694 

02192 

60886 

57 

4 

35  28 

24  32 

49153 

97804 

61349 

48651 

02196 

60847 

56 

5 

9  35  20 

2  24  40 

9.49192 

9.97800 

9.61392 

10.48608 

10.02900 

10.50808 

55 

6 

35  12 

24  48 

49231 

97796 

51435 

48565 

02204 

60769 

54 

7 

35  4 

24  56 

49269 

97TO2 

61478 

48522 

02208 

60731 

58 

8 

34  56 

25  4 

4930S 

97788 

61620 

484S& 

02212 

60692 

52 

9 

34  48 

25  12 

49347 

07784 

61663 

48437 

02216 

50668 

51  . 

10 

9  34  40 

2  25  20 

9.49385 

9.97779 

9.61606 

10.48394 

10.02221 

10.60616 

50 

1] 

34  32 

25  28 

49424 

97775 

61648 

48352 

02225 

60576 

49 

12 

34  24 

25  36 

49462 

97771 

6169T 

48309 

02229 

60538 

48 

13 

34  16 

25  44 

49500 

97767 

61734 

48266 

02233 

60500 

47 

14 

34  8 

25  52 

49539 

97763 

61776 

48224 

02237 

60461 

46 

15 

9  34  0 

2  26  0 

9.49577 

9.97759 

9.61819 

10.48181 

*.02241 

10.60423 

45 

16 

S3  52 

26  8 

49615 

97754 

61861 

48139 

02246 

60386 

44 

17 

33  44 

26  16 

49654 

97750 

61903 

48097 

02260 

60846 

48 

18 

33  36 

26  24 

49692 

97746 

61946 

48054 

02264 

60808 

42 

19 

33  28 

£6  32 

49730 

97742 

61988 

48012 

02268 

6027^ 

41 

20 

9  33  20 

2  26  40 

9.4^768 

9.97738 

9.62031 

10.47969 

10.02262 

10.60232 

40 

21 

33  12 

26  48 

49K06 

97734 

52073 

.   47927 

02266 

60194 

89 

22 

33  4 

26  56 

49844 

97729 

62115 

47885 

02271 

60166 

88 

23 

32  56 

27  4 

49882 

97725 

62157 

47843 

02276 

60118 

37 

24 

32  48 

27  12 

49920 

97721 

62200 

47800 

02279 

60080 

86 

25 

9  32  40 

2  27  20 

9.49958 

9.97717 

9.62242 

10.47758 

10.02283 

10.60042 

86 

26 

32  32 

27  28 

49996 

97713 

62284 

47716 

02287 

60004 

84 

27 

32  24 

27  36 

60034 

97708 

62326 

47674 

02292 

49966 

88 

28 

3%   16 

•  27  44 

60072 

97704 

62368 

47632 

02296 

49928 

82 

^9 

82  8 

27  52 

60110 

97700 

62410 

47590 

02300 

49890 

81 

30 

9  32  0 

2  28  0 

9.50148 

9.97696 

9.62452 

10.47548 

10.02304 

10.4985fi 

30 

31 

31  62 

28  8 

60185 

97691 

62494 

47506 

02309 

49816 

29 

32 

SI  44 

28  16 

60223 

97687 

62536 

47464 

02313 

49777 

28 

33 

31  36 

28  24 

60261 

97683 

62578 

.  47422 

02317 

49789 

27 

34 

31  28 

28  32 

60298 

976*79 

52620 

47380 

02321 

49702 

96 

35 

9  31  20 

2  28  40 

9.50336 

9.97674 

9.62661 

10.47339 

10.02326 

10.49664 

25 

36 

31  12 

28  48 

60374 

97670 

52703 

47297 

02330 

4962^ 

U 

37 

31  4 

28  56 

60411 

97666 

62746 

47255 

02334 

49689 

23 

38 

50  56 

29  4 

60449 

97662 

62787 

47213 

02338 

49661 

22 

39 

30  48 

29  12 

60486 

97657 

62829 

47171 

02343 

49514 

21 

40 

9  30  40 

2  29  20 

9.50523 

9.97653 

9.62870 

10.47130 

10.02347 

10.49477 

20 

41 

30  32 

29  28 

60561 

97649 

62912 

47088 

02361 

49439 

19 

42 

30  24 

29  36 

60598 

97645 

62953 

47047 

02366 

49402 

18 

43 

30  16 

29  44 

60635 

97640 

62995 

47005 

02360 

49365 

17 

44 

30  8 

29  52 

50673 

97636 

63037 

46963 

02864 

49827 

16 

4,5 

9  30  0 

2  30  0 

9.60710 

9.97632 

9.53078 

10.46922 

10.02368 

10.49290 

15 

46 

29  52 

30  % 

60747 

97628 

63120 

46880 

02372 

49253 

14 

47 

29  44 

50  16 

60784 

97623 

63161 

46839 

t)2377 

49216 

18 

48 

29  36 

30  24 

60821 

97619 

63202 

46798 

02331 

49179 

IS 

49 

29  28 

30  32 

60858 

97615 

63244 

46756 

02386 

49142 

It 

1 

50 

9  29  20 

2  30  40 

9.50896 

9.97610 

9.53285 

10.46715 

10.02390 

10.49104 

10 

I 

51 

29  12 

30  48 

60933 

97606 

63327 

46673 

02394 

49067 

9 

52 

29  4 

30  56 

50970 

97602 

63368 

46632 

02398 

49030 

8 

53 

28  56 

31  4 

61007 

97597 

6SM)9 

46591 

02408 

48998 

7 

54 

28  48 

31  12 

51048 

97593 

63460 

46550 

02407 

48967 

6 

55 

9  28  40 

2  31  20 

9.51080 

9.97589 

9.63492 

10.46508 

10.02411 

10.48920 

5 

56 

28  32 

31  28 

61117 

97584 

63533 

46467 

02416 

48888 

4 

57 

28  24 

31  36 

51154 

97580 

63574 

46426 

02420 

48846 

3 

58 

28  16 

31  44 

61191 

97676 

63616 

46385 

02424 

48809 

S 

59 

28  8 

31  62 

61227 

97671 

63656 

46344 

02429 

48773 

1 

60 

28  0 
Hourp.M. 

32  0   61264 

97667 

63697 

46303 

02433 

48786 

0 

HourA.H.  Co-«ine. 

Sine. 

Co-tang. 

Tangent. 

Co-secamI 

Secant. 

M 

JOSU 

C£S. 

« 

uyvjw 

w.  71. 

« 

♦ 

TABLE  XXVn. 

Long.  Sines,  Tangents  and  Secants. 

IS  Degs.                                           Degs 

M 

HOUFA.M. 

Hourp.M. 

Sine.  ,  Co-sine. 

Tangent. 

Co-tan^.  Secant.  Co-secant 

0 

9  28  0 

2  32  0 

9.51264 

9.97567 

9.53697 

10.46303  10.02433  10.4873t; 

1 

27  62 

32  8 

61301 

97563 

63738 

46262   02437 

486991 

2 

27  44 

32  16 

61338 

97558 

63779 

462^1 

02442 

48ri('rJ 

3 

27  36 

82  24 

61374 

97554 

63820 

46180 

0244G 

48620 

4 

27  28 

32  32 

61411 

97550 

63861 

46139 

02450 

AiloV/J 

6 

9  27  20 

2  32  40 

9.514^17 

9.97545 

9.53902 

10.46098 

10.02455 

10.41J5:);> 

6 

27  12 

32  48 

61484 

97541 

63943 

46057 

02459 

4v>:ag 

7 

27  4 

32  66 

61520 

97636 

63984 

46016 

02464 

41 ;  480 

8 

26  56 

33  4 

61657 

97632 

64025 

45975 

02468 

484-i;5 

9 

26  48 

33  12 

61693 

97528 

64065 

45935 

02472 

484(7 

10 

9  26  40 

2  33  20 

9.61629 

9.97523 

9.64106 

10.45894 

10.02477 

10.4857] 

11 

26  32 

33  28 

61660 

97519 

64147 

45863 

02481 

48:3,34 

12 

26  24 

33  36 

61702 

97516 

54187 

45813 

02485 

4829i; 

13 

26  16 

33  44 

51738 

97510 

64228 

45772 

,       02490 

4R2G2 

14 

26  8 

33  62 

61774 

97506 

64269 

46731 

02494 

48226 

Id 

9  26  0 

2  34  0 

9.61811 

9.97501 

9.54309 

10.45691 

10.02499 

10.481BH 

16 

26  62 

34  8 

61847 

97497 

54350 

4565C 

02503 

48153 

17 

25  44 

34  16 

61883 

97492 

54390 

4561Q 

02508 

48117 

18 

26  36 

34  24 

61919 

97488 

64431 

4556U 

02512 

48081 

19 

25  28 

34  32 

61955 

97484 

64471 

45522 

02516 

48045 

20 

9  25  20  2  34  40 

9.51991 

•9.97479 

9.54512 

10.4548b 

10.02521 

10. 48001* 

21 

26  12 

34  48 

62027 

97475 

64552 

4544^ 

02525 

4797.^ 

22 

26  4 

34  56 

62063 

97470 

64693 

45407 

02530 

47937 

23 

24  66 

35  4 

62099 

97466 

64633 

45361 

02534 

471/01 

24 

24  48 

35  12 

62135 

97461 

64673 

45327 

02539 

47«f;:. 

26 

9  24  40 

2  36  20 

9.62171 

9.97457 

9.54714 

10.45286 

10.02543 

10.478211 

26 

24  32 

35  28 

62207 

97463 

64754 

45246 

025^*7 

477MJ 

27 

24  24 

35  36 

62242 

97448 

64794 

46206 

02.352 

477.-jy- 

28 

24  16 

35  44 

52278 

97444 

64835 

4516ii 

-02556 

47722 

29 

24  8 

35  52 

52314 

97439 

64875 

46125 

02561 

476. S(} 

30 

9-24  0 

2  36  0 

9.52350 

9.97435 

9.54915 

10.45085 

10.02565 

10.47Gj(i 

31 

23  62 

36  8 

523/{.) 

97430 

64955 

45045 

02570 

476 1  j 

32 

23  44 

36  16 

52421 

97426 

64995 

46003 

02574 

47579 

33 

23  36 

36  24 

62456 

97421 

65035 

44966 

02579 

47544 

34 

23  28 

36  32 

52492 

97417   65075 

44925 

02583 

47508 

36 

9  23  20  2  36  40| 

9.52527 

9.97412  9.55115 

10.44885 

10  02588 

10.47473 

36 

23  12 

36  48 

62563 

97408 

65155 

44845 

02592 

474^37 

37 

23  4 

36  66 

62598 

97403 

55196 

44805 

02597 

474021 

38 

22  66 

37  4 

52634 

97399 

65235 

44766 

02601 

47366 

39 

22  48 

3*1  12 

62669 

97394 

66276 

44725 

02606 

4733 1| 

40 

9  22  40 

2  37  20 

9.52705 

9.97390 

9.65316 

10.44685 

10.02610 

10.4729/) 

41 

22  32 

37  28 

62740 

97386 

66355 

44646 

02615 

47260 

42 

22  24 

.37  36 

62776 

97381 

65395 

44605 

02619 

47225' 

43 

22  16 

37  441 

62811 

97376 

66434 

44566 

02624 

47189 

44 

22  8 

37  62 

62846 

97372 

66474 

44626 

02628 

47154, 

46 

9  22  0 

2  38  0 

9.52881 

9.97367 

9.65514 

10.44486 

10.02633 

10.47119 

46 

21  62 

38  8 

62916 

97363 

66554 

02637 

470841 

47 

21  44 

38  16 

62951 

97368 

55592 

44407 

02642 

47049 

48 

21  36 

38  24 

62986 

97353 

66633 

44367 

02647 

47014 

49 

21  28 

38  32 

63021 

97349 

66673 

44327 

02661 

46979' 

60 

9  21  20 

2  38  40 

9.63056 

9.97344 

9.66712 

10.44288 

10.02656 

io.4<;y44| 

51 

21  12 

36  48 

63092 

97.340 

66762 

44248 

02660 

46908' 

62 

21  4 

38  66 

63126 

97336 

65791 

44209 

02665 

46874 

63 

20  66 

39  4 

63161 

97331 

66831 

44169 

02669 

46839 

64 

20  48 

39  12   63196 

97326 

66870 

44130 

02674 

46804 

66 

9  20  40 

2  39  20  9.63231 

9.97322 

9.65910 

10.44090 

10.02678 

10.4(i769 

56 

20  32   39  28   63266 

97317 

66949 

44051 

02683 

46734 

67 

20  24   39  36   63301 

97312   66989 

44011 

02688 

46699 

68 

20  16   39  44   63336 

97308   66028 

43972 

02692 

46664 

69 

20  8   39  62   63370 

97303   66067   43933 

02697 

46630 

€0 

20  0   40  0   63406 

97299   66107   43893 

02701 

46595 

M 

Eiourp.M.lHouTA.M.  Co-dne.  Sine.  |Co-t80g- 'Tangent i 

Co-secant*  Socant.J 
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Pep. 
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TABLE  XXVn. 

Log.  Sines,  Tangents  and  Secants. 


Pegs.  159. 


20  Peg8. - uega.  i&^. 

M    IHoui-A.M.iHQurp.M.I     Sine.    I  Co-sine. [Tangent.  Co-tang.    Secant.  iCo-sccant|    M 
~0"    9  20     0   2  40    ol  9.534^j!  9.972991  9.^107  10. 43:j93  10. 027()l|lO. 46695    60 


9  20  0 
19  52 
19  44 
19  36 

19  2a 


2  40  0 
40  8 
40  16 
40  24 

40  .y2 


9.9729L 
97294 
97289 
97235 
972y0 


10. 43:j93  10.02701110.46695 
438541       027061      46560 


43815 
43776 

437r^6 


0271 1  46625 
02715  46491 
027201   46456 


19  20 
19  12 
19  4 
18  56 
18  4a 


2  40  40 
40  48 

40  56 

41  4 
41  12 


9.53573 
53613 
53647 
53682 
53716 


9.97276 
97271 
97266 
97262 
972o7 


9  18  40 
18  32 
18  24 
18  16 
18  8 


2  41  20 
41  28 
41  36 
41  44 
41  52 


9.53751 
53785 
63319 
53854 

53888 


9.97251' 
9T2Vd 
97243 
97238 
97234 


9.56303 
56342 
56381 
66420 
56459 


10.43502 
4346, 
43424 
433U5 
43346 


10. 


0274riil0 

02752 

02757 

02762 

02766 


46249 
46215 
46181 
46146 
46112 


9  18  0 
17  52 
17  44 
17  36 
17  23 


17  20 
17  12 
17  4 

16  56 
16  48 


16  40 
16  3 
16  24 
16  16 
•16  8 


9.53922 
53957 
53991 
54025 
64059 


9.97229 
97224 
97220 
97215 
97210 


9. 5669  J  10.43307 
66732   4326  (^ 


56771 
56810 

56H49 


2  42  40 
42  4y 

42  56 

43  4 
43  12 


2  43  20 
43  28 
43  36 
43  44 
43  .^2 


9.54093 
54127 
54161 
84195 

54229 


9.97200 
97201 
97196 
97192 

97187 


43229 
43190 
431 


10.02771 
02776 
02780 
02785 
02790 


10.46075 
4604,'^ 
46009 
45975 
45941 


9.56tfJJ7 
56926 
66965 
57004 
57042 


10.43113 
43074 
43035 
42996 
429;>:i 


9.54263 
54297 
6-^331 
64365 
64399 


9.971b2 
97178 
97173 
97168 
97J63 


9.57()-i 
67120 
67158 
87197 
57235 


10.0279410.45907 
45873 
46839 
45805 
45771 


02799 
02804 
02808 
02813 


10.429  910. 02i;i8 
42lii,0        02822 


42842 
42803 
42765 


02827 
02832 
02837 


10.4675 

45703 

45669 

45635 

46601 


40 


16  0 
15  52 
15  44 

15  36 
15  23 


9.544;>3 
64466 
64,900 
54534 
54567 


9.y71i;9 
97154 
97149 
97145 
97140 


9.o727  4 
57312 
.^7351 

573d9 
6742:1 


10 


,427:'6 
426.  ;a 
42649 
4261 
42572 


10 


02841 
02846 
02851 
02865 
02860 


10 


.4556 

45534 

45500 

45466 

45433 


9  15  20 
15  12 
15  4 
14  56 

-  14  48 


9  14  40 
14  32 
14  24 
14  16 
14  8 


2  44  4(i 
44  48 

44  56 

45  4 

46  12 


9.54601 
54635 
64668 
54702 
64735 


.97135 
97130 
97126 
97121 
97116 


9.57466 
67504 
57543 
67581 
67619 


10. 


42.V34 
42496 
42457 
42419 
423}>1 


to 


02865 
02870 
02874 
02879 
02884 


10 


,45399 
45365 
45332 
46298 
45265 


45  20 
45  28 
45  36 

45  44 

46  52 


9.54769 
64802 
64836 
84869 
54903 


9.97111 
97107 
97102 
97097 
97092 


9.576515 
67696 
67734 
67772 
67810 


10, 


42342 
42304 
42266 
42228 
42190 


10. 


02889 
02895 
03998 
02903 
02908 


d. 67849 
67887 
87925 
87963 
68001 


10.45231 
45198 
451&I 
46131 
46097 


20 


9  14  0 
13  62 
13  44 
13  36 
13  28 


9.5493(1 
64969 
65003 
65036 
65061) 


9.97087 
97083 
97078 
97073 
97068 


10, 


421^1 
42113 
42075 
42037 
41999 


10.02913 
02917 
02922 
02927 
02932 


10.45064 
46031 

44997 
44964 
44931 


13  20 
13  12 
13  4 
12  66 
12  48 


2  46  40 
46  48 

46  56 
47 

47  12 


9.55102 
55136 
55169 
55202 
55235 


9.97063 
97059 
97054 
97049 
97044 


9.68039 
68077 
68116 
88163 
88191 


10.02937 
02941 
02946 
02961 
418091   02966 


10.4196 
41923 
41885 
41847 


10.44898 
44864 
44831 
44798 
44766 


12  40 
IS  32 
12  24 
12  16 
12  8 
12  0 


2  47  20 
47  28 
47  36 
47  4t 
47  62 
48 


9.55268 
55301 
65334 
65367 
65400 
88433 


9.97039 
97035 
97030 
97025 
97020 
97016 


9.68229 
88267 
88304 
68342 
58380 
58418 


10.41771 
41733 
41696 
41658 


10.02961 
02968 
02970 
02978 
416201  03980 
41882   02988 


10.44732 
44699 
44666 
44633 
44600 
44667 


Kourp.M.  HourA, 


Co-sine. 


Sine. 


llODe^ 


Co-tang.  Tangent>Co-aec»m]  Secant 


Dtp,99. 


r 

f  . 

• 

TABLE  XXVII.                20 

Log.  Sines,  Tangents  and  Secants. 

21 

Degs. 

Degs.  158. 

M 

|HourA.M.IHourp.M. 

Sine. 

Co-sine. 

Tangent. 

Co-tang. 

Secant. 

Co- secant 

iM 

0 

9  12  0  2  48  0 

9.55433 

9.9701^ 

9.68418 

10.41582 

10.02985 

10.44567 

60 

1 

11  52   48  8 

55466 

97010 

58455 

41545 

02990 

44534 

59 

2 

11  44 

48  16 

55499 

97006 

68493 

41507 

029i»5 

44501 

58 

3 

11  36 

48  24 

55532 

97001 

68631 

41469 

0299') 

44468 

57 

4 

11  28 

48  32 

56564 

96996 

58569 

*41431 

03004 

•i4436 

56 

5 

9  11  20 

2  48  40 

9.55597 

9.96991 

9.58606 

10.41394 

10.03009 

10.44403 

55 

6 

11  12 

48  48 

65630 

96986 

68644 

41356 

03014 

44370 

54 

7 

11  4 

48  56 

65663 

96981 

68681 

41319 

03019 

44337 

53 

8 

10  56 

49  4 

65693 

969''6 

68719 

41281 

03024 

44305 

52 

9 

10  48 

4y  12 

6572g 

96971 

68757 

41243 

03029 

44272 

51 

10 

9  10  40 

2  49  20 

9.55761 

9.96966 

9.68794 

10.41206 

10.03034 

10.44239 

50 

11 

10  32 

49  28 

65793 

96962 

68882 

41168 

03038 

44207 

49 

12 

10  24 

49  36 

65826 

96967 

68869 

41131 

03043 

44174 

48 

13 

10  16 

49  44 

65858 

96952 

68907 

41093 

03048 

44142 

47 

14 

10  8 

49  52 

65891 

96947 

68944 

41056 

03063 

44109 

46 

15 

9  10  0 

2  50  0 

9.65923 

9.96942 

9.58981 

10.41019 

10.03058 

10.44077 

45 

16 

9  62 

60  8 

65956 

96937 

59019 

40981 

03063 

44044 

44 

17 

9  44 

60  16 

65988 

96932 

59056 

40944 

03068 

44012 

43 

18 

9  36 

60  24 

66021 

96927 

69094 

40906 

03073 

43979 

42 

19 

9  28 

.60  32 

66053 

96922 

69131 

40869 

03078 

43947 

41 

20 

9  9  20 

2  60  40 

9.56085 

9.96917 

9.69168 

10.40832 

10.03083 

10.43915 

40 

21 

9  12 

60  4« 

66118 

96912 

69206 

40796 

03088 

43882 

39 

22 

9  4 

60  66 

66150 

96907 

69243;   40757 

03093 

43850 

38 

23 

8  56 

61  4 

66182 

96903 

69280 

40720 

03097 

43818 

37  , 

24 

8  48 

61  12 

56215 

96898 

69317 

40683 

03102 

43785 

3G 

25 

9  8  40 

2  61  20 

9.66247 

9.96893 

9.69354 

10.40646 

10.03107 

10.43753 

35 

26 

8  32 

61  28 

66279 

96888 

69391 

40609 

03112 

437S1 

34 

27 

8  24 

61  36 

66311 

96883 

69429 

40671 

03117 

43689 

33 

28 

8  16 

61  44 

66343 

96878 

69466 

40534 

03122 

43657 

32 

29 

8  8 

61  52 

66375 

96873 

59503 

40497 

'03127 

43625 

31 

30 

9  8  0 

2  52  0 

9.66408 

9.96868 

9.59540 

10.40460 

10.03132 

10.43592 

•  30 

31 

7  62 

62  8 

66440 

96863 

69677 

40423 

03137 

43560 

29 

32 

7  44 

•62  16 

66472 

96858 

69614 

40386 

03142 

43528 

28 

33 

7  36 

62  24 

56504 

96853 

69651 

40349 

03147 

43496 

27 

34 

7  28 

62  32 

66536 

96848 

69688 

40312 

03152 

43464 

26 

35 

9  7  20 

2  62  40 

9.66568 

9.96843 

9.59725 

10.40275 

10.03157 

10.43432 

25 

36 

7  12 

62  48 

66599 

96838 

69762 

40238 

03162 

43401 

24 

37 

7  4 

62  56 

66631 

96833 

69799 

40201 

03167 

43369 

23 

38 

6  66 

63  4 

66663 

96828 

69835 

40165 

03172 

43337 

22 

39 

6  48 

63  12 

66696 

96823 

69872 

40128 

03177 

43305 

21 

40 

9  6  40 

2  63  20 

9.66727 

9.96818 

9.59909 

10.40091 

10.03182 

10.43273 

20 

41 

6  32 

63  28 

66759 

96813 

69946 

40064 

08187 

43'241 

19 

42 

6  24 

63  36 

66790 

96808 

69983 

40017 

03192 

43210 

18 

43 

6  16 

63  44 

56822 

96803 

60019 

39981 

03197 

43178 

17 

4H 

6  8 

63  62 

66854 

96798 

60056 

39944 

03202 

43146 

16 

45 

9  6  0 

2  64  0 

9.66886 

9.96793 

9.60093 

10.39907 

10.03207 

10.43114 

15 

46 

5  62 

64  8 

66917 

96788 

60130 

39870 

03212 

43083 

14 

47 

6  44 

64  16 

66949 

9678S 

60166 

39834 

03217 

43051 

13 

48 

5  36 

64  24 

66980 

96778 

60203 

39797 

03222 

43020 

12 

49 

6  28 

64  32 

67012 

96772 

60240 

39760 

03228 

42988 

11 

50 

9  6  20 

2  64  40 

9.67044 

9.96767 

9.60276 

10.39724 

10.03233 

10.42956 

10 

51 

5  12 

64  48 

67075 

96762 

60313 

39687 

03238 

42925 

•9 

62 

6  4 

64  66 

67107 

96767 

60349 

39661 

03248 

42893 

8 

53 

4  66 

66  4 

67138 

96762 

60386 

39614 

03248 

42862 

7 

54 

4  48 

66  12 

67169 

96747 

60422 

39678 

03253 

42831 

6 

53 

9  440 

2  66  20 

9.67201 

9.96742 

9.60469 

10.39541 

10.03258 

10.42799 

6 

56 

4  32 

66  28 

67232 

96737 

60496 

39606 

03263 

42768 

4 

57 

4S4 

65  36 

67264 

96732 

60632 

39468 

03268 

42736 

3 

58 

4  16 

66  44 

67295 

96727 

60668 

39432 

03273 

42705 

2 

59 

4  8 

66  62 

67326 

96722 

60606 

39396 

03278 

42674 

1 

oO 

4  0 

66  0 

67368 

96717 

60641 

•  39369 

03283 

42642 

0 

.^.v 
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TABLE  XXVn. 

Log.  Sines,  Tangents  and  Secants. 


•2  Degs. 

Degs.  157. 

M 

Hour  A.M. 

Hourp.M. 

Sine* 

Co-sine. 

Tangent. 

Co-tang.  Secant 

Co-Mvantl  M 

0 

9  4  0 

2  66  0 

9.67358 

9.96717 

9.60641 

10.39359  10.03283 

10.426421  60 

1   1 

8  62 

66  8 

67389 

96711 

60677 

393231   03289 

42611 

59-1 

2 

3  44 

66  16 

57420 

96706 

60714 

39286 

03294 

42580 

58 

3 

3  36 

66  24 

67451 

96701 

60760 

39250 

03299 

42549 

57 

4 

3  28 

66  32 

57482 

96696 

60786 

39214 

03304 

42518 

66 

6 

9  3  20 

2  56  40 

9.67514 

9.96691 

9.60823 

10.39177 

10.03309 

10.42486 

56 

6 

3  12 

56  48 

67545 

96686 

60859 

39141 

03314 

42455 

64 

7 

3  4 

56  56 

67576 

96681 

60895 

39105 

03319 

42424 

53 

8 

2  66 

67  4 

67607^ 

96676 

60931 

39069 

03324 

42S93 

52 

9 

2  48 

67  12 

67638 

96670 

60967 

39033 

03330 

42362 

51 

10 

9  2  40 

2  57  20 

9.57669 

9.96665 

9.61004 

to. 38996 

10.03335 

10.42331 

50 

11 

2  32 

67  28 

67700 

96660 

61040 

38960 

03340 

42300 

49 

12 

2  24 

67  36 

67731 

96655 

61076 

38924 

03345 

42269 

48 

13 

2  16 

67  44 

67762 

96650 

61112 

38888 

03350 

42238 

47 

It 

S  8 

67  62 

67793 

9664,5 

61148 

38852 

03355 

42207 

4^ 

15 

9  2  0 

2  58  Oi  9.^7824 

9.96640 

9.61184 

10.38816 

10.03360 

10.42176 

45 

16 

1  52 

68  8 

67855 

96634 

61220 

38780 

03366 

42145 

44 

17 

1  4^ 

68  16 

67885 

96629 

61256 

38744 

03371 

42116 

« 

18 

136 

68  24 

67916 

96624 

61292 

387081   03.576 

42084 

42  ' 

19 

1  23 

68  32 

67947 

96619 

61328 

38672 

03381 

42053 

41  i 

20 

9  1  20 

2  68  40 

9.57978 

9.96614 

9.61364 

10.38636 

10.03386 

10.42022 

40  1 

21 

1  12 

68  48 

68008 

96608 

61400 

38600 

08392 

41992 

39 

22 

1  4» 

68  66 

68039 

96603 

61436 

38564 

03397 

41961 

88 

23 

0  66 

69  4 

68070 

96598 

61472 

38528 

08402 

41930 

87 

24 

0  48 

69  12 

68101 

96593 

61608 

38492 

03407 

41899 

86 

'25 

9  0  40/ 

2  69  20 

9.68131 

9-96588 

9.61544 

10.38456 

10.03412 

10.41869 

35 

26 

.  0  52 

69  28 

68162 

96582 

61679 

38421 

03418 

41838 

84 

27 

0  24< 
0  161 

69  36 

68192 

96677 

61615 

38385 

03423 

41808 

33 

28 

59  44 

68223 

96672 

61651 

38349 

03428 

41777 

32 

29 

0  8 

69  52 

68263 

96567 

61687 

383 13 

03433 

41747 

81 

30 

9  0  0 

3  0  0 

9.58284 

9.96562 

9.61722 

10.38278 

10.03438 

10.41716 

80  ' 

31 

8  69  62/ 

0  8 

68314 

96556 

61758 

38242 

08444 

41686 

29 

32 

69  44 

0  16 

68345 

96551 

61794 

38206 

08449 

41655 

28  - 

33 

69  36 

0  24 

68375 

96546 

61830 

88170 

08454 

41626 

27  ; 

34 

59   28 

0  32 

58406 

96541 

61865 

38135 

03469 

41594 

26  ' 

35 

8  69  20 

3  0  40 

9.58436 

9.96535 

9.61901 

10.38099 

10.03465 

10.41564 

^  1 

36 

69  12 

0  48 

58467 

96530 

61936 

88064 

0347Q 

41683 

24  ' 

37 

69  4 

0  56 

68497 

96525 

61972 

38028 

08475 

41608 

23 

38 

68  56 

1  4 

58527 

96520 

62008 

87992 

08480 

41473 

2t 

39 

68  48 

1  12 

68557 

96514 

62043 

37957 

08486 

41443 

21 

40 

8  68  40 

3  1  20 

9.58588 

9.96509 

9.62079 

10.37921 

10.03491 

10.41412 

20 

41 

68  32 

1  28 

68618 

96504 

62114 

37886 

03496 

41382 

19 

42 

58  24 

1  36 

68648 

96498 

62150 

37860 

03602 

41352 

18 

43 

68  16 

1  44 

^678 

96493 

62186 

87816 

08607 

41822 

17 

44 

68  8 

1  52 

68709 

96488 

62221 

87779 

03612 

41291 

16  ! 

45 

8  68  0 

3  2  0 

9.68739 

9.96483 

9.62256 

10.37744 

10.03617 

10.41261 

15 

46 

67  52 

2  8 

68769 

96477 

62292 

37708 

03523 

41231 

14 

47 

67  44 

2  16 

68799 

96472 

62327 

37678 

08628 

41201 

13 

48 

67  36 

2  24 

68829 

96467 

62362 

37638 

03633 

41171 

IS 

49 

67  28 

2  32 

68869 

96461 

62398 

37602 

08689 

41141 

II 

50 

8  67  20 

3  2  40 

9.68889 

9.96466 

9.62433 

10.37867 

10.03644 

10.41111 

10 

61 

67  12 

2  48 

68919 

96451 

62468 

37632 

03649 

41081 

9 

52- 

67  4 

2  56 

68949 

96446 

62604 

37496 

03565 

41061 

8 

53 

66  66 

3  4 

68979 

96440 

62539 

37461 

03560 

41021 

T  1 

54 

66  48 

3  12 

69009 

96436 

62674 

37426 

03665 

40991 

•  I 

55 

8  66  40 

3  3  20 

9.69039 

9.96429 

9.62609 

10.37391 

10.08671 

10.40961 

5  1 

66 

66  32 

3  28 

69069 

96424 

62645 

37866 

08676 

40981 

4 
3 

57 

66  24 

3  36 

69098 

96419 

62680 

37320 

03581 

40902 

58 

66  16 

3  44 

69128 

96413 

62716 

87285 

03687 

40872 

*  1 

59 

56  8 

3  52 

69168 

^6408 

62760 

37260 

0369S 

4084S 

1 

60 

66  0 

4  0 

69186 

96403 

62786 

37216 

03597 

40812 

•  1 

xM 

Hourp.M. 

HourA.x. 

Co-sine. 

Sine. 

Cotang. 

Tangent. 

Co-wcaoi 

Docam. 

If  . 

112 

befrs.     ^• 

|i.£7 

TABLE  XXVII. 
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Log.  Sines,  Tangents  and  Secants. 

23  Degs. 

Dep».  1.56.J 

M 

HOUFA.M. 

Hourp.M.  Sine.  | 

Co-sine.  Tangent.'] 

Co-tan^.  Secant. 

Co-secaiui  M  ; 

0 

8  56  0 

3  4  0 

9.59188 

9.96403  9.627861 

10.37216  10.03697 

10.40812,  Go1 

1 

65  62 

4  8 

59218 

96397 

62820 

371801 

03603 

40782]  69  , 

2 

65  44 

4  16 

59247 

96392 

62856 

37145 

03608 

407.'>3'  nil 

3 

55  36 

4  24 

59277 

96387 

62890 

37110 

03613 

40723!  .-j? 

4 

55  28 

4  32 

59307 

96381 

62926 

37074 

03619 

4069.'ji  66 

5 

8  55  20 

3  4  40 

9.59336 

9.96376 

9.62961 

10.37039 

10.0362 1 

10.40()64  66 

6 

55  12 

4  48 

69366 

96370 

62996 

37004 

0,3630 

40634  54  ^ 

7 

55  4 

4  56 

59396 

96366 

63031 

86969 

03636 

40604  63 

8 

64  66 

6  4 

59425 

96360 

63066 

36934 

03640 

40675  62 

9 

54  48 

6  12 

59455 

96354 

63101 

36899 

03646 

40546'  51 

10 

8  54  40 

3  5  20 

9.59484 

9.96349 

9.63136 

10.36«65 

10.03661 

10.40516,  60 

11 

54  32 

6  28 

59514 

96343 

63170 

36830 

03657 

40486 

49 

12 

54  24 

6  36 

59543 

96338 

63206 

36795 

-  03662 

40457 

43 

13 

54  16 

6  44 

59573 

96333 

63240 

36760 

03667 

40427 

47 

14 

54  8 

6  52 

59602 

96327 

63275 

36725 

03673 

4039n|  46 

15 

8  54  0 

3  6  0 

9.69632 

9.96322 

9.63310 

10.36690 

10.03678 

10.40308 

45 

16 

53  52 

6  8 

59661 

96316 

63345 

3666r) 

03684 

40339 

44 

17 

53  44 

6  16 

69690 

96311 

63379 

36621 

03689 

40310 

43 

18 

53  36 

6  24 

59720 

96306 

63414 

36586 

03696 

40280 

42 

19 

53  28 

6  32 

59749 

96300 

63449 

36551 

03700 

40251 

41 

20 

8  53  20 

3  6  40 

9.59778 

9.96294 

9.63484 

10.36516 

10.03706 

10.40222 

40 

21 

63  12 

6  48 

59808 

96289 

63519 

36481 

03711 

40192 

39 

22 

53  4 

6  66 

59837 

96284 

63553 

36447 

03716 

40163 

38 

23 

52  56 

7  4 

59866 

96278 

63588 

36412 

03722 

40134 

37 

24 

52  48 

7  12^ 

59896 

96273 

63623 

36377 

03727 

40106 

36 

25 

8  52  40 

3  7  20 

9.59924 

9.96267 

9.63667 

10.36343 

10.03733 

10.40076 

36 

26 

52  32 

7  28 

69954 

96262 

63692 

36308 

03738 

40046 

34 

27 

52  24 

7  36 

59983 

96266 

63726 

36274 

03744 

40017 

33 

28 

.52  16 

7  44 

60012 

96251 

63761 

36239 

03749 

39988 

32 

29 

52  8 

7  52 

60041 

96245 

63796 

36204 

08765 

39969 

31 

30 

8  52  0 

3  8  0 

9.60070 

9.96240 

9.63830 

10.36170 

10.03760 

10.39930 

30 

31 

51  62 

8  8 

60099 

96234 

63866 

36135 

03766 

39901 

29 

32 

51  44 

8  16 

60128 

96229 

63899 

36101 

03771 

39872 

28 

33 

51  36 

8  24 

60157 

96223 

63934 

36066 

03777 

39843 

27 

34 

51  28 

8  32 

60186 

96218 

63968 

36032 

03782 

39814 

26 

35 

8  51  20 

3  8  40 

9.60215 

9.96212 

9.64003 

10.35997 

10.03788 

10.39785 

25 

36 

.  51  12 

8  48 

60244 

96207 

64037 

85963 

03793 

39756 

24 

37 

51  4 

8  56 

60273 

96201 

64072 

35928 

03799 

39727 

23 

38 

50  56 

9  4 

60302 

96196 

64106 

35894 

03804 

39698 

22 

39 

50  48 

9  12 

60331 

96190 

64140 

35860 

03810 

39669 

21 

40 

8  50  40 

3  9  20 

9.60359 

9.96186 

9.64175 

IQ. 35825 

10.03815 

10.39641 

20 

41 

50  32 

9  28 

60388 

96179 

64209 

36791 

03821 

39612 

19 

42 

50  24 

9  36 

60417 

96174 

64243 

85757 

0382G 

39583 

18 

43 

60  16 

9  44 

60446 

96168 

64278 

35722 

03832 

39654 

17 

4i 

50  8 

9  52 

60474 

96162 

64312 

35688 

03838 

39526 

16 

45 

8  50  0 

3  10  0 

9.60503 

9.96157 

9.64346 

10.35654 

10.03843 

10.39497 

16 

46 

49  52 

10  8 

60532 

96151 

'  64381 

35619 

0384S 

39468 

14 

47 

49  44 

10  16 

60561 

96146 

64416 

35585 

03854 

39439 

13 

48 

49  36 

10  24 

60589 

96140 

64449 

35561 

03860 

39411 

12 

49 

49  28 

10  32 

60618 

96135 

64483 

35517 

03866 

39382 

11 

60 

8  49  20 

3  10  40 

9.60646 

9.96129 

9.64517 

10.35483 

10.03871 

10.39354 

10 

51 

49  12 

10  48 

60675 

96123 

64652 

35448 

03877 

39326 

9 

52 

49  4 

10  56 

60704 

96118 

64586 

36414 

03882 

39296 

8 

63 

48  56 

11  4 

60732 

96112 

64620 

36380 

0388b 

39268 

7 

64 

48  48 

11  12 

60761 

.96107 

64654 

35346 

03893 

S9239 

6 

55 

8  48  40 

3  11  20 

9.60789 

9.96101 

9.64688 

10.35312 

10.03899 

10.39211 

5 

66 

48  32 

11  28 

60818 

96095 

64722 

35278 

0390S 

39182 

4 

67 

48  24 

11  36 

60846 

96090 

64766 

35244 

039 10 

39154 

3 

68 

48  16 

11  44 

60876 

96084 

64790 

35210 

03916 

■  39125 

2 

69 

48  8 

11  52 

60903 

96079 

64824 

35176 

03921 

39097 

1 

60 

48  0 

12  0 

60931 

96073 

64858 

35142 

0392T 

39069 

0 

M 

Hour  P.M. 

Hour^M. 

Co-sine. 

Sine. 

Co-tang. 'Twigent. 

Co-secantl  Secant. 

M 

113  Degs. 


.  J>eg8.  66. 


^  Dew. 


TABLE  XXVn. 

Log.  Sines,  Tangents  and  Secants; 


Pegs.  155. 


HoiirA.M.lHourp.M.      Sine.    |  Co-sine 


8  48  Ol 
47  621 
47  44 
47  36 
47  28 


12 
12 
12 
12 
12 


Tangent. I  Co-tiui^l  Secant.  {Co-$ccani|    M 


9.600311 
60960» 
60988 
61016 
61045 


9.96073 
96067 
96062 
96056 
96050 


9.64858 
64892 
64926 
64960 
64994 


10.35142;i0-0;;927 
35108   0393i 


35074 
35040 
35006 


03938 
03944 
03950 


10.39069 
39O40| 
39012 
38984 
38955 


60 
59 
58 
57 
56 


I  8  47  20 
47  12 
47  4 
46  56 
46  48 


3  12 
12 
12 
13 
13 


&. 61073 
61101 
61129 
61158 
61186 


9.96045 
96039 
96034 
96028 
96022 


9.65028 
65062 
65096 
65130 
651G4 


10.34972 

34938 
3-i904 
34370 
34836 


10.039.05 
03961 
03966 
03972 
03978 


10. 


38927 
38899 
38871 
38842 
38814 


56 
54 
53 
52 
51 


8  46  40 
46  32 
46  24 
46  16 
46  8 


13 
13 
13 
13 
13 


20 


36 


52 


9.61214 
61242 
61270 
61298 
61326 


9.96017 
96011 
96005 
96000 
95994 


9.65197 
65231 
65265 
65299 
65333 


10.34803 
34769 
34735 
34701 
34667 


10.03983 
03989 
03995 
04000 
04006 


10 


.38786 
38758 
38730 
38702 

38674 


8  46  0 
45  52 
45  44 
45  36 
45  28 


3  14 
14 
14 
t4 
14 


9.61354 
61382 
^1411 
61438 
61466 


9.95988 
95982 
95977 
95971 
95965 


9.653(i6 
65400 
65434 
65467 
65501 


10.3463^^ 
34600 
34566 
34533 
34499 


10.04012 
04018 
04023 
04029 
04035 


10.38646 
38618 
38589' 
38562 
88534 


50 
49 
4^ 
47 
46 


45 
44 
43 
42 
41 


45  20 
45  12 
45  4 
44  56 
44  48 


3  14 
14 
14 
15 
15 


9.61494 
61522 
61550 
61578 
61606 


9.95960 
95954 
95945 
95942 
95937 


9.65535 
65568 
65602 
65636 
65669 


10.34465 
34432 
34398 
34364 
34331 


10.04040 
04046 
04052 
04058 
04063 


10.38506 
38478 
38450 
38422 
38394 


40 
39 
38 
37 
36 


44  'U) 
44  32 
4-1  24 
44  16 
44  8 


3  15 
15 
15 
15 
16 


9.61634 
61662 
61689 
61717 
61745 


9.95931 
95925 
95920 
95914 
95908 


9.65703 
65736 
65770 
65803 
65837 


10.34297 
34264 
34230 
34197 
34163 


10.04069 
04075 
04080 
04086 
04092 


10.33366 
38338 
38311 
38283 
38255 


35 
34 
35 
32 
31 


8  44  0 
43  52 
43  44 
43  36 
43  28 


3  16 
16 
16 
16 
16 


9.61773 
61800 
61828 
61856 
61883 


9.95902 
95897 
95891 
95885 
95879 


9.65870 
65904 
65937 
65971 
66004 


10.34130 
34096 
34063 
34029 
33996 


10.04098 
04103 
04109 
04115 
04121 


10 


38227 

38200 
38172 


30 
29 
23 


38144  27 


38II7 


*6 


43  20 
43  12 
43  4 

42  56 
42  48 


16 
16 
16 
17 
17 


9.61911 
61939 
61966 
61994 

62021 


9.95873 
95368 
95862 
95856 
958.30 


9.66038 
66071 
6610-* 
66138 
66171 


10.3390': 
33929 
33896 
33862 
33829 


10.04127 
04132 
04i38 
0414^4 
04150 


.38089 
38061 


25 

2-. 


38034  23 
38(X>6!  22 
37979  21 


8  42  40 
42  32 
42  24 
42  16 
42 


3  17 
17 
17 
17 
17 


9.62049 
62076 
JG2104 
62131 
62159 


9.95844 
95839 
95833 
95827 
9582 1 


9.66204 
66238 
66271 
66304 
66337 


10.33796 
33762 
33729 
33696 
33663 


10.04156 
04161 
04167 
04173 
04179 


10 


37951 
37924 


20 
19 


37896  13 


37869 
37841 


17 
16 


8  42  0 
41  52 
41  U 
41  36 

41  28 


3  18 
18 

18 

18 

'     18 


9.62186 
62214 
62241 
62268 
62296 


9.95815 
95810 
95804 
95798 
95792 


9.66371 
CG404 
66437 
66470 
66503 


10.33629 
33596 
33563 
33530 
33497 


10.04185 
04190 
04196 
04202 
04208 


10 


.37rtl4 
37786 
37759 
3773; 
37704 


8  41  20 
41  12 
41  4 

40  56 
40  48 


3  18 
13 
18 
19 
19 


9.62323 
62350 
62377 
62405 
62432 


9.957o'6 
95780 
95775 

957(19 
95763 


9 . 6b j37 
66570 
66603 
66636 
66669 


10.33463 
33430 
33397 
33.364 
33331 


10.04214 
04220 
0-1.225 
04231 
04237 


8  40  40 
40  3: 
40  24 
40  16 
40  8 
40  0 


3  19 
19 
19 
19 
19 
20 


9.62459 
62486 
62513 
62541 
62568 
62595 


9.95757 
95751 
95745 
957.j9 
95733 
95721 


9.6(i70: 
66735 
66768 
66801 
66834 
66867 


10.3;J29u.  I  0.042  k: 
332651  04249 
332321 
33199 
33166 


10 


R». 


15 
14 
13 
12 

n 


3.1133 


04255 
04^61 
OJ  267 
04272 


37677 
37650 
37623 
37595 
37568 
37047 
37514 
371^7 
37459 
374H2 
37405 


10 
9 
8 
7 
6 

IT 

4 

S 
2 

I 
0 


1     Hoiirp.M.  HourA.M.  Co-fine.       Sine.      Co-lang.l  Tangent. ICo-Jict-aiu    ?>ecant.  j     M 
14  Dcg3.  -—--————  I>eg«.  6d 

.,      »^  uiyiuzt^u  uy  ■vjrv^ v_y pt  iv^ 


85  Dcgl 

M   .HourA.M.|HourpT 


8  40    01  3  20    Ol  9. 


TABLE  XXVIL  309 
Log.  Sines,  Tangents  and  Secants. 

Pegs.  154. 

i.|    Sine.    I  Co»aipeT  Tangent  |  Co-tang.{  Secant.  Co-aecantt  M 


39  521 
39  44| 
39  36 
39  28 


8  39  20 
39  12 
39  4 
38  b^ 
38  48 


8  38  40 
38  32 
SB  24 
38  16 
38  8 


I  38  0 
37  52 
37  44 
37  36 
37  28 


20 
20 
20 
20 


3  20 
20 
20 
21 
21 


3  21 
21 
21 
21 
21 


22 
22 
22 

22 
22 


62595 
62622 
62649 
62676 
62703 


.62730 
62757 
62784 
62811 
62838 


9. 


62865 
62892 
62918 
62945 
62972 


.62999 
63026 
63052 
63079 
63106 


9.95728 
96722 
95716 
95710 
96704 


9.95698 
95692 
96686 
95680 
95674 


9.95668 
95663 
95657 
95651 
95646 


9.96639 
95633 
95627 
95621 
96616 


9.66867 
66900 
66933 
66966 
66999 


10. 


9.6703210. 
67065 
67098 
67131 
67163 


9.6719610. 
67229 
67262 
67295 
67327 


9.6736010. 
67393 
67426 
67458 
67491 


33133il0. 

33100) 

33067 

33034 

33001 


32968  10. 

32936 

32902 

32869 

32837 


3280410. 

32771 

32738 

32705 

32673 


3264010 
32607 

32574 
32642 
32509 


04272 
04278 
04284 
04290 
04296 


10. 


04302  10. 

04308 

04314 

04320 

04326 


04832 
04337 
04343 
04349 
04^56 


04361 
04367 
04373 
04379 
04385 


37405 
37378 
37351 
37324 
37297 


37270 
37243 
87216 
37189 
37162  51 


10.37136 


60 
69 
68 
57 

66 

56 
54 
53 

52 


50 


37108  49 
37082  48 


37056 
37028 


10. 


37001 
36974 
36948 
36921 
36894 


47 
46 


45 
44 
43 

42 
41 


8  37  20 
87  12 
87  4 
86  66 
86  48 


8  22 
22 
22 
28 
23 


40  9. 
48 
66 
4 
12 


63133 
63159 
63186 
63213 
63239 


9.95609 
95603 
95597 
96691 
96686 


9.6762410 
67556 
67589 
67622 
67654 


32476 
82444 
32411 
32378 
82346 


10.04391 
04397 
04403 
04409 
04415 


10. 


36867 
86841 
36814 
36787 
86761 


8  86  40 
86  32 

86  24 
36  16 
36  8 


3  23 
28 
23 
23 
23 


20  9. 

28 
36 
44 
52 


63266 
63292 
63319 
63346 
63372 


9.96579 
96673 
96667 
96661 
96555 


9.67687 
67719 
67752 
67786 
67817 


10 


32313 

32281 
32248 
32215 
32183 


10.04421 
04427 
04433 
04439 
04445 


10 


36734 
36708 
36681 
36666 
36628 


40 
39 
38 
37 
86 

36 
34 
38 
82 
31 


8  36  0 
36  52 

35  4-1 

36  36 
86  28 


3  24 
U 
24 
24 
24 


.63398 
63425 
63401 
63473 
C3504 


9.96649 
96648 
96.537 
95531 

95625 


9.67b50 
67882 
67916 
67947 
67i80 


10.32150 
82118 
82085 
3«0.j3 
32020 


10.04461 
04467 
04463 
04469 
044'i 


1036602 
86675 
86549 
36522 
364% 


8  36  20 
36  12 
36  4 
34  56 
34  48 


3  24 
24 
24 
26 
25 


40*  9.63531 


63657 
63583 
63610 
63636 


,96619 
95513 
95507 
95500 
95494 


9.68'tl2 
68044 
68077 
68109 
68142 


10 


,319'?8 
319.36 
31923 
81891 
31858 


10 


04481 
04487 
04493 
04500 
04506 


10.364^)9 
86443 
36417 
36090 
36364 


30 
29 
28 
27 

26 

25 
24 
23 
22 
21 


8  84  40 
34  32 
84  24 
34  16 
84  8 


3  25 
26 
25 
26 
26 


9.63662 
63689 
63715 
63741 
63767 


9.95488 
96482 
95476 
96470 
96464 


9.6817410. 
68206 
68239 
68271 
68308 


31826 
31794 
31761 
31729 
31697 


10 


04512 
04ol8 
04o24 
04630 
04636 


10. 


36338 
36311 
36285 
362.'»9 
36233 


20 
19 
13 
17 
16 


8  34  0 
38  62 
33  44 
33  86 

38  28 


3  26 
26 
26 
26 
26 


9.68794 
63820 
63846 
63872 
63898 


9.95468 
96452 
96446 
96440 

•  96434 


9.6B336 
68368 
68400 
68432 
68466 


10 


31664  10 

31632 

31600 

31568 

31636 


0464210. 

04548 

04664 

04560 

04666 


86206 

36180 

86164 

36128- 

36102^ 


16 

*t3 
12 
11 


8  33  20 
S3  12 
33  4 
3S  66 
3S  48 


8  26 
26 
26 
27 
27 


9.63924 
63960 
68976 
64002 
64028 


9.96427 
96421 
96416 
96409 
96403 


9.68497 
68629 
68661 
68693 
68626 


10.31603  10 
81471 
31439 
81407 
31374 


.04573 
04579 
04586 
04591 
04697 


10.36076 
86060 
86024 
86998 

86972 


d  32  40 
St  32 
39  24 
3S  16 
38  8 
3S    0 


3  27  20 

27  28 
27  86 
27  44 

27  62 

28  0 


9.64064 
64080 
64106 
64132 
64168 
64184 


9.96897 
96891 
96384 
96878 
96872 
96866 


9.68658 
68690 
68722 
68764 
68786 
68818 


10.81342 
31310 
31278 
81246 
31214 
81182 


10. 04608|10. 36946 
36920 
86894 
868681 
86842 
86816 


04609 
04616 
04622 
04628 
04634 


>f    iHpurF.ii.tHoqrAji?  Coajne.  I    Sine. 
5  I>eg8.  Cg 


Co-tang.'iaMigeat.  Co>»ecaat  Secant  I   M 

uiyiuzt^u  uy         DmB.  C^« 
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TABLE  XXVII. 

26 

Log.  Sines,  Tangents  and  Secants. 
Degs.                                       Dep.l6a. 

M 

HOOTA.M. 

Hourp.M. 

Sine. 

Co-siife. 

Tangent. 

Co-tangJ 

Secant 

Co-9ecan^ 

M 

0 

8  32  0 

3  28  0 

9.64184 

9.96366 

9.68818 

10.31182 

10.046341 

10.36816 

60 

1 

31  52 

28  8 

64210 

96360 

68850 

31160 

04640 

36790 

69 

s 

31  44 

28  16 

64236 

95364 

68882 

31118 

04646 

35764 

68 

3 

31  36 

28  24 

64262 

95348 

68914 

31086 

04652 

36788 

67 

4 

31  28 

28  32 

64288 

95341 

68946 

31064 

04659 

35712 

66 

5 

8  31  20 

3  28  40 

9.64313 

9.95336 

9.68978 

10.31022 

10.04665 

10.35687 

65 

5 

31  12 

28  48 

64339 

95329 

69010 

30990 

04671 

36661 

64 

7 

31  4 

28  06 

64365 

96323 

69042 

30958 

04677 

3563^ 

63 

8 

30  66 

29  4 

64391 

96317 

69074 

30926 

04683 

35609 

62  • 

9 

30  48 

29  12 

64417 

95310 

69106 

30894 

04690 

36583 

61 

10 

8  30  40 

3  29  20 

9.64442 

9.95304 

9.69138 

10.30862 

10.04696 

10.35569 

60 

11 

30  32 

29  28 

64468 

95298 

69170 

30830 

04702 

36632 

49 

12 

30  24 

29  36 

64494 

96292 

69202 

30798 

04708 

36506 

48 

19 

30  16 

29  44 

64519 

95286 

69234 

30766 

04714 

^6^1 

47 

14 

30  8 

29  52 

64545 

95279 

69266 

30734 

04721 

36465 

46 

15 

8  30  0 

3  30  0 

9.64671 

9.95273 

9.69298 

10.30702 

10.04727 

10.35429 

46 

16 

29  52 

30  8 

64596 

96267 

69329 

30671 

04733 

44 

17 

29  44 

30  16 

64622 

96261 

69361 

30639 

04739 

36378 

43 

18 

29  36 

30  24 

64647 

96264 

69393 

30607 

04746 

35363 

42 

19 

29  28 

30  32 

64673 

95248 

69425 

30675 

04762 

35327 

41 

20 

8  29  20 

3  30  40 

9.64698 

9.95242 

9.69457 

10.30643 

10.04768 

10.36302 

40 

21 

29  12 

30  48 

64724 

96236 

69488 

30612 

04764 

36276 

39 

22 

29  4 

30  66 

64749 

96229 

69620 

30480 

04771 

36261 

38 

23 

28  56 

31  4 

64775 

96223 

69562 

30448 

04777 

S6226 

37 

24 

28  48 

31  12 

64800 

96217 

69684 

30416 

04783 

36200 

36 

25 

8  28  40 

3  31  20 

9.64826 

9.^5211 

9.69615 

10.30386 

10.04789 

10.36174 

36 

26 

28  32 

31  28 

64851 

95204 

69647 

30353 

04796 

36149 

34 

27 

28  24 

31  36 

64877 

95198 

69679 

30321 

04802 

36123 

33 

28 

28  16 

31  44 

64902 

95192 

69710 

30290 

04808 

36098 

32 

29 

28  8 

31  62 

64927 

96185 

69742 

30258 

04815 

35078 

31 

SO 

8  28  0 

3  32  0 

9.64953 

9.95179 

9.69774 

10.30226 

10.04821 

10.36047 

30 

31 

27  52 

32  8 

64978 

96173 

69805 

30195 

04827 

35022 

29 

32 

27  44 

32  16 

65003 

96167 

69837 

30163 

04833 

34997 

28 

33 

27  36 

32  24 

65029 

95160 

69868 

30132 

04840 

34971 

27 

34 

27  28 

32  32 

65054 

96154 

69900 

30100 

04846 

34946 

26 

35 

8  27  20 

3  32  40 

9.65079 

9.95148 

9.69932 

10.30068 

10.04862 

10.34921 

26 

36 

27  12 

32  48 

65104 

95141 

69963 

30037 

04869 

34896 

24 

37 

27  4 

32  56 

65130 

96135 

69996 

30006 

04866 

34870 

23 

38 

26  56 

33  4 

65156 

96129 

70026 

29974 

04871 

34846 

tt 

39 

26  48 

33  12 

65180 

.96122 

70068 

29942 

04878 

34820 

21 

40 

8  26  40 

3  33  20 

9.65205 

9.95116 

9.70089 

10.29911 

10.04884 

10.34795 

20 

41 

26  32 

33  28 

65230 

96110 

70121 

29879 

04890 

34770 

42 

26  24 

33  36 

65255 

96103 

70152 

29848 

04897 

34745 

43 

26  16 

33  44 

65281 

95097 

70184 

29816 

04903 

34719 

44 

26  8 

33  62 

66306 

96090 

70215 

29785 

04910 

34694 

45 

8  26  0 

3  34  0 

9.65331 

9.96084 

9.70247 

10.29763 

10.04916 

10.84669 

*   t 

25  52 

^34  8 

65356 

95078 

70278 

29722 

04922 

34644 

25  44 

34  16 

65381 

96071 

70309 

29691 

04929 

34619 

I 

48 

25  36 

34  24 

65406 

95066 

70341 

29659 

04936 

34694 

49 

25  28 

34  32 

65431 

96059 

70372 

29628 

04941 

34669 

50 

8  25  20 

3  34  4Q 

9.65456 

9.95052 

9.70404 

10.29596 

10.04948 

10.34644 

51 

25  12 

34  48 

66481 

96046 

70436 

29666 

04964 

34619 

62 

25  4 

34  56 

66506 

95039 

70466 

29634 

04961 

34494 

53 

24  56 

35  4 

65531 

95033 

70498 

29602 

04967 

34469 

64 

24  48 

35  12 

66556 

96027 

70629 

29471 

04973 

34444 

55 

8  24  40 

3  35  20 

9.65680 

9.95020 

9.70560 

10.29440 

10.04980 

10.34410 

66 

24  32 

35  28 

65605 

95014 

70592 

29408 

04986 

34396 

67 

24  24 

36  36 

65630 

95007 

706^ 

2937T 

04993 

34370 

68 

24  16 

36  44 

66666 

96001 

70664 

29346 

04999 

34346 

69 

24  8 

Sb  62 

65680 

94996 

70686 

29316 

06006 

34320 

60 

24  0 

36  0 

66705 

94988 

70717 

29283 

0601X 

34296 

M 

HourP.M.  HourA.M. 

Co-sine. 

Sine. 

Co-tMg. 

Tangent 

Go-seeanti 

Secant 

TT 

116 

Ucg.. 

uiyiLizeu-uy 

^feg^, 

M 
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«7Deg9. 

Degs.  15S 

•^ 

M 

HourA.if. 

Hourp.M. 

Sine. 

Co-sine. 

Tangent.  Co-tang. 

Secant. 

Co-secant 

M  , 

0 

8  24  0 

3  36  0 

9.66705 

9.94988 

9.70717 

10.29283 

10.06012 

10.34295 

60 

1 

23  62 

36  8 

65729 

94982 

70748 

29252 

05018 

34271 

59 

ft 

23  44 

36  16 

65754 

94975 

70779 

29221 

05025 

34246 

58 

3 

23  36 

36  24 

65779 

94969 

70810 

29190 

05031 

34221 

57 

4 

23  28 

36  32 

65804 

94962 

70841 

29169 

06038 

34196 

66 

d 

8  23  20 

3  36  40 

9.65828 

9.94956 

9.70873 

10.29127 

10.05044 

10.34172 

55 

6 

23  12 

36  48 

65863 

94949 

70904 

29096 

05051 

34147 

54 

7 

23  4 

36  66 

65878 

94943 

70936 

29065 

05057 

34122 

53 

8 

22  66 

37  4 

66902 

94936 

70966 

29034 

05064 

34098 

52 

9 

22  48 

37  12 

65927 

94930 

70997 

29003 

05070 

34073 

51 

10 

8  22  40 

3  37  20 

9.65952 

9.94^23 

9.71028 

10.28972 

10.05077 

10.34048 

50 

11 

22  32 

37  28 

65976 

94917 

71069 

28941 

05083 

34024 

49 

12 

«2  24 

37  36 

66001 

94911 

71090 

28910 

05089 

33999 

48 

13 

22  16 

37  44 

66025 

94904 

71121 

28879 

06096 

33975 

47 

14 

22  8 

37  52 

66050 

94898 

71163 

28847 

05102 

33950 

46 

15 

8  22  0 

3  38  0 

9.66075 

9.94891 

9.71184 

10.28816 

10.05109 

10.33925 

45' 

16 

21  52 

38  8 

66099 

94886 

71215 

28785 

05il5 

33901 

44 

17 

21  44 

38  16 

66124 

94878 

71246 

28754 

06122 

33876 

43 

18 

21  36 

38  24 

6614^ 

94871 

71277 

28723 

05129 

33862 

42 

19 

2i  28 

38  32 

66173 

94865 

71308 

28692 

05135 

33827 

41 

20 

8  21  20 

3  38  40 

9.66197 

9.94858 

9.71339 

10.28661 

10.05142 

10.33803 

40 

21 

21  12 

38  48 

66221 

94852 

71370 

28630 

06148 

33779 

39 

22 

21  4 

38  66 

66246 

94846 

71401 

28699 

05155 

33754 

38 

23 

20  56 

39  4 

66270 

94839 

71431 

28569 

05161 

33730 

37 

24 

20  43 

39  12 

66295 

94832 

71462 

28538 

05168 

33705 

36 

25 

8  20  40 

3  39  20 

9.66319 

9.94826 

9.71493 

10.28507 

10.05174 

10.33681 

35 

26 

20  32 

39  28 

66343 

94819 

71624 

28476 

05181 

33657 

34 

27 

20  24 

39  36 

66368 

94813 

71565 

28446 

05187 

33632 

33 

28 

20  16 

39  44 

66392 

94806 

71586 

28414 

05194 

33608 

32 

.29 

20  8 

39  52 

66416 

94799 

71617 

28383 

05201 

33584 

31 

SO 

8  20  0 

3  40  0 

9.66441 

9.94793 

y. 71648 

10.28352 

10.05207 

10.33569 

30 

31 

19  52 

40  8 

66465 

94786 

71679 

28321 

05214 

33536 

29 

32 

19  44 

40  16 

66489 

94780 

71709 

28291 
28260 

05220 

33511 

28 

33 

19  36 

40  24 

66513 

94773 

71740 

05227 

33487 

27 

34 

19  28 

40  32 

66537 

94767 

71771 

28229 

05233 

33463 

26 

35 

8  19  20 

3  40  40 

9.66562 

9.94760 

9.71802 

10.28198 

10.05240 

Ip.  334.38 

25 

36 

19  12 

40  48 

66586 

94753 

71833 

28167 

05247 

33414 

24 

37 

19  4 

40  66 

66610 

94747 

71863 

28137 

05253 

33390 

23 

38 

18  56 

41  4 

66634 

94740 

71894 

28106 

05260 

33366 

22 

39 

18  48 

41  12 

66658 

94734 

71925 

28075 

05266 

33342 

21 

40 

8  18  40 

3  41  20 

9.66682 

9.94727 

9.71956 

10.28045 

10.05273 

10.33318 

20 

41 

18  32 

41  28 

66706 

94720 

71986 

28014 

05280 

33294 

19 

42 

18  24 

41  36 

66731 

94714 

72017 

27983 

05286 

33269 

18 

43 

18  16 

41  44 

66755 

94707 

72048 

27952 

06293 

33245 

17 

44 

18  8 

41  62 

66779 

94700 

72078 

27922 

05300 

33221 

16 

45 

8  18  0 

3  42  0 

9.66803 

9.94694 

9.72109 

10.27891 

10.05306 

10.33197 

15 

46 

17  62 

42  8 

66827 

94687 

72140 

27860 

06313 

33173 

14 

47 

17  44 

42  16 

66851 

94680 

72170 

27830 

06120 

33149 

13 

48 

17  36 

42  24 

66875 

94674 

72201 

27799 

06326 

33125 

12 

49 

17  28 

42  32 

66899 

94667 

72231 

2T769 

05333 

33101 

U 

50 

8  17  20 

3  42  40 

9.66922 

9.94669 

9.72262 

10.27738 

10.05340 

10.33078 

to 

51 

17  12 

42  48 

66946 

94654 

72293 

27707 

06346 

33054 

9 

62 

17  4 

42  56 

66970 

94647 

72323 

27677 

05353 

33030 

8 

53 

16  56 

43  4 

66994 

94640 

72354 

27646 

05360 

'  33006 

7 

54 

16  48 

43  12 

67018 

94634 

72384 

27616 

05366 

32982 

6 

65 

8  16  40 

3  43  20 

9.67042 

9.94627 

9.72415 

10.27585 

10.05379 

10  32958 

6 

56 

16  32 

43  28 

67066 

94620 

72445 

27555 

05380 

32934 

4 

67 

16  24 

43  36 

67090 

94614 

72476 

27524 

06386 

3291C 

3 

68 

16  16 

43  44 

67113 

94607 

72606 

27494 

05393 

3288^ 

2 

69 

16  8 

43  62 

67137 

94600 

72637 

27463 

O6400 

32862 

1 

fiO 

ffi  0 

4A    n 

liTifii 

Q45f).'S 

72567 

27433 

06407 

3283C 

0 
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TABLE  XXVn. 
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Pegs.  151. 


M    !HoarA.M. 


Hoarp.M. 


Sine. 


Co-sine. 


Tangent 


Co-tang.   Secant.  |Co-«ecanti 


0  ' 

1  I 
2 


8  16  0 
15  52 
15  44 
15  36 
15  28 

8  15  20 
15  12 
15 
14  56 
14  48 

8  14  40 
14  32 
14  24 
14  16 
14  8 

8  14  0 
13  52 
13  44 
13  36 
13  28 


13  20 
13  12 
13  4 
12  56 
12  48 


8  12  40 
12  32 
12  24 
12  16 
12  8 


8  12  0 
11  52 
11 
11  36 
11  28 


8  11  20 
11  12 
11  4 
10  56 
10  48 


40  8  10  40 

41  10  32 

42  .  to  24 
43.  10  16 
44    10  8 


8 


10 
9  52 
9  44 
9  36 

9  28 


9  20 
9  12 
9  4 
8  66 
8  48 


3  44 
44 
44  16 
44  24 
44  32 

3  44  40 
44  48 

44  56 
46  4 

45  12 

3  45  20 
45  28 
45  36 
45  44 
45  62 


3  46 
46 
46  16 
46  24 
46  32 


9.67161 
67185 
67208 
67232 
67256 

9.67280 
67303 
67327 
67960 
67374 

9.67398 
67421 
67445 
67468 
67492 

9.67515 
67539 
67562 
67586 
67609 


9.94593 
94587 
94580 
94573 
94567 

9.94560 
94553 
94546 
94540 
94533 

9.94526 
94519 
94513 
94506 
94499 

9.94492 
94485 
94479 
94472 
94465 


9.72567 
72598 
72628 
72659 
72689 

9.72720 
72750 
7«730 
72811 
72841 


10.32839  60 
32815  59 
32791  b» 
32768  57 
32744  56 


10.32720  55 
32697 
32673 
32650  52 


32626 


10.27128 
27098 
27068 
27037 
27007 

10.26977 
26946 
26916 
26886 
26856 


.0547410 


3  46  40 
46  48 

46  56 

47  4 

47  12 


9.676:^3 
67656 
67680 
67703 
67726 


9.94458 
94451 
94445 
94438 
94431 


9.73175 
73205 
73235 
73265 
73295 


10.26825 
26795 
26765 
26735 
26705 


10.05542 
05549 
05555 
05562 
05569 


3  47  20 
47  28 
47  36 
47  44 
47  52 


9.67750 
67773 
67796 
67820 
67843 


3  48 
48 
48  16 
48  24 
48  32 


9.67o66 
67890 
67913 
67936 
671159 


3  48  40 
48  48 

48  66 

49  4 
49  12 


9.67982 
68006 
68029 
68052 
68075 


3  49  20 
49  28 
49  36 
49  44 
49  52 


9.68098 
68121 
68144 
68167 
68190 


3  50 
60 
60  16 
50  24 
50  32 


9.68213 
68237 
68260 
68283 
68305 


3  50  40 
60  48 

50  56 

51  4 
51  12 


9.68328 
68351 
68374 
68397 
68420 


8  8  40  3  51  20  9.68443 

8  32  61   28   68466 

8  24  51  36   68489 

8  16  61  44   68612 

8  8  51  52   68634 

_  8  0  62  0|   68557 


Hoorp.M.lHourA.M. 


MHRiT 


Co-sine. 


.94424 
94417 
94410 
94404 
94397 


.73326 
73356 
73386 
73416 
73446 


10. 


26674 
26644 
26614 
26584 
265.H 


10 


05576 
06583 
05590 
06596 
05603 


9.94390 
94383 
94376 
94369 
94362 


9.73476 
73507 
73537 
73567 
73597 


10 


^524 
26493 
26463 
26433 
26403 


10. 


9.94355 
94349 
94342 
94335 
94328 


9.73627 
73657 
73687 
78717 
73747 


10.26373 
26343 
26313 
26283 
26253 


05645|10 

05651 

05658 

05665 

05672 


9.94321 
94314 
94307 
94300 
94293 


9.73777 
73807 
73837 
73867 
73897 


10.26223 
26193 
26163 
26133 
26103 


10.06679 
05686 
06693 
06700 
06707 


.94286 
94279 
94273 
94266 
94259 


9.73927 
73957 
73987 
74017 
74047 


10.26073 
26043 
26013 
25983 
25953 


9.94252 
94245 
94238 
94231 
94224 


9.74077 
74107 
74137 
74166 
74196 


10.25923 
25893 
25863 
25834 
25804 


10.05748 
05756 
05762 
06769 
06776 


9.94217 
94210 
94S03 
94196 
94189 
9418! 


9.74226 
74:t56 
74286 
74316 
7434V6 
743]y 


10.25774 
25744 
S5714 
25684 
85655 
25625 


10.05783 
05790 
05797 
05804 
05811 
05818 


10. 


32134 
32110 
32087 
32064  27 
32041 


.31902  SO 
31879  19 
31856  19 
31833  17 
31810  16 


10 


31787 
31763 
31740 
3ni7 
31695 


10.31672 
31649 
31626 
31603 
31580 


10.31557 
31534 
31511 
31488 
31466 
31443 


^  Co-tan^  t,  TaneeBt.k^otecMnrSecant.  1    M 

Dc«i.6K 
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TABLE  XXVIL 

Log.  Sues,  TangoitB  and  Secants. 


Co-nae.  [Tangent 


3J 


Bi#i.lg( 


Secant.  €>o-fecMit 


8  0 
7  62 
7  44 
7  36 
7  28 


BiB 


3^ 
52 
62  16 
52  24 
62  32 


Sine. 


9.68567 
68580 
68603 
68625 
68648 


Co-tang. 


9.94182   9.74375 
941751      74405 


94168 
94161 
94154 


74435 
74465 
74494 


10.25625 
35595 
25565 
25536 
26506 


10.05818 
06825 
05832 
05839 
05846 


10.31443 
31420 
31897 
31375 
31352 


M 


60 
59 
58 
57 
66 


7  20 
7  12 
7  4 
6  56 

6  48 


3  62  40 
52  48 

52  56 
63  4 

53  12 


9.68671 
68694 
68716 
68739 
68762 


9.94147 
94140 
94133 
94126 
94119 


9.7452410 
74554 
74683 
74613 
74643 


25476 
25446 
25417 
26387 
26357 


10 


06853 
06860 
05867 
06874 
05881 


10 


31329 
31306 
31284 
31261 
31238 


65 
54 

63 
52 
51 


6  40 
6  32 
6  24 
6  16 
6  8 


3  63  20 
63  28 
53  36 
53  44 
63  52 


9.68784 
68807 


68852 
68875 


9.94112 
94105 
94098 
94090 
94083 


9.74673 
74702 
74732 
74762 
74791 


10. 


26327 
26298 
25268 
25238 
25209 


10 


05888 
05895 
05902 
05910 
06917 


10 


31216 
31193 
31171 
31148 
31125 


50 
49 
48 
47 
46 


3  54  0 
64  8 
64  16 

54  24 
54  32 


9.68897 
68920 
68942 
68955 
68987 


9.94076 
94069 
94062 
94055 
94048 


9.74821 
74851 
74880 
74910 
74939 


10.25179 
25149 
25120 
25090 
25061 


10.05924 
06931 
05938 
05945 
05952 


10.31103 
3J080 
31058 
31035 
31013 


46 
44 
43 
42 
41 


6  20 

5  12 

6  4 
4  66 
4  48 


3  54  40 
54  48 
54  56 

65  4 

66  12 


9.69010 
69032 
69056 
69077 
69100 


9.94041 
94034 
94027 
94020 
94012 


9.74969 
74998 
76028 
75058 
T5087 


10 


25031 
25002 
24972 
24942 
24913 


10 


06959 
06966 
06973 
06980 
05988 


10. 


30990 
30968 
30945 
30923.  37 
30900]  36 


40 
99 

38 


25 
26 
27 
28 
29 


8  4  40 
4  32 
424 
4  16 
4  8 


3  55  20 
55  28 

55  36 

56  44 

66  52 


9.69122 
69144 
69167 
69189 
69212 


.94006 
93998 
93991 
93984 
93977 


9.75117 
76146 
75176 
75205 
75235 


10. 


24883 
24854 
24824 
24795 
24765 


10 


0599510, 

06002 

06009 

06016 

06O23 


30878 
30856 
30833 
30811 
30788 


35 
34 
33 
32 
31 


30 
91 
32 
93 
34 


4  0 
8  62 
3  44 
3  36 
8  28 


3  66 
66 
86  16 
66  24 
66  32 


9.69234 
69256 
69279 
69301 
69323 


9.93970 
93963 
93955 
93948 
93941 


9.75264 
75294 
75323 
76353 
75882 


10.24736 
24706 
24677 
24647 
24618 


10.06030 
06037 
06045 
06052 
06059 


10.30766 
30744 
30721 
30699 
30677 


30 
29 
28 
27 
26 


35 
36 
37 
38 
39 


3  20 
8  12 
3  4 
2  66 
2  48 


66  40 
66  48 

66  56 
67 

67  12 


9.69345 
69368 
69390 
69412 
69434 


9.93934 
93927 
93920 
93912 


9.75411 

76441 

76470 

76500 

939061   76629 


10.24589 
24659 
24630 
24500 
24471 


10.06066 
06073 
06080 
06088 
06096 


10.30655 

30632 
80610 
80588 
305G6 


25 

24 
23 
22 
21 


40 
41 
42 

43 


2  40 
2  32 
2  24 

2  16 
2  8 


8  57  20 
67  28 
67  36 
57  44 
67  52 


9.69456 
69479 
69501 
69623 
69545 


9.93898 
93891 
98884 
98876 
93869 


9.76658 
76688 
76617 
76647 
76676 


10, 


24442 
24412 
24383 
24353 
24324 


10 


06102 
06109 
06116 
06124 
06131 


10. 


30544 
30521 
80499 
80477 
30455 


W 


20 
19 
18 
17 
16 


45 
46 
47 
48 
49 


2  0 
1  62 
1  44 

1  36 
1  28 


3  68 
68 
66  16 
68  24 
68  32 


9.69567 
69589 
69611 
69633 
69655 


9.93862 
98866 
98847 
93840 
93833 


9.75705 
76735 
76764 
76793 
75822 


10 


24295 
24265 
24236 
24207 
24178 


10 


06138 
06145 
06153 
06160 
06167 


30433 
30411 
30389 
30367 
30345 


15 
14 
13 
12 
11 


50 
61 
62 
58 
64 


1  20 
1  12 
1  4 

0  66 

0  48 


8  68  40 

68  48 
66  56 
59  4 

69  12 


9.6'J677 
69699 
69721 
69743 
69765 


9.938!26 
93819 
93811 
98804 
93797 


9.75852 
75881 
75910 
75939 
76969 


10.24148  10.0617410 
24119       06181 


24090 
24061 
24031 


06189 
06196 
06203 


30323 
30301 
30279 
30257 
30235 


10 
9 
8 

7 
6 


0  40 
0  32 
0  24 
0  16 
0  8| 
0 


rli 


8  69  20 
69  28 
69  36 
69  44 
69  62 

4  0  0 


9.69787 
69809 
69831 
68853 
69875 
69897 


9.93789 
93782 
93775 
93768 
93760 
93753 


9.75998 
76027 
76056 
76086 
7C115 
76144 


10.24002 
23973 
23944 
23914 
23886 
23856 


10.06211 
06218 
06225 
06232 
06240 
06247 


10.30218 
3019r 
30169 
30147 
30125 
30103 


M    Hourpji.|HoiirA.g.  Co-aine. 
119  Oeg^. 


Sine. 


Co-tang.|yangent.Co'tecant»  Secant.  I    M 
;  J>egi.§Q 


U4 


30  Pegs.  ^ 


TABLE  XXVIL 

Log.  Sines,  Tangents  and  Secants^ 


Secant. 


Pegs.  149. 


HOUTA.M. 


Hourp.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang, 


Co-secant 


0  0 
69  62 
59 
69  36 
69  28 


9.69897 
69919 
69941 
69963 
69984 


9.93763 
93746 
93738 
93731 
93724 


9.76144 
76173 
76202 
76231 
76261 


10.23866 
23827 
23798 
23769 
23739 


10.06247 
06264 
06262 
06269 
06276 


10.30103 
30081 
80069 
30037 
30016 


60 
69 
68 
67 
66 


7  69  20 
69  12 
69  4 
68  66 
68  48 


9.70006 
70028 
70060 
70072 
70093 


9.93-/17 
93709 
93702 
93696 
93687 


9.7^90 
76319 
76348 
76377 
76406 


10.2371010.06283 
06291 
06298 
06306 


23681 
23662 
23623 
23694 


10.29994 
29972 
29960 
29928 
063131      29907 


65 
54 

63 
62 
51 


7  68  40 
68  32 
68  24 
68  16 
68  8 


9.70116 
70137 
70169 
70180 
70202 


.93630 
93673 
93666 
93668 
93660 


9.76436 
76464 
76493 
76622 
76661 


10. 


23665 
23636 
23607 
23478 
23449 


10.0632010.29386  60 
06327  29863  49 
06336  29841  48 
06342  29820  47 
06360   29798  46 


7  68  0 
67  62 
67  44 
67  36 
67  28 


4  2 
2 
2 
2 
2 


9.70224 
70245 
70267 
70288 
70310 


.93643 
93636 
93628 
93621 
93614 


9.76580 
76609 
76639 
76668 
76697 


10 


.2342010 

23391 

23361 

23332 

23303 


0635710.29776 
06364^   29755 


06372 
06379 
06386 


46 
44 

297331  43 


29712 
29690  41 


7  67  20 
67  12 
67  4 
66  66 
&$  48 


2  40 
2  48 

2  66 

3  4 
3  12 


9.70332 
70363 
70376 
70896 
70418 


9.93606 
93599 
93691 
93684 
93677 


9.76726 
76764 
76783 
76812 
76841 


10.23276 
23246 
23217 
23188 
23169 


10.06394|10. 29668 
89647 
29626 
29604 
29682 


06401 
06409 
06416 
06423 


40 
39 

3a 

37 
36 


7  66  40 
66  32 
66  24 
66  16 
66  8 


3  20 
3  28 
3  36 
3  44 
3  62 


9.70439 
70461 

'  70482 
70504 
70626 


9  93669 
93562 
93564 
93647 
93689 


9.76870 
76899 
76928 
76967 
76986 


10.23130 
23101 
23072 
23043 
23014 


10.06431 
06438 
06446 
06463 
06461 


10.29561 
296S9 
29618 
29496 
29475 


36 
84 

38 
32 
31 


66  0 
65  62 

55  44 

56  36 
65  28 


4 
4 
4  16 
4  24 
4  32 


9.70547 
70668 
70690 
70611 
70633 


9.93632 
93525 
93617 
93610 
93602 


9.77016 
77044 
77073 
77101 
77130 


10.22986 
22966 
22927 
22899 
22870 


10.06468 
06475 
06483 
06490 
06498 


10.29463 
29432 
29410 
29389 
29367 


30 
29 
28 
27 
26 


7  55  20 
66  12 
65  4 
64  66 
64  48 


4  40 
4  48 
4  66 
6  4 
6  12 


9.70654 
70675 
70697 
70718 
70739 


9.93496 
93487 
93480 
93472 
93465 


9.77159 
77188 
77217 
77246 
77274 


10.22841 
22812 
22783 
22764 
22726 


10.06606 
06613 
06520 
06628 
06686 


10.29346 
29325 
29308 
29282 
29261 


26 
24 
23 
22 

21 


7  64  40 
54  32 
64  24 
64  16 
64  8 


6  20 
6  28 
6  36 
6  44 
6  52 


9.70761 
70782 
70803 
70824 
70846 


9.93457 
93450 
93442 
93435 
93427 


9.77303 
77332 
77361 
77390 
77413 


10 


,22697 
22668 
22639 
22610 
22582 


10.06543 
06650 
06668 
06665 
06673 


10.29239 
29218 
291^7 
29176 
29154 


20 
19 
18 
17 
16 


7  64  0 
63  62 
63  44 
63  36 
63  28 


6 
6 

6  16 
6  24 
6  32 


9.70867 
70888 
70909 
70931 
70962 


9.93420 
93412 
93405 
93397 
93390 


9.77447 
77476 
77606 
77633 
77662 


10. 


22553 
22624 
22495 
22467 
22438 


10.06580 
06588 
06696 
06603 
06610 


10.29183 
29112 
29091 
29069 
29048 


16 
14 
13 
IS 
II 


63  20 
63  12 
68  4 
62  66 
62  48 


6  40 
6  48 

6  56 

7  4 
7  12 


9.70973 
70994 
71015 
71036 
71058 


9.93382 
93375 
93367 
93360 
93352 


9.77691 
77619 
77648 
77677 
77706 


10.2240910.06618 


22381 
22862 
22823 

22294 


06626 
06683 
06640 
06648 


10.29027 
29006 
28986 
28964 
28942 


10 
9 

8 
7 
6 


7  62  40 
62  32 
62  24 
62  16 
62  8 
62  0 


7  20 
7  28 
7  36 
7  44 

7  62 

8  0 


9.71079 
71100 
71121 
71142 
71163 
71184 


9.93344 
93337 
93329 
93322 
93314 
93807 


9.77734|10.22266 
22237 
22209 
22180 
22161 
22123 


77763 
77791 
77820 
77849 
77877 


10.06666 
06668 
06671 
06678 
06686 
06698 


10.28921 
28900 
28879 
28868 
28837 
28816 


Co-tang.lTangent.^Co>aecani'  SeCTPtT 


M    Hourp.M.|HourA.M.I  Co-sine. 
120  DtgtT 


Sine. 


■RST® 


TABLE  XXVII.                21 

Log.  Sines,  Tangents  and  Secants. 

31  bens. 

Dec.  148. 

M 

Hour  A  .M. 

Hourp.M. 

Sine.  ,  Co-sine. 

Tangent. 

Co-tang.  Secant. 

Ce-secant 

M 

0 

7  62  0 

4  8  0 

9.71184 

9.93307 

9.77877 

10. 22123I1O. 06693 

10.28816 

60 

1 

51  52 

8  8 

71205 

93299 

77906 

220941   06701 

28795 

59 

2 

61  44 

8  16 

71226 

93291 

77935 

22065   06709 

28774 

68 

3 

61  36 

8  24 

71247 

93284 

77963 

22037,   06716 

28753 

57 

4 

51  28 

8  32 

71268 

93276 

77992 

22008 

06724 

28732 

56 

6 

7  51  20 

4  8  40 

9.71289 

9.93269 

9.78020 

10.21980 

10.06731 

10.28711 

55 

6 

51  12 

8  48 

71310 

93261 

78049 

21951 

06739 

28690 

54 

7 

51  4 

8  66 

71331 

93253 

78077 

21923 

06747 

28669 

53 

8 

50  56 

9  4 

71362 

93246 

78106 

21894 

06754 

28648 

52 

9 

60  48 

9  12 

71373 

93238 

78135 

21865 

06762 

28627 

51 

10 

7  60  40 

4  9  20 

9.71393 

9.932;50 

9.78163 

10.21837 

10.06770 

10.28607 

50 

11 

50  32 

9  28 

71414 

93223 

78192 

21808 

06777 

28586 

49 

12 

50  24 

9  36 

71436 

93215 

78220 

21780 

06785 

28565 

48 

13 

50  16 

9  44 

71456 

93207 

78249 

21751 

06793 

28544 

47 

14 

50  8 

9  52 

71477 

93200 

78277 

21723 

06800 

28523 

46 

15 

7  60  0 

4  10  0 

9.71498 

9.S3192 

9.78306 

10.21694 

10.06808 

10.28502 

45 

16 

49  62 

10  8 

71519 

93184 

78334 

21666 

06816 

28481 

44 

17 

49  44 

10  16 

71639 

93177 

78363 

21637 

06823 

28461 

43 

18 

49  36 

10  24 

71660 

93169 

78391 

21609 

06831 

28440 

42 

19 

49  28 

10  32 

71581 

93161 

78419 

21581 

06839 

28419 

41 

20 

7  49  20 

4  10  40 

9.71602 

9.S3164 

9.78448 

I0.21662ll0.06846 

10.28398 

40 

21 

49  12 

10  48 

71622 

93146 

78476 

2162^ 

06854 

28378 

39 

22 

49  4 

10  56 

71643 

93138 

78605 

21495 

06862 

28357 

38 

23 

48  56 

11  4 

71664 

93131 

78633 

21467 

06869 

28336 

37 

24 

48  48 

11  12 

71686 

93123 

78562 

21438 

06877 

28315 

36 

25 

7  48  40 

4  11  20 

9.71705 

9.93116 

9.78590 

10.21410 

10.06885 

10.28296 

36 

26 

48  32 

11  28 

71726 

931QB 

78618 

21382 

06892 

28274 

34 

27 

48  24 

11  36 

71747 

931(D 

78647 

21353 

06900 

28253 

33 

28 

48  16 

11  44 

71767 

93032 

78676 

21325 

06908 

28233 

32 

29 

48  .8 

11  52 

71788 

93084 

78704 

21296 

06916 

28212 

31 

30 

7  48  0 

4  12  0 

9.71809 

9.93077 

9.78732 

10.21268 

10.06923 

10.28191 

30 

31 

47  52 

12  8 

71829 

93069 

78760 

21240 

06931 

28171 

29 

32 

47  44 

12  16 

71850 

93061 

78789 

21211 

06939 

28150 

28 

33 

47  36 

12  24 

71870 

93054 

78817 

21183 

06947 

28130 

27 

34 

47  28 

12  32 

71891 

9304( 

78845 

21156 

06954 

28109 

26 

36 

7  47  20 

4  12  40 

9.71911 

9.93038 

9.78874 

10.21126  10.06962 

10.28089 

25 

36 

47  12 

12  48 

71932 

9303C 

78902 

21098 

06970 

28068 

24 

37 

47  4 

12  56 

71952 

93022 

78930 

21070 

06978 

28048 

23 

38 

46  56 

13  4 

71973 

93014 

78959 

21041 

06986 

28027 

22 

39 

46  48 

13  12 

71994 

93001 

78987 

2IOI3I 

06993 

28006 

21 

40 

7  46  40 

4  13  20 

9.72014 

9.9299^ 

9.79015 

10.20986'10.07001 

10.27986 

20 

41 

46  32 

13  28 

72034 

92991'   79043 

20957'   07009 

27966 

19 

42 

46  24 

13  36 

72055 

•92983   79072 

20928   07017 
209001   07024 

27945 

18 

43 

46  16 

13  44 

72075 

92976   79100 

27925 

17 

44 

46  8 

13  62 

72096 

92968   79128 

20872J   07032 

27904 
10.27884 

16 

46 

7  46  0 

4  14  0 

9.72116 

9.92960  9.79156 

10.20844)10.07040 

15 

46 

45  62 

14  8 

72137 

92962   79186 

20819   07048 

27863 

14 

47 

45  44 

14  16 

72157 

92944   79213 

20787 

07056 

27843 

13 

48 

45  36 

14  24 

7217*^ 

9293S   79241 

20759 

07064 

27823 

12 

49 

45  28 

14  32 

72198 

92929   79269 

20731 

07071 

27802 

11 

50 

7  46  20 

4  14  40 

9.72218 

9.92921  9.79297 

10.20703 

10.07079 

10.27782 

10 

61 

45  12 

14  48 

72238 

92913   79326 

20674 

07087 

27762 

9 

62 

45  4 

14  56 

72259 

92905   79354 

20646 

07095 

27741 

8 

53 

44  56 

15  4 

72279 

92897   79382 

20618 

07103 

27721 

7 

54 

44  48 

15  12 

72299 

92889   79410 

20590 

07111 

27701 

6 

56 

7  44  40 

4  15  20 

9.72320 

9.92881  9.79438 

10.20562,10.07119 

10.27680 

5 

56 

44  32 

15  28 

72340 

92874   79466 

20534 

07126 

27660 

4 

67 

44  24 

15  36 

72360 

92866   79495 

20506 

07184 

27640 

3 

68 

44  16 

16  44 

72381 

92868   79623 

20477 

07142 

27619 

2 

69 

44  8 

15  6i 

72401 

92860)   79551 

20449 

07150 

27599 

1 

60 

44  0 

16  0 

72421 

928421   79579 

20421 

07158 

27579 

0 

M 

Hourp.M. 

HouTA.ir.f  Cp^sine. 

Sine.   Co-taqir. 

Tangent. 

Co-iecaot 

Secant. 

M 

121 

Degs. 

,jiyiLizt!U 

jy  ^^^''^ 

^^DeM. 

58. 

216 


32  Degg. 


TABLE  XXVU- 
Log[.  Sines,  Tangents  and  Seomtii 


M  HourA.w. 


0 

1 
2 
S 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


15 
16 
17 
18 
19 


20 
21 

22 
23 

24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


36 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 


60 
61 
62 
63 
54 


7  44 
43 

43 

43 
43 


7  43 
43 
43 

42 
42 


7  42 
42 

42 

42 

.  42 


7  42 
41 
41 
41 
41 


7  41 
41 
41 

40 
40 


20  4  18  40 
18 

18  66 

19  4 
19  12 


7  40 
40 
40 
40 
40 


7  40 
39 
39 
39 
39 


7  39 
39 
39 
38 
38 


7  38 
38 
38 
38 
38 


7  38 
37 
37 
37 
37 


7  37 
37 
37 
36 
36 


Hourp.M. 
0 

8 


16 
16 
16  16 
16  24 
16  32 


4  16  40 
16  48 

16  66 

17  4 
17  12 


17  20 
17  28 
17  36 
17 
17  62 


18 
18 
18  16 
18  24 
18  32 


4  19  20 
19  28 
19  36 
19 

19  621 


0  4  20 


20 

20  16 
20  24 
20  32 


4  20  40 
20  48 

20  66 

21  4 
21  12 


4  21  20 
21  28 
21  36 
21  44 
21  62 


22 
22 
22  16 
'22  24 
22  32 


4  22  40 
22  48 

22  66 

23  4 
23  12 


Sine,  r  Co-sine. 


9.72421 
72441 
72461 
72482 
725021 


9.72522 
72542 
72562 
72582 
72602 


9.72622 
72643 
72663 
72683 
72703 


9.92842 
92834 
92826 
92818 
92810 


iBngent. 


9.92803 
92795 
92787 
92779 
92771 


9.92763 
92765 
92747 
92739 
92731 


9.72723 

72743 
72763 
72783 
72803 


9.72823 
72843 
72863 
72883 
72902 


9.72922 
72942 
72962 
72982 
73002 


9.73022 
73041 
73061 
73081 
73101 


9.73121 
73140 
73160 
73180 
73200 


9.73219 
73239 
73259 
73278 
73298 


9.73318 
73387 
73357 
73377 
73396 


9.73416 
73435 
73456 
73474 
73494 


9.92723 
92715 
92707 
92699 
92691 


9.92683 
92675 
92667 
92669 
92661 


92636 
92627* 


9.7957910.20421 
20393 


79607 
79635 
T9663 
79691 


79747 
79776 
79804 


79832 


79888 
79916 
79944 
79972 


Cotang. 


20365 
20337 
20309 


9.79719|10. 20281 
20253 
20224 
20196 
20168 


9.79860  10.20140  K) 


20112 
20084 
20056 
20028 


9.8000010. 
80028 
80056 
80084 
80112 


9.8014010 
80168 
80195 
80223 
80251 


9.92643  9.80279 


80307 
80836 
92619  80363 
92611       80391 


9.92603 
9259£ 
9258' 
9267) 
92571 


9.925© 
925£5 
92546 
92538 
9253'J 


9.92522 
92514 
925(6 
924S8 
924^0 


9.92481 
924';3 
92Mb 
92447 
924^9 


9.92441 
924» 
924!l5 
92416 
92448 


9.8041910 
80447 
80474 
80502 
80530 


9.80558 
80586 
80614 
86642 
80669 


9.80697 
80725 
80753 
80781 
80808 


9.80B36 
80864 
80892 
80919 
80947 


.80975 
81003 
81030 
81058 
81086 


2000010 


19972       07286 


19944 
1991C 
19888 


.  19860 10.07317  10.27177 
19832  07325  27157 
19805  07333  27137 
19777  07341  27117 
19749       07349       27098 


10.19721 
19693 
19665 
19637 
19609 


.19581 
19553 
19526 
19498 
19470 


10.19442 
19414 
19386 
19358 
19331 


10, 


19303 
19275 
19247 
19219 
19192 


lo: 


19164 
19136 
19108 
19081 
19053 


10. 


19025 
18997 
18970 
18942 
18914 
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Co-iecaiin  M 


10.07I58|10. 276791  $0 
278691  59 


07166 
07174 
07182 
07190 


10.07197 
07206 
07213 
07221 
07229 


27539) 
27518 
272198 


10.2747a 
27458 
27438 
27418 
27398 


.07237 
07246 
07253 
07261 
07269 


07293 
07301 
07309 


10.27378 
27367 
27337 
27317 
27297 


07277110.27277 
27257 


27237 


272171  4S 
f7197l4t 


10.07357110.27078  35 
27068  34 


07365 
0Tr373 

oassi 

07389 


10.(^7397 
O7406 
07415 
07421 
07429 


10.07437 
07445 
07454 
07462 
07470 


10. 


07478  10 

07486 

07494 

075021 

07610 


27038 
27018 
26998 


10.26978 
26959 
26939 
26919 

26899 


10.26879 
26860 
26840 
26820 


26800  21 


26781 
26761 
26741 
2672S 
2670S 


.07669110.26084 
07367  26565 
07575^  26^45 
07584^  26526 
045921       26506 


55 
56 
57 
58 
59 
60 


7  36 
36 
36 
36 
36 
36 


4  23  20 

23  28 

'23  36 

23  44 

23  52 

24  0 


9.73513 
73533 
73552 
73572 
73591 
73611 


9.924M} 
923S2 
92384 
92376 
92.3C7 
92359 


10.18887 
18859 
18831 
18804 
18776 
812621       18748 


9.81113 
81141 
81169 
81196 
81224 


10.0760010.26487    i 


076081 
07616 
076241 
076361 
07641 


26467 
26448 


26428  2 
26409|  J 
2631 
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0 

7  36  01  4  24  Oi  9.73(ill 
35  521   24  8)   73630 

.9.92359 

9.81252 

10.  l874iU0.07C41  10.26389 

60  i 

1 

9523511 

81279 

18721    07649   268^*0 

59 

2 

35  44   24  161   73660 

923-13 

81307 

18693 

076571   26.350 

58 

3 

35  36 

24  24   73669 

92335 

81335 

18665 

07665!   26331 

67 

.  4 

35  28 

24  32   736a9 

92326 

81362 

18638 

076741   26311 

56 

5 

7  35  20 

4  24  40 

9.737;J3 

9.92.311] 

9.81390 

10.18610 

10.076>;2  10.262U2 

55 

6 

35  12 

24  48 

73727 

92310 

81418 

18582 

076yO 

26273 

:a 

7 

35  4 

24  56 

73747 

92302 

81445 

18555 

07698 

26^153 

53 

8 

34  56 

25  4 

73766 

922y3 

81473 

18527 

07707 

26234 

52 

9 

34  48 

25  12 

73785 

92285 

81500 

mm 

07715 

26215 

51 

10 

7  34  40 

4  25  20  9.73805 

9.92277 

9.»1528 

10.18472 

IQ.07723 

10.26195 

50 

U 

34  32 

25  28 

73824 

92269 

81556 

18444 

0773J 

26176 

49 

12 

34  24 

25  36 

73843 

92260 

81583 

18417 

07740 

26157 

48 

18 

34  16 

25  44 

73863 

92252 

81611 

18389 

07748 

26137 

47 

14 

34  8 

25  52 

73882 

922.W 

81638 

18362 

07756 

26110 

46 

16 

7  34  0 

4  26  0 

9.73901 

9.92235 

9.81666 

10.18334 

10.07765 

10.26099 

45 

16 

33  52 

26  8 

73921 

92227 

81693 

18307 

07773 

26079 

44 

17 

33  44 

26  16 

73940 

92219 

81721 

18279 

07781 

26060 

43 

18 

33  36 

26  24 

73959 

92211 

81748 

18252 

07789 

26041 

42 

19 

33  28 

26  32 

73978 

92202 

81776 

18224 

07798 

26022 

41 

20 

7  33  20 

4  26  40 

9.73997 

9.92194 

9.81803 

10.18197 

10.07806 

10.26003 

40 

21 

33  12 

26  48 

74017 

92186 

81831 

18169 

07814 

25983 

39 

22 

33  4, 

26  56 

74036 

^2177 

81858 

18142 

07823 

26964 

38 

23 

32  56 

27  4 

74055 

92169 

81886 

18114 

07831 

25946 

37 

24 

32  48 

27  12 

74074 

92161 

81913 

18087 

07839 

25926 

36 

26 

7  32  40 

4  27  20 

9.74093 

9.92152 

9.81941 

10.18069 

10.07848 

10.25907 

36 

26 

32  32 

27  28 

74113 

92144 

81968 

18032 

07866 

25887 

34 

27 

32  24 

27  36 

74132 

92136 

81996 

'   18004 

07864 

2686K 

33 

28 

32  16 

27  44 

74151 

92127 

82023 

17977 

07873 

25849 

32 

2d 

32  8 

27  52 

74170 

92119 

82051 

17949 

07881 

.  25830 

31 

30 

7  32  0 

4  28  0 

9.74189 

9.92111 

9.82078 

10.17922 

10.07889 

10.26811 

30 

31 

31  52 

28  8 

74208 

92102 

82106 

17894 

07898 

26792 

29 

32 

31  44 

28  16 

74227 

92094 

82133 

17867 

07906 

26773 

28 

33 

31  36 

28  24 

74246 

92086 

82161 

17839 

07914 

26764 

27 

34 

31  28 

28  32   74265 

92077 

82188 

17812 

07923 

26735 

26 

35 

7  31  20 

4  28  40  9.74284 

9.92069 

9.82215 

10.17785 

10.07931 

10.25716 

25 

36 

31  12 

2«  48i   74:303 

92060 

82243 

17757 

07940 

26697 

24 

37 

31  4 

28  66   74322 

29  4}   74341 

92052 

82270 

17730 

07948 

,   26678 

23 

38 

30  56 

92044 

82298 

17702 

079o6 

26669 

22 

39 

30  43 

29  12   74360 

92035 

82325 

17675 

.  07965 

26640 

21 

40 

7  30  40 

4  29  20  9.74379 

9.92027 

9.82352 

10.17648 

10.07973 

10.26621 

SO 

41 

30  32 

29  28   74398 

92018 

82380 

17620 

07982 

26602 

19 

42 

30  24 

29  36   74417 

92010 

82407 

17593 

07990 

2668^ 

18 

43 

30  16 

29  44   74436 

92002 

82435 

17565 

07998 

26564 

17 

44 

30  8 

29  52   74455 

91993 

82462 

17638 

08007 

26546 

16 

45 

7  30  0 

4  30  0  9.74474 

9.91986 

9.82489 

10.17611 

10.08016 

10.25526 

16 

46 

29  62 

30  8   74493 

91976 

82517 

17483 

08024 

26607 

14 

47 

29  44 

30  16   74512 

91968 

82544 

17456 

08032 

26488 

13 

48 

29  36 

30  24   74531 

91959 

82571 

17429 

08M1 

26469 

M 

49 

29  2i; 

30  32   74549 

919^1 

82599 

17401 

08049 

26461 

U 

50 

7  29  ^eo 

4  30  40  9.74568 

9.91942 

d. 82626 

10.17374 

10.08068 

10.26432 

10 

51 

29  12 

30  48  ,  74587 

91934 

82653 

17347'   08066 

26413 

9 

62 

29  4 

30  56   74606 

91925 

82681 

17319   08076 

26394 

8 

63 

28  56 

31  4   74625 

91917 

82708 

17292,   08083 

26376 
25356 

7 

54 

28  48 

31  12   74644 

91908 

82735 

17266 

08092 

6 

56 

7  28  40 

4  31  20  9.74662 

9.91900 

9.82762 

10.17238 

10.08100 

10.26338 

5 

66 

28  32 

31  28   74681 

91891 

82790 

17210 

08109 

26319 

4 

67 

28  24 

31  36   74700 

91883 

82817 

17183 

08U7 

26300 

3 

58 

28  16 

31  44   74719 

91874 

82844 

17156 

08126 

26281 

2 

69 

28  8 

31  52   74737 

91366 

82871 

17129 

08134 

26263.  1 

60 

28  0 

32  0   74756 

918.^7 

82899 

17101 

08143 

25244.  0 
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7  28  0 

-4  32  0 

9.74756 

9.91867 

9.82899 

10.17101 

10.08143 

10.26244  60 
26226  59 

S7  62 

32  8 

74775 

91849 

82926 

17074 

08161 

27  44 

32  16 

74794 

91840 

82953 

17047 

08160 

26206| 

w 

27  36 

32  24 

74812 

91^32 

82980 

17020 

08168 

26188 

«7 

27  28 

32  32 

74831 

91823 

83008 

16992 

08177 

26169 

66 

7  27  20 

4  32  40 

9.74850 

9.91816 

9.83035 

10.16965 

10.08186 

10.26160 

66 

27  12 

32  48 

74868 

91806 

83062 

16938 

08194 

26132 

64 

27  4 

32  66 

74887 

91798 

83089 

16911 

08202 

26113 

68 

26  56 

33  4 

74906 

91739 

83117 

16883 

08211 

26094 

62 

26  48 

33  12 

74924 

91781 

83144 

16856 

08219 

26076 

61 

7  26  40 

4  33^20 

9.74943 

9.91772 

9.83171 

10.16829 

10.08228 

10.26057 

50 

26  32 

33  28 

74961 

91763 

83W8 

16802 

08237 

25039 

49 

26  24 

33  36 
33  44 

74980 

91755 

83226 

16775 

08246 

26020 

48 

26  16 

74999 

91746 

83262 

16748 

08264 

26001 

47 

26  8 

33  52 

75017 

91738 

83280 

16720 

08262 

24983 

46 

7  26  0 

4  34  0 

9.75036 

9.91729 

9.83307 

10.16693 

10.08271 

10.24964 

46 

26  52 

34  8 

75054 

91720 

83334 

16666 

86280 

24946 

44 

25  44 

34  16 

75073 

91712 

83361 

16639 

08288 

24927 

43 

25  36 

34  24 

75091 

91703 

83388 

16612 

68297 

24909 

42 

25  28 

34  32 

75110 

.91695 

83416 

16585 

08306 

24890 

41 

7  25  20 

4  34  40 

9.75128 

9.91686 

9.83442 

10.16558 

10.08314 

10.24872 

40 

25  12 

34  48 

75147 

91677 

83470 

16530 

08323 

24853 

39 

25  4 

34  56 

75165 

91669 

83497 

16603 

08331 

24836 

38 

24  56 

35  4 

75184 

91660 

83524 

16476 

08340 

^24816 

37 

24  48 

35  12 

75202 

91651 

83551 

16449 

08349 

24798 

36 

7  24  40 

4  35  20 

9.75221 

9.91643 

9.83578 

10.16422 

10.08357 

10.24779 

36 

24  32 

35  28 

75239 

91634 

83605 

16395 

08366 

24761 

34 

24  24 

35  36 

75258 

91625 

83632 

16368 

08376 

24742 

33 

24  16 

35  44 

75276 

91617 

83669 

16341 

08383 

24724 

32 

24  8 

35  52 

75294 

91608 

83686 

16314 

08392 

24706 

31 

7  24  0 

4  36  0 

9.75313 

9.91599 

9.83713 

10.16287 

10.08401 

10.24687 

30 

23  52 

36  8 

75331 

91591 

83740 

16260 

08409 

24669 

29 

23  44< 

36  16 

76350 

91582 

83768 

16232 

08418 

24660 

28 

23  36 

36  24 

75368 

91573 

83795 

16206 

08427 

24632 

27 

23  28 

36  32 

75386 

91565 

83822 

16178 

08435 

246U 

96 

7  23  20 

4  36  40 

9.75405 

9.91556 

9.83849 

10.16161 

10.08444 

10.24695 

25 

23  12 

36  48 

75423 

91547 

83876 

16124 

08453 

24677 

24 

23  4 

36  66 

75441 

91538 

83903 

16097 

08462 

24669 

23 

22  56 

37  4 

75469 

91630 

83930 

16070 

08470 

24641 

22 

22  48 

37  12 

76478 

91521 

83957 

16043 

08479 

24522 

21 

7  22  40 

4  37  20 

9.76496 

9.91512 

9.83984 

10.16016 

10.08488 

10.34604 

20 

22  32 

37  28 

75514 

91504 

84011 

15989 

08496 

24486 

19 

22  24 

37  36 

75633 

91495 

84038 

16962 

08505 

24467 

18 

22  16 

37  44 

75551 

91486 

84065 

15935 

08514 

24449 

IT 

22  8 

37  52 

75669 

91477 

84092 

16908 

08523 

24431 

16 

7  22  0 

4  38  0 

9.76687 

9.91469 

9.84119 

10.16881 

10.08631 

10.24413 

15 

21  52 

38  8 

75605 

91460 

84146 

16864 

08540 

24396 

14 

21  44 

38  16 

76624 

91451 

84173 

16827 

08649 

24376 

13 

21  36 

38  24 

76642 

91442 

84200 

1680Q 

08668 

24368 

12 

21  28 

38  32 

76660 

91433 

84227 

16773 

08667 

24340 

11 

7  21  20 

4  38  40 

9.76678 

9.91425 

9.84254 

10.15746 

10.08575 

10.24322 

10 

21  12 

38  48 

76696 

91416 

84280 

16720 

08584 

24304 

9 

21  4 

38  56 

76714 

91407 

84307 

16693 

08693 

24286 

8 

20  56 

39  4 

75733 

91398 

84334 

16666 

08602 

24267 

7 

20  48 

39  12 

75751 

91389 

84361 

16639 

08611 

24249 

6 

7  20  40 

4  39  20 

9.75769 

9.91381 

9.84388 

10.16612 

10.08619 

10.24231 

5 

20  32 

39  28 

76787 

91372 

84415 

16686 

08628 

24213 

* 

SO  24 

39  36 

76805 

91363 

84442 

16668 

08637 

24196 

3 

20  16 

39  44 

76825 

91J64 

84469 

16631 

08646 

24177 

% 

20  8 

39  52 

76841 

91346 

84496 

16504 

08655 

24159 

1 

20  0 

40  0 

75869 

91336 

84^23 

I54T7 

08664 

24141   0 
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Sine. 
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Tangent. 

Co-tang. 

Secant 
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M  1 

0 

7  SO  0 

440  0 

9.75859 

9.91336 

9.84523 

10.15477 

10.08664 

10.24141 

60 

1 

19  5S 

40  8 

76877 

91328 

84550 

15450 

08672 

24123 

69 

2 

19  44 

40  16 

75896 

91319 

84576 

15424 

08681 

24105 

58 

9 

19  30 

40  24 

76913 

91310 

84603 

15397 

08690 

24087 

57 

4 

19  S8 

40  3S 

75931 

91301 

84630 

16370 

08699 

24069 

56 

6 

7  19  SO 

4  40  40 

9.76949 

9.91292 

9.84657 

10.16343 

10.08708 

10.24061 

56 

6 

19  IS 

40  48 

76967 

91283 

84684 

16316 

08717 

84033 

54 

7 

19  4 

40  56 

76985 

91274 

84711 

15289 

08726 

S4015 

53 

8 

18  56 

41  4 

76003 

91266 

84738 

15262 

06734 

23997 

5S 

'9 

18  48 

41  IS 

76021 

91267 

84764 

15236 

08743 

23979 

51 

10 

7  18  40 

4  41  SO 

9.76039 

9.91248 

9.84791 

10.16209 

10.08752 

10.23961 

60 

11 

18  3S 

41  28 

760.57 

91289 

84818 

15182 

08761 

S3943 

49 

IS 

18  S4 

41  36 

76076 

91230 

84845 

16155 

08770 

S3925 

48 

13 

18  16 

41  44 

76093 

91221 

84872 

15128 

08779 

23907 

47 

14 

18  8 

41  52 

76111 

91212 

84899 

15101 

08788 

S3889 

46 

16 

7  18  0 

442  0 

9.76129 
76146 

9.91203 

9.84925 

10.16075 

10.08797 

10.S3871 

45 

16 

17  5S 

42  8 

91194 

84952 

16048 

08806 

S3854 

44 

17 

17  44 

4S  16 

76164 

91185 

84979 

16021 

08816 

83836 

43 

18 

17  36 

4S  S4 

7618S 

91176 

85006 

14994 

08824 

23818 

42 

19 

17  S8 

42  3S 

76S00 

91167 

86033 

14967 

08833 

83800 

41 

SO 

7  17  SO 

4  4S  40 

9.76818 

9.91168 

9.85069 

10.14941 

1«.  08842 

10.23782 

40 

SI 

17  IS 

4S  48 

76236 

91149 

85086 

14914 

08851 

83764 

39 

ss 

17  4 

4S  56 

76253 

91141 

85113 

14887 

08859 

83747 

38 

sd 

16  56 

43  4 

76S71 

91132 

85140 

14860 

0S868 

83729 

37 

S4 

16  48 

43  IS 

76289 

91123 

85166 

14834 

08877 

83711 

36 

S5 

7  16  40 

4  43  SO 

9.76307 

9.91114 

9.85193 

10.14807 

10.08886 

10.2369S 

35 

S6 

16  3S 

4fi  28 

76324 

91106 

85220 

14780 

06895 

23676 

34 

S7 

16  S4 

i3  36 

76342 

91096 

85247 

14769 

08904 

23668 

33 

S8 

16  16 

43  44 

76360 

91087 

85273 

14727 

08913 

23640  32 

S<J 

16  8 

43  52 

76378 

91078 

8d30<y 

14700 

08922 

23622 

31 

90 

7  16  0 

4  44  0 

9.76395 

9.91069 

9.85327 

10.14673 

10.08931 

10.23606 

30 

91 

15  5S 

44  8 

76413 

91068 

86354 

14646 

08940 

23587 

29 

32 

16  44 

44  16 

76431 

S1051 

85380 

14620 

08949 

23569 

88 

33 

16  36 

44  24 

76448 

9104S 

85407 

14593 

08958 

23552 

87 

34 

15  S8 

44  32 

76466 

,  91033 

85434 

14566 

08967 

23534 

86 

35 

7  15  SO 

4  44  40 

9.76484 

9.91023 

9.85460 

10.14540 

10.08977 

10.23516 

25 

36 

15  IS 

44  48 

76501 

91014 

86487 

14513 

08986 

S3499 

84 

37 

16  4 

44  56 

76519 

91006 

86614 

14486 

08995 

83481 

S3 

38 

14  56 

45  4 

76537 

90996 

86540 

14460 

09004 

33463 

88 

39 

14  48 

45  12 

76554 

90987 

86567 

1443^ 

09013 

23446 

21 

40 

7  14  40 

4  45  20 

9.76572 

9.90978 

9.85594 

10.14406 

10.0902^ 

10.23428 

20 

41 

14  3S 

45  28 

76690 

90969 

86620 

14380 

09031 

23410 

19 

4S 

14  24 

45  36 

76607 

90960 

86647 

14358 

09040 

S3393 

18 

43 

14  16 

45  44 

76625 

90951 

85674 

14326 

09049 

83375 

17 

44 

14  8 

45  62 

76642 

90942 

85700 

14300 

09058 

83358 

16 

45 

7  14  0 

446  0 

9.76660 

9.90933 

9.85727 

10.14273 

10.09067 

10.83340 

15 

46 

13  5S 

46  8 

76677 

90924 

85754 

14246 

09076 

S3333 

14 

47 

13  44 

46  16 

76696 

90915 

85780 

14S20 

09085 

83305 

13 

48 

n  36 

46  S4 

76712 

90906 

85807 

14193 

09094 

83888 

12 

49 

13  S8 

46  3S 

76730 

90896 

85834 

14166 

09104 

83870 

11 

60 

7  13  SO 

4  46  40 

9.76747 

9.90887 

9.85860 

10.14140 

10.09119 

10.83853 

10 

51 

13  IS 

46  48 

76766 

90878 

85887 

14113 

0912S 

33835 

9 

5S 

13  4 

46  56 

76782 

90869 

85918 

14087 

09131 

83816 

8 

53 

12  56 

47  4 

76800 

90860 

85940 

14060 

09140 

83100 

7 

54 

12  48 

47  IS 

76817 

90851 

86967 

14033 

09149 

83183 

6 

65 

7  12  40 

4  47  SO 

9.76836 

9.90842 

9.85998 

10.14007 

10.09168 

10.83165 

5 

66 

12  32 

47  S8 

7685S 

90832 

86020 

13980 

09168 

89148 

4 

67 

IS  S4 

47  36 

76870 

90823 

86046 

13954 

09177 

83130 

3 

58 

Is  16 

47  44 

76887 

90814 

86078 

13927 

09186 

83119 

t 

69 

IS  8 

47  6S 

76904 

90806 

86100 

1390(^ 

09195 

8809^ 

1 

60 

IS  0 

48  0 

76922 

90796 

86126 

13874 

09204 

23078 

0 

M 

HoiirF.M. 

HoUTAJi. 

Co-fline. 

Sine. 

Co-tang. 

Tan^nt. 

^1 

r 

^-la 

fhtO.  " 

- 

jf  ^vj 

o  PegH 
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TABLE  XXYU. 
Log.  Sines,  Tangents  and  Secants. 


D6».  143. 


Sine,  j  Co«gtne.|T«ngent.|  Co-tang.! '  Secant  1^^*^^"' 


M  IHoufA.M. 


ourp.M. 


10. 13874)10. 09204110. S3078 
138471   092131   23061 


7  12  0 
11  52 
II  44 
11  36 
II  28 


4  48  0 
48  8 
48  16 
48  24 
48  32 


9.76922. 
76939 
76937 
76974 
76991 


9.90796 
90787 
90777 
90768 
907.09 


9.86126 
86153 
86179 


86232 


13821 
13794 
13768 


09223  2304.*5 
09232  23026 
09241!   23009 


60 
59 
5B 
51 
66 


7  11  20 
11  12 
U  4 
10  56 
10  48 


4  48  40 
48  48 

48  56 

49  4 
49  12 


9.770O9 
77026 
77043 
77061 
77078 


y. 90760 
90741 
90731 
90722 
90713 


9.8625910 
86285 
86312 
86338 
86365 


.13741 
18715 
13688 
13662 
13635 


10.09250110.22991 
092591  22974 
09269  22957 
09278'  22939 
09287'   22922 


55 
64 
53 
5(t 
61 


10  40 
10  32 
10  24 
10  16 
10  8 


4  49  20 
49  28 
49  36 
49  44 
49  52 


9.77095 
77112 
77130 
77147 
77164 


9.90704 
90694 
90685 
90676 
90667 


9.86S92 
86418 
86445 
86471 
86498 


10.13608 
13582 
13555 
13529 

13502 


10.09296.10.22905 
.09306(  22888 
09315  22870 
09324'  22853 
09333:      22836 


60 
49 
48 
47 
46 


4  50 

50 
50  16 
50  24 
50  32 


9.7718; 
77199 
77216 
77233 
772.M) 


.90667 
90648 
90639 
90630 
90620 


9.8652410. 
86551 
86677 
86603 
86630 


13476 
13449 
13423 
13397 
13370 


10 


09343110. 

09352: 

093611 

09370| 

093801 


2281^ 
22801 
227L4 
22767 
22750 


46 
44 
45 
4S 
41 


9  20 
9  12 
9  4 
8  56 
6  48 


50  40 
50  48 

50  56 

51  4 
51  12 


9.7726B 
77285 
77302 
77319 
77336 


.9061 
906U2 
90692 
905B3 
90574 


9.86656 
86683 
86709 
86736 
86762 


10 


13344 
13317 
13291 
13264 
13238 


10 


0938910^ 

09398 

09408i 

094171 

09426i 


22732 
22715 
22698 
22681 
22664 


40 
39 
38 
37 

96 


8  40 
8  32 
8  24 
8  16 
8  8 


4  51  20 
51  28 
51  36 
61  44 
61  52 


9.77353 
77370 
77387 
77405 
77422 


9.90566 
90565 
90546 
90537 
90^27 


9.86789 
86815 
86842 
86868 
86894 


10. 


13211 
13185 
13158 
13132 
13106 


10.09435)10. 


22647 
22630 
22613 
22595 
22578 


36 
54 
53 

52 
51 


8 

7  52 
7  44 

7  36 

7  28 


4  52 
62 
62  16 
52  24 
62  32 


9.77439 
77456 
77473 
77490 
77507 


9.90518 
90509 
90499 
90490 
90480 


.86921 
86947 
86974 
87000 
87027 


10 


13079 
13063 
13026 
13000 

12973 


10 


09482)10 

0949r 

095011 

0951M 

095201 


22561 
22544 
22527 
22610 
22493 


50 
29 
28 
27 
26 


52  40 

52  48 

62  66 

63  4 

53  12 


9.77524 
77541 
77658 
77575 
77592 


9.90471 
90462 
90452 
90443 
90434 


9.87063 
87079 
87106 
87132 


10.12947 
12921 
12894 
12868 
871581   12842 


10.09529)10.22476 
09538i  22469 
09648  22442 
09567  22425 
095661   22408 


26 
U 
23 
22 

21 


6  40 
6  32 
6  24 
6  16 
6  8 


4  63  20 
53  28 
63  36 
63  44 
63  52 


9.77609 
77626 
77643 
77660 
77677 


9.90424 
90415 
90405 
90396 
90386 


9.87185 
8721 
87238 
87264 
87290 


10. 


12815 
12789 
12762 
12736 
12710 


10 


09576110 

09586; 

095951 

096041 

09614) 


22591 


20 


22574  19 
22557  18 


.09623liol 

096321 

09642 

09651 

09661 


22340 
22523 


17 
1€ 


6 

6  52 
6  44 

5  36 
5  28 


8 


4  54 
54 

64  16 
64  24 
64  32 


9.77694 
77711 
77728 
77744 
77761 


9.90377 
90368 
90358 
90349 
90339 


9.87317 
87343 
87369 
87396 
87422 


10 


12683 
12657 
12631 
12604 
12678 


10 


22306  16 

22289  14 

22272  15 

22266  12 


22239 


II 


5  20 
5  12 
6 
4  66 

4  48 


4  64  40 
64  48 

64  66 
65 

65  12 


9.77778 
77795 
77812 
77829 
77846 


9.90330 
90320 
90311 
90301 
90292 


9.87448 
87475 
87501 
87527 
87554 


10.12662 
12626 
12499 
12473 
12446 


10.09670 
09680 
09689 
09699 
09708 


10.22222!  10 


22206 

2S18« 

22171 

2216^ 

10.22138 

22121 

22104 

22087] 

4  40 
4  32 
4  24 
4  16 
4  8 
4 


4  55  20 
65  28 
65  36 

65  44 

66  62 
66  0 


9.77862 
77879 
77896 
77918 
77930 
77946 


9.90282 
90273 
90263 
90254 
90244 
90235 


9.87580 
87606 
87633 
87659 
87685 
87711 


10.12420 
12394 
12367 
12341 
12316 
12289 


10.09718 
09727 
09737 
09746 
09766 
09765 


M   'H ourp.M.  iHottTA.M.'  Co-sine. 
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1 

O 
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Log.  Sinesy  Tangents  and  Secants. 

57 

Degs. 

Degs.  142. 

M 

HOUTA.M. 

Hourp.M 

Sin«. 

Co-sine.  Tangent. 

Co-tang. 

Secant.  iCiHaecant 

L  M 

0 

7  4  0 

4  56  0 

9.77946 

9.90235  9.87711 

10.13289 

10.09765 

10.220541  60 

1 

3  52 

56  8 

77963 

902251   87733 

12262 

09775 

22037 

l59 

s 

3  44 

66  16 

77980 

90216 

87764 

12236 

09784 

220201  58 

3 

3  36 

66  24 

77997 

90206 

87790 

12210 

09794 

22003 

57 

4 

3  23 

66  32 

78013 

90197 

87817 

12183 

09803 

21987 

66 

5 

7  3  20 

4  56  40 

9.78;j30 

9.90187 

9.87843 

10.12157 

10.09813 

10.21970 

65 

6 

8  12 

56  48 

7804? 

90178 

87869 

12131 

09822 

21953 

54 

7 

3  4 

66  56 

78063 

90163 

87895 

12]0a 

09832 

21937!  63 

8 

2  56 

67  4 

78080 

90159 

87922 

12078 

09841 

21920 

62 

9 

2  48 

57  12 

78097 

90149 

87948 

12052 

09851 

21903 

61 

lU 

7  2  40 

4  67  20 

9.7tJU3 

9.90139 

9.87974 

10.12026 

10.09861 

10.21887 

50 

U 

2  32 

67  28 

78130 

90130 

88000 

12OO0 

09870 

21870 

I49 

12 

2  2* 

67  36 

7814ff 

90120 

88027 

11973 

09880 

21853 

48 

13 

2  16 

67  44 

78163 

90111 

88053 

11947 

.09889 

21837 

47 

14 

2  a 

67  32 

78180 

90101 

88079 

11921 

09899 

S1820{  46 

15 

7  2  0 

4  58  0 

9.78197 

9.90091 

9.88105 

10.11895 

10.09909 

10.21803 

45 

16 

1  52 

58  8 

78213 

90082 

88131 

1186S 

09918 

217871  44 

17 

1  44 

68  16 

7a2S0 

90072 

88158 

11842 

09928 

21770 

43 

18 

1  36 

68  24 

782461   90063 

88184 

11816 

09937 

21754 

42 

19 

1  28 

58  321   78263!   90053 

88210 

11790 

09947 

21737 

41 

20 

7  1  20 

4  58  40 

9.78280.  9.90043 

9.88236 

10.11764 

10.09957 

10.21720 

40 

21 

1  12 

68  48 

78296 

90034 

88262 

11738 

09966 

21704 

39 

22 

1  4 

68  66 

78313 

90024 

88289 

11711 

09976 

21687 

38 

23 

0  66 

59  4 

78329 

90014 

88315 

1168a 

09986 

21671 

37 

24 

0  48 

59  12 

783461   90005 

88341 

11659 

09995 

21654 

36 

2i 

7  0  40 

4  59  20 

9.78362 

9.89995 

9.8S367 

10.11633 

10.10005 

10.21638 

35 

26 

0  3^ 

59  28 

78379 

89935 

88393 

11607 

10016 

21621 

34 

27 

0  24 

69  36 

78395 

89976 

88420 

11580 

10024 

21605 

33 

28 

0  16 

59  44 

78412 

89968 

88446 

11554 

10034 

21588 

32 

29 

0  8 

69  52 

78428 

89956 

88472 

11528 

10044 

21572|  31 

30 

7  0  0 

5  0  0 

9.78445 

9.89947 

9.88498 

10.U50-J 

10.10053 

10.21555,  30 

31 

6  59  52 

0  8 

78461 

89937 

88524 
.   68550 

11476 

10063 

21539 

29 

32 

59  44 

0  16 

78478 

89927 

11450 

10073 

21522 

28 

33^ 

69  36 

0  24 

78494 

89918 

88577 

11423 

10082 

21506 

27 

34 

69  28 

0  32 

78510 

89908 

88603 

11397 

10092 

21490 

26 

36 

6  59  201 

5  0  40 

9.78527 

9.898d8 

^.88629 

10.11371 

10.10102 

10.21473 

25 

36 

59  12 

0  48 

78543 

89888 

88655 

11345 

10112 

21457 

24 

37 

59  4 

0  66 

78560 

89879 

88681 

11319 

10121 

21440 

23 

38 

58  56 

1  4 

78576 

89869 

88707 

11293 

10131 

21424 

22 

39 

58  48 

1  12 

78592 

89859 

88733 

11267 

10141 

21408 

21 

40  1 

6  58  40 

5  1  20 

9.78609 

9.89849 

^.88759 

10.11241 

10.10151 

10.21391 

20 

41 

68  32 

1  28 

78625 

89840 

88786 

11214 

10160 

21376 

19 

42 

58  24 

1  36 

78642 

89830 

88812 

11188 

1Q170 

21358 

18 

43 

68  16 

1  44 

78658 

89820 

88838 

11162 

10180 

21342 

17 

44 

58  ai 

1  52 

78674 

89810 

88864 

11136 

10190 

21326 

16 

46 

6  58  0 

5  2  0 

9.78691 

9.89801 

9.88890 

10.11110 

10.i0199 

10.21309 

16 

46 

67  52 

2  8 

78707 

89791 

88916 

11084 

10209 

21293 

14 

47 

57  44 

2  16 

78723 

89781 

88942 

11058 

'  10219 

21277 

IS 

48 

57  36 

2  24 

78739 

89771 

88968 

1103S 

10229 

^  21261 

12 

49 

&7  28 

2  32 

78756 

89761 

88994 

U006 

10239 

21244 

11 

50 

6  67  20l 

5  2  40 

9.78772 

9.89752 

9.89020 

10.10980 

10.10248 

10.21228 

10 

51 

m  13 

;E48 

78788 

89742 

89046 

10954 

10258 

21212 

9 

62 

57  4i 

2  56 

78805 

89732 

89073 

10927 

10268 

21195 

8 

63 

66  66 

3  4 

78821 

89722 

89099 

10901 

wans 

21179 

7 

64 

56  48 

3  12 

78837 

89712 

89126 

10875 

10288 

21163 

6 

65 

6  66  40 

5  3  20 

9.78863 

9.89702 

9.89151 

10.10849 

10.10298 

10.21147 

5 

66 

56  32 

3  28 

78869 

89693 

89177 

10823 

10307 

21131 

4 

57 

56  24 

3  36 

78886 

89683 

89203 

10797 

10317 

21114 

3 

58 

S6   16 

3  44 

78902 

89673 

89229   10771 

10327 

21098 

2 

59 

56  8 

3  52 

78918 

89663 

89265   10746 

10337 

21082 

1 

60 

56    0 

4  0 

78934 

89653; 

89281   10719 

10347 

21066 

0 
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TABLE  XXVU. 
Logr.  Sinesy  Tangents  and  Secants. 


Houtp.v.I   Sine. 


Pegi.  141. 


M    JHOUTA.II. 


Co-«ne. 


Tangent 


C»teng. 


Secant 


6  M 
66  62 

66  36 
66  28 


0  6 


4 
4  8 
4  16 
4  24 
4  32 


9.78934 
78960 
78967 
7898^ 
78999 


9.89653 
89643 
89633 
89624 
89614 


9.89281 
89307 
89333 
89369 
89386 


10.10719 
10693 
10667 
10641 
10615 


10.10347 
10357 
10367 
10376 
IQ3B6 


10.210661  60 
210501  69 
21039  68 
21017!  67 
21001 >  66 


6  66  20 
66  12 
56 
64  56 
64  48 


4  40 
4  48 
4  66 
6  4 
6  12 


9.79015 
79031 
79047 
79063 
79079 


9.89604 
89594 
89584 
89574 
89564 


9.89411 
89437 
89463 
89489 
89515 


10.1058910 
10563 
10537 
10511 
10485 


.10396 
10406 
10416 
10426 
10436 


10.209861  65 
209691  64 
20953?  63 
20937  62 
209211  51 


10 
11 
12 
13 
14 


54  40 
64  32 
54  24 
64  16 
64  8 


5  20 

6  28 
6  36 
6  44 

5  52 


9.79096 
79111 
79128 
79144 
79160 


.89554 
89544 
89534 
89524 
89514 


9.89641 
89567 
89593 
89619 
89645 


10.10459 
10433 
10407 
10381 
10355 


10.10446 
10456 
10466 
10476 
10486 


10.20906  60 
20689  49 
20672*  48 
W856.  47 
20840  46 


54  0 

53  52 
63 
53  36 
53  28 


6 
6 
6  16 
6  24 
6  32 


9.79176 
79192 
79208 
79224 
79240 


9.89504  9.8967110.1032910.1049610.20824  45 

69495  89697       10303       10505       20808!  44 

89485  89723       10277       10515      20792!  43 

89475  89749       10251       10625       207761  42 

89465  89775       10225       10535       20760J  41 


20 
21 
22 

23 
24 


53  20 
53  12 
53  4 
52  56 
52  48 


6  40 
6  48 

6  56 

7  4 
7  12 


9.79256 
79272 
79288 
79304 
79319 


9.89455 
89445 
89435 
89425 
89415 


9.89801 
89827 
89853 
89879 
89905 


10.1019910 
10173 
10147 
10121 
10095 


10545110.20744;  40 
20728  39 
20712  38 
20696  37 
206811  36 


10555 
10565 
10575 
10585 


25 
26 
27 
28 
29 


6  62  40 
52  32 
52  24 
52  16 
52  8 


51  52 
51  44 
51  36 
51  28 


9.79336 
79351 
79367 
79383 
79399 


.89405 
89395 
89385 
89375 
89364 


9.89931 
89957 
89983 
90009 
90035 


10.10069 
10043 
10017 
09991 
09965 


10. 


10595 
10605 
10615 
10625 
10636 


10.20665!  35 
20649]  34 
20633!  33 
20617}  32 
20601!  31 


30 
81 
32 
33 
34 


8 
8 
8 

8  24 
8  32 


8 
16 


9.79415 
79431 
79447 
79463 
79478 


9.89354 
89^44 
89334 
89324 
89314 


9.90061 
90086 
90112 
90138 
90164 


10.09939 
09914 


10 


09862 
09836 


10646 
10656 
10666 
10676 
10686 


10.20585;  30 
20569  29 
20553,  28 
20537*  27 
20522  26 


35 
36 
37 
38 
39 


6  51  20 
61  12 
51  4 
50  56 
50  43 


8  40 
8  48 

8  56 
9 

9  12 


9.79494 
79510 
79526 
79542 
79558 


9.89304 
89294 
89264 
89274 
89264 


9.90190 
90216 
90242 
90S68 
90294 


10.0981010 

09784 

09758 

09732 

09706 


10696 
10706 
10716 
10726 
10736 


10.20506.  96 
20490,  24 
20474'  23 
204581  22 
20442i  21 


40 
41 
42 
43 
44 


50  40 
50  32 
50  24 
50  16 
50  8 


9  20 
9  28 
9  36 
9  44 
9  52 


9.79573 
79589 
79605 
79621 
79G36 


9.89254 
89244 
89233 
89223 
89213 


9.90320)10.0968010. 
09654 
09629 
09603 
09577 


90346 
90371 
90397 


90423 


1074610 

10756 

10767 

10777 

10787 


20427,  20 
20411  19 
20395i  18 
20379;  17 
2036^^  16 


45 
46 
47 
48 
49 


6  50  0 
49  52 
49  44 

49  36 
49  28 


10 
10 
10  16 
10  24 
10  32 


.79652 
79668 
79684 
79699 
79715 


9.89203 
89193 
89183 
89173 
89162 


9.90449 
90475 
90501 
90527 
90553 


10.09561 
09526 
09499 
09473 
09447 


10, 


H)797 
10807 
10617 
10627 
10838 


10. 


20348 
20392 
20316 
20301 
20285 

^69 
20254 
90238 
20222 
20207 


16 
U 
IS 
12 
11 


50 
61 
62 
53 
64 


6  49  20 
49  12 
49  4 
48  56 
48  48 


10  40 
10  48 

10  56 

11  4 

n  IS 


9.79731 
79746 
79762 
79778 
79793 


9.89152 
89142 
89132 
89122 
89112 


9.90578 
90604 
90630 
90656 
90682 


10.0942210. 

09396 

O9370 

09344 

09318 


1084810 

10858 

10868 

10878 

10888 


to 

9 
8 

7 
6 


55 
66 
67 
58 
69 
60 


6  48  40 
*  48  32 
48  24 
48  16 
48  8 
48  0 


11  20 
11  28 
11  36 
11 

11  52 

12  0 


9.79809 
79825 
79840 
79856 
79872 
79887 


9.89101 
89091 
89081 
89071 
89060 
89050 


9.90708 
90734 
90759 
90786 
90811 
90837 


10.09292 
09266 
09241 
0921£| 
09189 
09163 


10.10899 
10909 
10919 
10929 
10940 
10950 


10.90191 
90176 
90160  3 
90144  2 
90128, 
90113^ 


M 
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TABLE  XXVIL                22 
Log^  Sines,  Tangents  and  Secants. 

39  D^. 

Dwr.  140. 

M 

Houri-if. 

Hourp.if. 

8iM. 

Co-sine. 

Tangent. 

Co-tang. 

Secant. 

Co-secaat|  M 

0 

6  48  0 

6  12  0 

9.79887 

9.89050 

9.90837 

10.09163 

10.10950 

10.20113  60 

1 

47  62 

12  a 

79903 

89040 

90863 

09137 

10960 

20097  59 

2 

47  44 

12  16 

79918 

89030 

90889 

09111 

10970 

200821  58 

3 

47  36 

12  24 

79934 

89020 

90914 

09086 

10980 

20066  57 

4 

.47  28 

12  32 

79960 

89009 

90940 

09060 

10991 

2OO60I  66 

6 

6  47  20 

5  12  40 

9.79966 

9.88999  9.90966 

10.09034 

10.11001 

10.20036*  65 

6 

47  12 

12  48 

79981 

88989 

90992 

09008 

1101] 

20019  54 

7 

47  4 

12  56 

79996 

88978 

91018 

08982 

11022 

20C04 

63 

8 

46  66 

13  4 

80012 

88968 

91043 

08967 

11032 

19988 

52 

9 

46  48 

13  12 

80027 

88958 

91069 

08931 

11042 

19973 

61 

10 

6  46  40 

6  13  20 

9.80043 

9.88948 

9.91095 

10.08905 

10.11052 

10.19957 

60 

11 

46  32 

13  28 

80058 

88937 

91121 

08879 

11063 

19942 

49 

12 

46  24 

13  36 

80074 

88927 

91147 

08853 

11073 

19926 

48 

IS 

46  16 

13  44 

80089 

88917 

91172 

08828 

11083 

19911 

47 

H 

46  8 

13  62 

80106 

88906 

91198 

08802 

11094 

19896 

46 

i6 

6  46  0 

5  14  0 

9.80120 

9.88896 

9.91224 

10.08776 

10.11104 

10.19880 

46 

16 

46  52 

14  8 

80136 

8888$ 

91250 

08750 

11114 

19864 

44 

17 

46  44 

14  16 

80161 

88875 

91276 

08724 

11126 

19849 

43 

18 

46  36 

14  24 

80166 

88865 

91301 

08699 

11136 

19834 

42 

19 

45  28 

14  32 

80182 

88855 

91327 

08673 

11146 

19818 

41 

20 

6  45  20 

6  14  40 

9.80197 

9.88844 

9.91353 

10.08647 

10.11156 

10.19803 

40 

21 

46  12 

14  48 

80213 

88834 

91379 

08621 

11166 

19787 

39 

22 

46  4 

14  56 

80228 

88824 

91404 

08596 

11176 

19772 

38 

23 

44  56 

16  4 

80244 

88813 

91430 

08570 

11187 

19756 

37 

24 

44  48 

15  U 

80259 

88803 

91456 

08544 

11197 

19741 

36 

26 

6  44  40 

5  15  201 

9.80274 

9.88793 

9.91482 

10.08518 

10.11207 

10.19726 

35 

26 

44  32 

15  28 

80290 

88782 

91507 

08493 

11218 

19710 

34 

27 

44  24 

15  36 

80305 

88772 

91633 

08467 

11228 

19696 

33 

28 

44  16 

16  44 

80320 

88761 

91659 

08441 

11289 

19680 

32 

29 

44  8 

16  52 

80336 

88751 

91685 

08416 

11249 

19664 

31 

30 

6  44  0 

6  16  0 

9.80361 

9.88741 

9.91610 

10.08390 

10.11259 

10.19649 

30 

31 

43  52 

16  8 

80366 

88730 

91636 

08364 

11270 

19634 

29 

82 

43  44 

16  16 

80382 

88720 

91662 

08338 

11280 

19618 

28 

33 

43  36 

16  24 

80397 

88709 

91688 

08312 

11291 

19603 

27 

34 

43  28 

16  32 

80412 

88699 

91713 

08287 

11301 

19688 

26 

35 

6  43  20 

6  16  40 

9.80428 

9  88688 

9.91739 

10.08261 

10.11312 

10.19672 

26 

36 

43  12 

16  48 

80443 

88678 

91765 

08236 

11322 

19667 

24 

37 

43  4 

16  56 

80458 

88668 

91791 

08209 

11332 

19542 

23 

38 

42  56 

17  i 

80473 

88657 

91816 

08184 

11343 

19627 

22 

39 

42  48 

17  12 

80489 

88647 

91842 

08158 

11353 

19611 

21 

40 

6  42  40 

5  17  20 

9.80504 

9.88^36 

9.91868 

10.08132 

10.11364 

10.19496 

20 

41 

42  32 

17  28 

80519 

88626 

91893 

08107 

11374 

19481 

19 

42 

42  24 

17  36 

80534 

88616 

91919 

08081 

11386 

19466 

18 

43 

42  16 

V^ 

80550 

88605 

91945 

08056 

11395 

19460 

17 

44 

42  8 

17  62 

80565 

88594 

91971 

08029 

11406 

19435 

16 

45 

6  42  0 

5.18  0 

9.80580 

9.88584 

9.91996 

10.08004 

10.11416 

10.19420 

16 

46 

41  52 

18  8 

80596 

885715 

92022 

07978 

11427 

19406 

14 

47 

41  44 

18  16 

80610 

88563 

92048 

07962 

1143^ 

19390 

13 

48 

41  3^ 

18  24 

80626 

8855S 

92073 

07927 

11448 

19376 

12 

49 

41  28 

18  3f 

80641 

88542 

92099 

07901 

11468 

19369 

11 

60 

6  41  20 

6  18  40 

9.80656 

9.88531 

9.92126 

10.07876 

10.11469 

10.19344 

10 

61 

41  12 

18  48 

80671 

88521 

92160 

07850 

11479 

19329 

9 

62 

41  4 

18  66 

80686 

88610 

92176 

07824 

11490 

19314 

8 

63 

40  56 

19  4 

80701 

88499 

92202 

07798 

11501 

19299 

7 

64 

40  48 

19  12 

80716 

88489 

92227 

07773 

11611 

19284 

6 

65 

6  40  40 

6  19  20 

9.80731 

9.88478 

9.92263 

10.077*7 

10.11622 

10.19269 

6 

66 

40  32 

19  2& 

80746 

8846Q 

92279 

07721 

11532 

19264 

4 

67 

40  24 

19  36 

80762 

88457 

92304 

07696 

11543 

19238 

3 

68 

40  16 

19  44 

80777 

88447 

92330 

07670 

11563 

19223 

2 

69 

40  8 

19  62 

80792 

88436 

92366 

07644 

11564 

19208 

1 

60 

40  0 

20  0 

80807 

88426 

92381 

07619 

11675 

19193 

0 

M 

Hoarp.M. 

HouTA.M.  Co-sine.  1 

Sine. 

Co-tang. 

Tangent.  Co-wcani 

Secant. 

1  M 

129 

I>e9i. 

begs. 

osr 

1 

FABLE  XXVn.                   1 

Log.  Sines,  Tangents  and  Secants.               | 

Degs. 

Pc«».  139.    1 

HourA.M. 

HourF.M. 

Sine. 

Co-sine. 

Tangent. 

Co-tang. 

Secant. 

Co-seeanl{  M  1 

G  40  0 

5  20  0 

9.80807 

9.88425 

9.92381 

10.07619 

10.11575 

10.19193  60 
19178  59  1 

39  52 

20  Ul 

80822 

88415 

92407 

07593 

11535 

39  44 

20  16 

80837 

88404 

92433 

07567 

11596 

19163 

68  1 

39  36 

20  24 

80862 

88394 

92458 

07642 

11606 

19148 

57 

39  28 

20  32 

80667 

88383 

92484 

0751(i 

11617 

19133 

56 

6  39  20 

6  20  40 

9. 80882 

9.88372 

9.92510 

10.07490 

10.11628 

10.19118 

55 

39  If 

20  48 

80897 

88362 

92535 

07465 

11638 

19103 

54 

39  4 

20  56 

80912 

88351 

92561 

07439 

11649 

19088 

53 

38  56 

21  4 

80927 

88340 

92587 

07413 

11660 

19073 

52 

38  48 

21  12 

80942 

88330 

92612 

0738.1 

11670 

19058 

51 

6  38  40 

5  21  20 

9.80957 

9.88319 

9.92638 

10.07362 

10.11681 

10.19043 

50 

38  32 

21  28 

80972 

88308 

92663 

07337 

11692 

19028 

49 

38  24 

21  36 

80987 

88298 

92689 

07311 

11702 

19013 

48 

38  16 

21  44 

81002 

88287 

92715 

07286 

11713 

18998 

47 

38  8 

21  52 

81017 

88276 

92740 

07260 

11724 

18983 

46 

6  38  0 

5  22  0 

9.81032 

9.88266 

9.92766 

10.07234 

10. 11734110. 189681 

45 

37  52 

22  8 

81047 

88256 

92792 

07208 

11745 

18953 

44 

37  44 

22  16 

81061 

88244 

92817 

07183 

11786 

18939 

43 

37  36 

22  24 

81076 

88234 

92843 

07167 

11766 

18924 

4S 

37  28 

22  32 

81091 

88223 

92868 

07132 

11777 

18909 

41 

6  37  20 

5  22  40 

9.81106 

9.88212 

9.92894i 

10.07106 

10.11788 

10.18894 

40 

37  12 

22  48 

81121 

88201 

92920 

07080 

11799 

18879 

39 

37  4 

22  56 

81136 

B8191 

92945 

07065 

11809 

18864 

38 

36  56 

23  4 

81151 

88180 

92971 

07029 

11820 

18849 

37 

36  48 

23  12 

81166 

68169 

92996 

07004 

11831 

18834 

36 

6  36  40 

5  23  20 

9.81180 

9.88158 

9.93022 

10.06978 

10.11842 

10.18820 

35 

36  32 

23  28 

81J95 

88148 

93048 

06952 

11852 

18805 

34 

36  24 

23  36 

81210 

88137 

93073 

06927 

11863 

18790 

33 

36  16 

23  44 

81225 

88126 

93099 

06901 

11874 

18775 

32 

36  8 

23  52 

81J40 

88115 

93124 

06876 

11885 

18760 

31 

6  36  0 

5  24  0 

9.81254 

9.88105 

9.93150 

10.06850 

10.11895 

10.18746 

30 

35  52 

24  8 

8)269 

88094 

93175 

06825 

11906 

18731 

29 

35  44 

24  16 

81284 

88083 

93201 

06799 

11917 

18716 

28 

35  36 

24  24 

81299 

88072 

93227 

06773 

11928 

18701 

Tt 

35  28 

24  32 

8J314 

88061 

93252 

06748 

U939 

18686 

96 

6  35  20 

5  24  40 

9.81328 

9.88051 

9.93278 

10.06722 

10.11949 

10.18672 

25 

35  12 

24  48 

81343 

88040 

93303 

06697 

11960 

186S7 

24 

35  4 

24  56 

81358 

88029 

93329 

06671 

11971 

18642 

23 

34  56 

25  4 

81372 

88018 

93354 

06646 

11982 

18628 

t2 

34  48 

25  12 

81387 

88007 

93380 

06620 

11993 

1861^ 

21 

6  34  40 

5  25  20 

9.81402 

y. 87996 

9.93406 

10.06594 

IO.I2004I 

10.18598 

20 

34  32 

25  28 

81417 

87985 

93431 

06569 

12015 

18dir3 

19 

34  24 

25  36 

81431 

87975 

93467 

06543 

12025 

18569 

18 

34  16 

25  44 

81446 

87964 

93482 

06518 

12036 

18554 

17 

34  8 

25  52 

81461 

87963 

93508 

06492 

12047 

18A39 

16 

6  34  0 

5  26  0 

9.81475 

9.87942 

9.93533 

10.06467 

10.12068 

10.18525 

15 

33  52 

26  8 

81490 

87931 

93559 

06441 

12069 

18510 

14 

33  44 

26  16 

81505 

87920 

93584 

06416 

12080 

18495 

13 

33  36 

26  24 

81519 

87909 

93610 

06390 

12091 

18481 

12 

33  26 

26  32 

81534 

87898 

93636 

06364 

ltl02 

18466 

11 

6  33  20 

5  26  40 

9.81549 

9.87887 

9.93661 

10.06339 

10,12113 

10.18451 

10 

33  12 

26  48 

81563 

87877 

93687 

06313 

12123 

18437 

9 

33  4 

26  56 

81578 

87866 

93712 

06288 

12134 

18422 

8 

32  56 

27  4 

81592 

87855 

93738 

06262 

12145 

18408 

7 

32  48 

27  12 

81607 

87844 

93763 

06237 

12166 

18393 

6 

6  32  40 

5  27  20 

9.81622 

9.87833 

9.93789 

10.06211 

10.12167 

10.18378 

5 

32  32 

27  28 

81636 

,  87822 

93814 

06186 

12178 

18364 

4 

32  24 

27  36 

81651 

87811 

93840 

06160 

12189 

18349 

3 

32  16 

27  44 

81665 

87800 

93865 

06135 

12200 

18335 

2 

32  8 

27  52   81680 

87789 

93891   06109 

12211 

I*S2 

1 

32  0 

28  0   81694 

87778 

93916:   06084 

1222s 

18306 

0 

'ourp.MJHourA.M.  Co-sineJ 

Sine. 

Co-tang.i  Tangent. 

Co-Mcant  Secant  >  M  |  | 

Den. 

^ 

, 

Deg^ 

49. 

1 

ogle 


TABLE  XXVn. 


Log.  Sines.  Tangents  and  Secants. 

41  he^s. 

Degs,138. 

1  M 

HoarA.M. 

HOU1T.M. 

Sine. 

1  Co-sine.  flangent. 

Co-tang. 

Secant. 

Co-secaiu 

W 

0 

6  32  0 

5  28  0 

9.816941  9,877781  9.93916 

10.06084 

10.12222 

10.18306 

60 

1 

31  52 

28  8 

81709 

877671   93942 

06058 

12233 

18291 

69 

2 

31  4-1 

28  16 

81723 

87756 

93967 

06033 

12244 

18277 

68 

3 

31  ^6 

28  24 

81738 

87746 

93993 

06007 

12265 

18262 

67 

4 

31  28 

28  32 

81752 

87734 

94018 

05982 

12266 

18248 

5G 

6 

6  31  20 

5  28  40 

9.81767 

9.87723 

9.94044 

10.05956 

10.  I2277il0. 18233 

53 

6 

31  12 

28  48 

81781 

87712 

94069 

05931 

12288'   18219 

54 

7 

31  4 

28  56 

81^96 

87701 

94095 

06905 

12299   18204 

53 

8 

"30  56 

29  4 

81810 

87690 

94120 

05880 

12310 

18190 

62 

9 

30  48 

29  12 

81825 

87679 

94146 

05854 

12321 

18175 

61 

10 

6  30  40 

5  29  20 

9.81839'  9.87668 

9.94171 

10.05829 

iO. 12332 

10.18161 

50 

11 

30  32 

29  28 

81864   87657 

94197 

06803 

123^13 

18146 

49 

IS 

30  24 

29  36 

81868   87646 

94222 

05778 

1236'1 

18132 

48 

13 

30  16 

29  44 

81882!   87635 
818971   87624 

94248 

05752 

12365 

18118 

47 

14 

30  8 

29  52 

94273 

05727 

12376 

18103 

46 

15 

6  30  0 

5  30  0 

9.81911(  9.87613 

9.94299 

10,05701 

10.12387 

10.18089 

45 

16 

29  62 

30  8 

81926 

87601 

94324 

05676 

12399 

18074 

44 

17 

29  44 

80  16 

81940 

87590 

94350 

05650 

12410 

1R060 

43 

18 

29  36 

30  24 

81955 

87579 

94375 

05626 

12421 

18045 

42 

19 

29  28 

30  32 

81969^,   87568 

94401 

06599 

12432 

18031 

41 

20 

6  29  20 

5  30  4<) 

9.81983  9.87657 

9.94426 

10.05674 

10.12443 

10.18017 

40 

21 

29  12 

30  48 

81998 

87546 

94462 

05548 

12454 

18002 

39 

22 

29  4 

SO  56 

82012 

87535 

94477 

05523 

12465 

17988 

38 

23 

28  56 

31  4 

82026 

87524 

94603 

05497 

12476 

17974 

37 

24 

28  48 

31  12 

82041 

87513 

94528 

05472 

12487 

17969 

36 

25 

6  28  40 

5  31  20 

9.82056 

9.87501 

9.94564 

10.06446 

10.12499 

10.17946 

36 

26 

28  32 

31  28 

82069   87490 

94679 

05421 

12510 

17931 

34 

27 

28  24 

31  36 

82084   87479 

94604 

05396 

12521 

17916 

33 

28 

28  16 

31  44 

82098   87468 

94630 

05370 

12532 

17902 

32 

29 

28  8 

31  52 

82112   87457 

94666 

05345 

12543 

17888 

31 

30 

6  28  0 

5  32  0 

9.82126.  9.87446 

9.94681 

10.05319 

10.12554 

10.17874 

30 

31 

27  52 

32  8 

82141.   87434 

94706 

05294   12666 

17869 

29 

32 

27  4^1 

32  16 

8S155   87423 

94732 

05268   12677 

17845 

28 

33 

27  36 

32  24 

82169   87412 

94757 

05243 

12688 

17831 

27 

34 

27  28 

32  32 

82184 

87401 

94783 

06217 

12699 

17816 

26 

35 

6  27  20 

5  32  40!  9.82198 

9.87390 

9.94808 

10.05192 

10.12610 

10.17802 

25 

36 

27  12 

32  481   82212 

87378 

94834 

06166 

12622 

17788 

24 

37 

27  4 

32  56 

82226 

87367 

94869 

06141 

12633 

17774 

28 

38 

26  56 

33  4 

82240 

87366 

94884 

05116 

12644 

17760 

22 

39 

26  48 

33  12 

82255 

87345 

94910 

05090 

12655 

17746 

21 

40 

6  26  40 

5  33  20 

9.82269 

9.87334 

9.94936 

10.05065 

10.12666 

10.17781 

20 

41 

36  32 

33  28 

82283 

87322 

94961 

06039 

12678 

17717 

19 

42 

26  24 

33  36 

82297 

87311 

94986 

06014 

12689 

17703 

18 

43 

26  16 

33  14 

82311 

87300 

95012 

04988 

12700 

17689 

17 

44 

26  8 

33  62 

82326 

87288 

95037 

04963   12712! 

17674 

16 

45 

6  26  0 

5  34  0 

9.82340 

9.87277 

9.96062 

10.04938 

10.12723 

10.17660 

15 

46 

25  62 

34  8 

82354 

87266 

95088 

04912 

12734 

17646 

14 

47 

25  U 

34  16 

82368 

87256 

95118 

04887 

12745 

17682 

13 

48 

25  36 

34  24 

82382 

87243 

95139 

04861 

12767 

17618 

12 

49 

25  28 

34  32 

82396 

87232 

95164 

04836 

12768 

17604 

11 

1  50 

6  iid  20 

5  34  40 

9.82410 

9.87221 

9.96190 

10.04810 

10.12779 

10,17690 

10 

51 

25  12 

34  48 

82424 

87209 

95216 

04785 

12791 

17576 

9 

52 

25  4 

34  56 

82439 

87198 

95240 

04760 

12802 

17561 

8 

53 

24  66 

35  4 

82453 

87187 
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12813 
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7 

54 

24  48 

35  12 

82467 
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12825 
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6 

55 

6  24  40 

5  35  20 
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10.17519 
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04658 

12847 
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57 

24  24 

35  36 
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95368 

04632 

12859 

17491 
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58 

24  16 

35  44   825231 
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95893 

04607 

12870 

17477 

2 

69 
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35  52 
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TABLE  XXVn. 
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Loff.  Sinea,  Tangents  and  Secants 
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Secant 

Co-aecaat 

|M  , 

0 

6  24  0 

5  36  0 

9.82551 

9.87107 

9.95444 

10.04566 

10.12893 

10.17449]  60  1 

1 

23  52 

36  8 

82565 

87096 

96469 

04531 

12904 

17436 

59 

% 

23  44 

36  16 

82579 

87085 

95495 

04506 

12915 

17421 

1^ 

3 

23  36 

36  24 

82593 

87073 

95520 

04480 

12927 

17407  67 

4 

23  28 

36  32 

82607 

87062 

96545 

04465 

12938 

17393  66 

5 

6  23  20 

6  36  40 

9.82621 

9.87060 

9.96571 

10.04429 

10.12960 

10.17379  56 

6 

23  12 

36  48 

89635 

87039 

96596 

04404 

12961 

17366  64 

7 

23  4 

36  M 

82649 

87028 

96622 

04378 

12972 

17361 

63 

8 

22  56 

37  4 

82663 

87016 

96647 

04353 

12984 

]l^ 

63 

9 

22  48 

37  12 

82677 

87005 

96672 

04328 

12995 

17323 

61 

10 

6  22  40 

5  37  20 

9.82691 

9.86993 

9.96698 

10.04302 

10.13007 

10.17309 

60 

]I 

22  32 

37  28 

82705 

86982 

96723 

04277 

13018 

17295 

49 

12 

22  24 

37  36 

82719 

86970 

95748 

04262 

13030 

17281 

48 

•  IS 

22  16 

37  44 
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86969 

96774 

04226 

13041 

17267  47 

14 

22  8 

37  52 

82747 

86947 

96799 

04201 

13053 

17263  46 

15 

6  22  0 

5  38  0 

9.82761 

9.86936 

9.96826 

10.04175 

10.13064 

10.17239  45 

16 

21  52 

38  8 

82775 

86924 

96850 

04160 

13076 

17226  44 

17 

21  44 

38  16 

82788 

86913 

96876 

04126 

13087 

17212 

43 

18 

21  36 

38  24 

82802 

86902 

96901 

04099 

13098 

17198 

42 

19 

21  28 

38  32 

82816 

86890 

96926 

04074 

13110 

17184 

41 

to 

6  21  20 

5  38  40 

9.82830 

9.86879 

9.95962 

10.04048 

10.13121 

10.17170 

40 

SI 

21  12 

38  48 

8S844 

86867 

96977 

04023 

13133 

17156 

39 

ss 

21  4 

38  66 

82868 

86866 

96002 

03998 

13145 

17142 

38 

23 

20  56 

39  4 

82872 

86844 

96028 

03972 

13166 

17128 

37 

24 

20  48 

39  12 

82885 

86832 

96053 

03947 

13168 

17115 

36 

25 

6  20  40 

5  39  20 

9.82899 

9.86821 

9.96078 

10.03922 

10.13179 

10.17101 

36 

26 

20  32 

39  28 

82913 

86809 

96104 

03896 

13191 

17087 

34 

27 

20  24 

39  36 

82927 

86798 

96129 

03871 

13202 

17073 

33 

28 

20  16 

39  44 

82941 

86786 

96165 

03845 

13214 

17069 

32 

29 

20  8 

39  52 

82965 

86776 

96180 

03820 

13225 

17046 

31 

30 

6  20  0 

5  40  0 

9.82968 

9.86768 

9.96206 

10.03796 

10.13237 

10.17032 

30 

31 

19  52 

40  8 

82982 

86762 

96231 

03769 

13248 

17018 

29 

32 

19  44 

40  16 

82996 

86740 

96256 

03744 

13260 

17004 

28 

S3 

19  36 

40  24 

83010 

86728 

96281 

03719 

13272 

16990 

27 

34 

19  28 

40  32 

83023 

86717 

96307 

03693 

13283 

16977 

36 

36 

6  19  20 

5  40  40 

9.83037 

9.86706 

9.96332 

10.03668 

10.13295 

10.16963 

35 

36 

19.12 

40  48 

83051 

86694 

96367 

08643 

13306 

16949 

24 

37 

19  4 

40  56 

83066 

86682 

96383 

08617 

13318 

16936 

33 

38 

18  56 

41  4 

83078 

86670 

96408 

03692 

13330 

16922 

32 

39 

18  48 

41  12 

83092 

86659 

96433 

03567 

13341 

16908 

31 

40 

6  18  40 

5  41  20i  9.83106 

9.86647 

9.96469 

10.03541 

10.13353 

10.16894 

30 

41 

18  32 

41  28 

83120 

86636 

96484 

03616 

13363 

16880 

19 

42 

18  24 

41  36 

83133 

86624 

96510 

03490 

13376 

16867 

18 

43 

18  16 

41  44 

83147 

86612 

96635 

03465 

13388 

16863 

17 

44 

18  8 

41  52 

83161 

86600 

96660 

03440 

13400 

16839 

16 

r 

45 

6  18  0 

5  42  0 

9.83174 

9.86689 

9.96586 

10.03414 

10.13411 

10.16826 

U 

46 

17  52 

42  8 

83188 

86577 

96611 

03389 

13423 

16812 

14 

47 

17  44 

42  16 

83202 

86566 

96636 

03364 

13435 

16798 

13 
13 
11 

48 

17  36 

42  24 

83215 

86554 

96662 

03338 

13446 

16786 

49 

17  28 

43  32 

83229 

86542 

96687 

03313 

13468 

16771 

50 

6  17  20 

5  42  40 

9.83242 

9.86630 

9.96712 

10.03288 

10.13470 

10.16760 

10 

51 

17  12 

42  48 

83256 

86618 

96738 

03262 

13482 

16744 

52 

17  4 

42  66 

83270 

86607 

96763 

03237 

13493 

16730 

53 

16  56 

43  4 

83283 

86495 

96788 

03212 

13505 

16711 

54 

16  48 

43  12 

83297 

86483 

96814 

03186 

13617 

16703 

1  65 

6  16  40 

5  48  20 

9.83310 

9.86472 

9.96839 

10.03161 

10.13628 

10.16690 

56 

16  32 

43  28 

83324 

86460 

96864 

03136 

13640 

16676 

!  57 

16  24 

48  36 

83338 

86448 

96890 

03110 

13662 

16662 

1  58 

16  16 

43  44 

83351 

86436 

96915 

03085 

13664 

16649 

I        \ 

'  59 

16  8 

43  52 

83365 

86425 

96940 

09060 

13576 

16635 
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60 
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44  0 
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86413 
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Log.  Sines,  Tmgents  and  Secants. 

• 

43D«gi. 

Degs.  136. 

M 

HourA.M.|Hourp.ii. 

Sine. 

Co-sme. 

Tftiigent 

Co-mng. 

Secant 

C(»-8ecan(|  M 

0 

6  16  0 

5  44  01  9.83378 

9.86413 

9.96966 

10.08034 

10.13587 

10.166221  60 

1 

15  52 

44  8 

83392 

86401 

96991 

03009 

13599 

166081  59 

2 

15  44 

44  16 

88405 

86389 

97016 

02984 

18611 

16595  58 

3 

15  36 

44  24 

8B419 

86377 

97042 

02958 

13623 

16581 

57 

4 

16  28 

44  32 

88432 

86866 

97067 

02933 

13634 

16568 

56 

6 

6  16  20 

5  44  40 

9.83446 

9.86364 

9.97092 

10.02908 

10.13646 

10.16564 

55 

6 

15  12 

44  48 

83469 

86342 

97118 

02882 

13658 

16541 

54 

7 

15  4 

44  66 

83473 

86830 

97143 

02857 

13670 

16527 

53 

8 

14  56 

46  4 

83486 

86318 

97168 

02832 

13682 

16514 

52 

9 

14  48 

46  12 

88500 

86306 

97193 

02807 

13694 

16500 

51 

10 

6  14  40 

645  20 

9.83513 

9.86296 

9.97219 

10.02781 

10.13706 

10.16487 

60 

11 

14  32 

46  28 

835n 

86283 

97244 

02756 

13717 

16473 

49 

1$ 

14  24 

46  36 

83640 

86271 

97269 

02731 

13729 

16460 

48 

13 

14  16 

45  44 

83654 

86259 

97295 

02705 

18741 

16446 

47 

14 

14  8 

46  52 

83567 

86247 

97320 

02680 

13753 

16433 

46 

15 

6  14  0 

5  46  (^ 

9.83681 

9.86236 

9.97846 

10.02655 

10.13766 

10.16419 

45 

16 

13  52 

4«  8 

88594 

86223 

97371 

02629 

13777 

16406 

44 

17 

13  44 

46  16 

88608 

86211 

97396 

02604 

13789 

16392 

43 

18 

13  36 

•46  24 

88621 

86200 

97421 

02579 

138O0 

16379 

42 

19 

13  28 

46  32 

83634 

86188 

97447 

02553 

13812 

16366 

41 

JO 

6  13  20 

546  40 

9.83648 

9.86176 

9.97472 

10.02628 

10.13824 

10.16352 

40 

21 

13  12 

46  48 

83661 

86164 

97497 

02503 

1383(3 

16339 

39 

22 

13  4 

46  56 

83674 

86152 

97523 

02477 

13848 

16326 

38 

23 

12  56 

47  4 

83688 

86140 

97548 

02432 

13860 

1631!^ 

37 

24 

12  48 

47  12 

83701 

86128 

97573 

02427 

13872 

16299 

36 

26 

6  12  40 

6  47  20 

9.83715 

9.86116 

9.97698 

10.02402 

10.13884 

10.16285 

35 

26 

12  32 

47  28 

83728 

86104 

97624 

02376 

13896 

16272 

34 

27 

12  24 

47  36 

83741 

86092 

97649 

02351 

13908 

16259 

33 

28 

12  16 

47  44 

83755 

86080 

97674 

02326 

13920 

16245 

32 

29 

12  8 

47  52 

83768 

86068 

97700 

02300 

13932 

16232 

31 

30 

6  12  0 

5  48  0 

9.83781 

9.86056 

9.97725 

10.02275 

10.13944 

10.16219 

30 

31 

11  52 

48  8 

83795 

86044 

97750 

02250 

13956 

16205 

29 

32 

11  44 

48  16 

83808 

86032 

97776 

02224 

13968 

16192 

28 

35 

11  36 

48  24 

83821 

86020 

97801 

02199 

13980 

16179 

27 

34 

11  28 

48  32 

86008 

97826 

02174 

13992 

16166 

26 

35 

6  It  20 

548  40 

9.83848 

9.86896 

9.97851 

10.02149 

10.14004 

10.16152 

25 

36 

11  12 

48  48 

83861 

86984 

97877 

02123 

14016 

16139 

24 

37 

11  4 

48  56 

83874 

86972 

97902 

02098 

14028 

16126 

23 

38 

10  56 

49  4 

83887 

86960 

97927 

02073 

14040 

16113 

22 

39 

10  48 

49  12 

83901 

86948 

97953 

02047 

14052 

16099 

21 

40 

6  10  40 

5  49  20 

9.83914 

9.86936 

9.97978 

10.02022 

10.14064 

10.16086 

20 

41 

10  32 

49  28 

83927 

86924 

98003 

01997 

14076 

16073 

19 

42 

10  24 

49  36 

83940 
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98029 

01971 

14088 

16060 

18 

43 

10  16 

49  44 

83954 

86900 

98054 

01946 

14100 

16046 

17 

44 

10  8 

49  52 

83967 

86688 

98079 

01921 

14112 

16033 

16 

46 

6  10  0 

5  50  0 

9.83980 

9.85876 

9.98104 

10.01896 

10.14124 

10.16020 

15 

46 

9  62 

60  8 

83993 

86864 

98130 

01870 

14136 

16007 

14 

47 

9  44 

50  16 

84006 

86851 

98155 

01845 

14149 

15994 

13 

46 

9  36 

60  24 

84020 

85639 

98180 

01820 

14161 

16980 

12 

49 

9  28 

50  32 

84033 

85827 

98206 

01794 

14173 

15967 

11 

66 

6  9  20 

550  40 

9.84046 

9.86815 

9.98231 

10.01769 

10.14185 

10.16954 

10 

51 

9  12 

60  48 

84059 

86803 

98256 

01744 

14197 

16941 

9 

52 

9  4 

60  56 

84072 

86791 

98281 

01719 

14209 

16928 

8 

63 

8  56 

61  4 

84086 

86779 

98307 

01693 

14221 

16915 

7 

64 

8  48 

61  12 

84098 

86766 

98332 

01668 

14234 

16902 

6  ' 

55 

6  8  40 

6  M  20 

9.84112 

9.85764 

9.98357 

10.01643 

10.14246 

10.16888 

5  1 

56 

i  8  32 

61  28 

84126 

85742 

98383 

01617 

14258 

15876 

4 

57 

8  24 

61  86 

84138 

85730 

98408 

01692 

14270 

15862 

3 

58 

8  16 

61  44 

84151 

85718 

98433 

01567 

14282 

15849 

2 

59 

8  8 

61  62 

84164 

86706 

98468 

01642 

14294 

15836 

1 

60 

8  0 

52  0 

84177 

85693   984641 

01516 

14307 

16823 

0 

'M' 

HoilTPJI. 

HoiirA.li. 

Co-aine.   Sine.  ICo-tMPff.lTaiig^QU 

Co-flocaat 

Secant. 

M 

133 

De»L 

uiyi 

,z.u  uy  ^ 

.j^fc 

16'' 
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TABLE  XXVII. 
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Log.  Sines,  Tangents  and  Secants. 

1 

'W 

Degs.                                           Degs.  135.    j 

M 

HourA.M. 

Hourp.M. 

Sine. 

Co-sine. 

Tangent. 

Co-tang. 

Secant 

Co-aecant 

M   . 

0 

6  8  0 

5  52  0 

9.84177 

9.85693 

9.98484 

10.01516 

10.14307 

10.15823 

60 

1 

7  52 

52  8 

84190 

86681 

98509 

01491 

14319 

15810 

59 

2 

7  44 

52  16 

84203 

85669 

98534 

01466 

14331 

16797 

58 

3 

7  36 

52  24 

84216 

85657 

98560 

01440 

14343 

16784 

57 

4 

7  28 

52  32 

84229 

85646 

98586 

01415 

14355 

15771 

56 

5 

6  7  20 

5  52  40 

9.84242 

9.85632 

9.98610 

10.01390 

10.14368 

10.15758 

55 

6 

7  12 

52  48 

84266 

85620 

98635 

01365 

14380 

16745 

54 

7 

7  4 

52  56 

84269 

85608 

98661 

01339 

14392 

15731 

53 

8 

6  56 

53  4 

84282 

85596 

98686 

01314 

14404 

16718 

52 

9 

6  48 

53  12 

84295 

86583 

98711 

01289 

14417 

15705 

51 

10 

6  6  40 

5  53  20 

9.84308 

9.86571 

9.98737 

10.01263 

10.14429 

10.15692 

50 

U 

6  32 

53  28 

84321 

85669 

98762 

01238 

14441 

15679 

49 

12 

6  24 

53  36 

84334 

85547 

98787 

01213 

14453 

15666 

48 

13 

6  16 

53  44 

84347 

85534 

98812 

01188 

14466 

15653 

47 

14 

6  8 

53  52 

84360 

86622 

98838 

01162 

14178 

15640 

46 

15 

6  6  0 

5  54  0 

9.84373 

9.85610 

9.98863 

10.01137 

10.14490 

10.15627 

45 

16 

5  52 

54  8 

84385 

86497 

98888 

01112 

14603 

156U 

44 

17 

5  44 

54  16 

84398 

85486 

98913 

01087 

14515 

1560» 

43 

18 

5  36 

54  24 

84411 

85473 

98939 

01061 

14627 

16689 

42 

19 

5  28 

54  32 

84424 

85460 

98964 

01036 

14640 

15576 

41 

20 

6  5  20 

5  54  40 

9.84437 

9.85448 

9.98989 

10.01011 

10.14552 

10.15563 

40 

21 

5  12 

54  48 

84450 

85436 

99015 

00986 

14564 

15560 

39 

22 

5  4 

54  56 

84463 

85423 

99040 

00960 

14577 

15637 

38 

23 

4  56 

55  4 

84476 

85411 

99065 

00935 

14589 

16524 

37    ; 

24 

448 

56   12 

84489 

85399 

99090 

00910 

14601 

16511 

36    1 

25 

6  440 

5  56  20 

9.84602 

9.85386 

9.99116 

10.00884 

10.14614 

10.15498 

35    1 

26 

4  32 

65  28 

84515 

85374 

99141 

00859 

14626 

15485 

34   ! 

27 

4  24 

55  36 

84528 

85361 

99166 

00834 

14639 

15472 

S3   t 

28 

4  16 

55  44 

84540 

85349 

99191 

00809 

14651 

16460 

St 

29 

4  8 

55  62 

84553 

85337 

99217 

00783 

14663 

16447 

31    1 

30 

6  4  0 

5  56  0 

9.84666 

9.85324 

9.99242 

10.00758 

10.14676 

10.15434 

30 

31 

3  52 

56  8 

84579 

85312 

99267 

00733 

14688 

154S1 

29 

32 

3  44 

66   16 

84592 

85299 

99293 

00707 

14701 

15408 

28 

33 

3  36 

56  24 

84606 

85287 

99318 

00682 

14713 

16396 

27 

34 

3  28 

66   32 

84618 

85274 

99343 

00657 

14726 

1538S 

26 

35 

6  3  20 

5  66  40 

9.84630 

9.85262 

9.99368 

10.00632 

10.14738 

10.15370 

26 

36 

3  12 

66  48 

84643 

85250 

99394 

00606 

14750 

15357 

24 

37 

3  4 

56   56 

84656 

85237 

99419 

00581 

14763 

15344 

23 

38 

2  56 

67  4 

84669 

85225 

99444 

00556 

14775 

15331 

22 

39 

2  48 

67  12 

84682 

85212 

99469 

00531 

14788 

15318 

21 

40 

6  240 

5  67  20 

9.84694 

9.86200 

9.99496 

10.00506 

10.14800 

10.15306 

20 

41 

2  32 

67  28 

84707 

85187 

99520 

00480 

14813 

16293 

19 

42 

2  24 

57  36 

84720 

85176 

99645 

00455 

14825 

16280 

18 

43 

2  16 

57  44 

84733 

85162 

99570 

00430 

14838 

16267 

17 

44 

2  8 

57  62 

84746 

86150 

99596 

00404 

14860 

15255 

16 

45 

6  2  0 

5  58  0 

9.84758 

9.85137 

9.99621 

10.00379 

10.14863 

10.15242 

15 

46 

1  52 

68  8 

84771 

85126 

99646 

00354 

14875 

15229 

14 

47 

1  44 

68  16 

84784 

85112 

99672 

00328 

14888 

15216 

13 

48 

1  36 

58  24 

84796 

85100 

99697 

00303 

14900 

16204 

12 

49 

1  28 

58  32 

84809 

85087 

99722 

00278 

14913 

15191 

11 

50 

6  1  20 

5  58  40 

9.84822 

9.85074 

9.99747 

10.00253 

10.14926 

10.15178 

10    ; 

51 

1  12 

58  48 

84835 

86062 

99773 

00227 

14988 

15165 

5   ! 

5S 

1  4 

58  56 

84847 

85049 

99798 

00202 

14951 

16153 

8 

53 

0  56 

59  4 

84860 

85037 

99823 

00177 

14963 

16140 

7   ♦ 

54 

0  48 

59  12 

84873 

85024 

99848 

00152 

14976 

15127 

6 

55' 

6  0  40 

5  59  20 

9.84886 

9.86012 

9.99874 

10.00126 

10.14988 

10.15115 

5 

56 

0  32 

59  28 

84898 

84999 

99899 

00101 

15001 

15102 

4 

57 

0  24 

59  36 

84911 

84986 

99924 

00076 

16014 

15089 

3 

68 

0  16 

59  44 

84923 

84974 

99949 

00051 

15026 

15077 

S 

59 

0  8 

59  5i 

84936 

84961 

99975 

00025 

16039 

15064 

I 

60 

0  0 

6  0  0 

64946 

84949 

10.00000 

00000 

15051 

15051 

O 

M 

Hourp.M. 

HourA.M. 

Co-sine. 

Sine. 

Co-tnng. 

Tangent. 

Co-secant 

Secant 

Bi 

i^CT. 

■■ 

' 
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Table  XXVIII.    For  reducing  the  time  of  tfie  Moon's 

Table  XXIX. 

passage  over  the  Meridian  of  Greenwich  to  the  Time 

Correction    of 

of  its  passage  over  any  other  Meridian. 

moon's  altitude 

The  numbers  taken  from  this  Table  are  to  be  added  to 

forParallaxand 

the  Time  at  Greenwich  in  West  Longitude,  but  sub- 

Refraction. 

tracted  in  East. 

Daily  variation  of  the  Moon's  passmg  the  Meridian.              i 

1 

DaltCorrl^alttCorr 
Deg.  Min.;Deg.|Mui. 

10 

51 

61 

36 

Sh's 

/ 

y 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

1 

/ 

/ 

/ 

/ 

Sh's 

Lon. 

40 

42 

44 

16 

48 

60 

82 

64 

56 

68 

60^ 

62 

S4_ 

36 

Lon. 

11 
12 

62 

62 

62 
63 

35 
34 

0 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

o 

13 

62 

64 

33 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

62 

55 

32 

6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

] 

1 

1 

6 

15 

62 

66 

32 

10 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

10 

16 

62 

67 

31 

16 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

16 

17 

62 

68 

30 

20 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

20 

18 

62 

69 

29 

25 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

5 

26 

19 

52 

60 

28 

30 

3 

3 

4 

4 

4 

4 

4 

4 

5 

6 

6 

5 

5 

6 

30 

20 

61 

35 

4 

4 

4 

4 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

36 

21 

51 

61 

27 

40 

4 

5 

5 

5 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

40 

22 

61 

62 

26 

45 

5 

5 

5 

6 

6 

6 

6 

7 

7 

7 

7 

8 

G 

8 

45 

23 

61 

63 

26 

50 

6 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 

9 

\) 

9 

50 

24 

60 

64 

26 

55 

6 

6 

7 

7 

7 

8 

8 

8 

9 

9 

9 

9 

10 

10 

55 

26 
26 

60 
60 

66 
66 

24 
28 

60 

7 

7 

7 

8 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

60 

65 

7 

8 

8 

8 

9 

9 

9 

10 

10 

10 

11   \\ 

12 

12 

65 

27 

49 

67 

22 

70 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

12    12 

12 

13 

70 

28 

49 

68 

21 

75 

8 

9 

9 

10 

10 

10 

11 

11 

12 

12 

12    13 

13 

14 

76 

29 

49 

69 

20 

80 

9 

9 

10 

10 

11 

11 

12 

12 

12 

13 

13    14 

14 

16 

80 

30 

48 

70 

19 

85 

9 

10 

10 

11 

U 

12 

12 

13 

13 

14 

14    15 

15 

16 

86 

31 

48 

71 

18 

90 

10 

10 

11 

11 

12 

12 

13 

13 

14 

14 

15    15 

16 

16 

90 

32 

47 

72 

17 

95 

11 

11 

12 

12 

13 

13 

14 

14 

15 

16 

16    16 

17 

17 

96 

33 

47 

73 

17 

100 

11 

12 

12 

13 

13 

14 

14 

15 

16 

16 

17    17 

18 

18 

100 

34 

46 

74 

16 

105 

12 

12 

13 

13 

14 

15 

15 

16 

16 

17 

17  ,13 

19 

19 

106 

36 
36 
37 
38 
39 
40 

46 
46 

76 

76 

15 
14 
13 
12 

no 

12 

13 

13 

14 

16 

15 

16 

16 

17 

18 

18    19 

20 

20 

110 

116 

13 

13 

14 

15 

15 

16 

17 

17 

18 

19 

19    20 

20 

21 

116 

46 

77 

no 

13 

14 

15 

15 

16 

17 

17 

18 

19 

19 

20    21 

21 

22 

123 

44 

78 

12o 

14 

15 

15 

16 

17 

17 

18 

19 

19 

20 

21    22 

22 

23 

125 

44 

79 

11 

10 

130 

14 

15 

16 

17 

17 

18 

19 

19 

20   21 

22   22 

23 

24 

130 

43 

80 

135 

15 

16 

16 

17 

18 

19 

19 

20 

21    22 

22    23 

24 

25 

135 

41 

42 

81 

9 

140 

16 

16 

17 

18 

19 

19 

20 

21 

22 

28 

23  j24 

25 

26 

140 

42 

42 

82 

8 

145 

16 

17 

18 

19 

19 

20 

21 

22 

23 

23 

^4  126 

26 

27 

146 

43 

41 

83 

7 

150 

17 

17 

18 

19 

20 

21 

22 

22 

23 

24    25   26 

27 

27 

160 

44 

46 
46 
47 

40 

84 

6 

156 

17 

18 

19 

20 

21 

22 

22 

23 

24 

26 

26   27 

28 

28 

Vhb 

40 
39 
38 

86 
86 
87 

5     J 

4 

3 

160 

18 

19 

20 

20 

21 

2t> 

23 

24 

26 

26 

27   28 

28 

29 

160 

165 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

27  !28 

29 

30 

166 

48 

38 

88 

2 

170 

19 

20 

21 

22 

23 

24 

26 

25 

26 

27 

28   29 

30 

31 

170 

49 

37 

89 

1 

175 

19 

20 

21 

22 

23 

24 

25  126 

26  '27 

27 

28 

29   30 

31 

32 

175 

60 

ftfi 

QA 

A 

180 

20  |21 

22 

23 

24 

25 

28 

29 

30   31    32 

33 

180 

40' 

|42' 

44' 

|46' 

48' 

SO' 

52'|54< 

56f 

68/ 

W  62'  64^ 

66' 

f 

_•     piniti7Rd 
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TABLE  XXX.                                              1 

or  redaciiiff  the  Moon's 

DecliOtatiom  as  eiven  in  the  Nantcal  Almanac  for  Noon  and    i 

Mtdnidit  at  Greenwich,  to  any  other  time  ander  any  other  Meridian.                   i 

Time 

Variation  of  the  Moon's  ^ctination  in  twelve  Hours.            { 

Time 
from 

from 

O— 7 

o'    / 

6-  / 

0      1 

0       i 

0    y 

o     / 

0^     / 

O       i 

Q      i 

o     / 

o     / 

o     / 

Noon. 

0    9 

0  10 

0  16 

OfO 

0  26 

0  80 

0  86 

0  40 

0  46 

0  60 

0  66 

1    0 

1    6 

Noon. 

Oh  (y 

O' 

C 

0' 

C 

O' 

O' 

O' 

0' 

O' 

O' 

Of 

OO  0* 

12h  O' 

0  IS 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0     1 

IS  IS 

024 

0 

0 

1 

1 

1 

1 

1 

1 

2 

2 

2 

0    2 

IS  24 

0  86 

0 

1 

1 

I* 

t 

2 

2 

'2 

2 

3 

3 

0    8 

IS  86 

048 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

0    4 

12  48 

1    0 

0 

1 

1 

2 

2 

2 

8 

3 

4 

4 

6 

6 

0    6 

18    0 

1  12 

1 

1 

2 

S- 

Z 

3 

4 

4 

6 

6 

6 

0    6 

18  IS 

124 

1 

2 

2 

3 

3 

4 

6 

6 

6 

6 

7 

0    8 

13  S4 

1  36 

1 

2 

3 

3 

4 

6 

6 

6 

7 

7 

8 

0    9 

18  ^ 

1  48 

1 

2 

3 

4 

4 

6 

6 

*l 

7 

8 

9 

0  10 

18  48 

£    0 

2 

2 

3 

4 

6 

6 

7' 

7 

8 

9 

10 

0  11 

14    0 

2  12 

2 

4 

6 

6 

6 

7 

8 

9 

10 

11 

0  12 

14  IS 

2  24 

2 

4 

6 

6 

7 

8 

9 

10 

11 

12 

0  13 

14  S4 

2  96 

2 

4 

6 

6 

8 

9 

10 

11 

12 

13 

0  14 

14  86 

2  48 

2 

6 

6 

7 

8 

9 

10 

12 

13 

14 

0  15 

U  48 

3    0 

2 

6 

6 

7 

9 

10 

11 

t2 

14 

15 

0  16 

15    0 

3  12 

3 

6 

7 

8 

9 

11 

12 

13 

16 

16 

0  17 

15  IS 

3  24 

3 

6 

7 

8 

10 

11 

13 

14 

16 

17 

0  18 

16  24 

3  36 

3 

6 

7 

9 

10 

12 

13 

16 

16 

18 

0  19 

16  86 

3  48 

8 

6 

8 

9 

11 

13 

14 

16 

17 

19 

0  21 

15  48 

4    0 

3 

7 

8 

10 

12 

13 

15 

17 

18 

20 

0  22 

16     0 

4  12 

3 

7 

9 

10 

12 

14 

16 

17 

19 

21 

023 

16  12 

424 

4 

7 

9 

11 

13 

15 

16 

18 

20 

22 

0  24 

16  24 

486 

4 

8 

10 

11 

13 

15 

17 

19 

21 

23 

0  25 

16  86 

448 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

0  26 

16  48 

5    0 

4 

6 

8 

10 

12 

16 

17 

19 

21 

23 

26 

0  27 

17    0 

6  12 

4 

6 

9 

11 

13 

16 

17 

19 

32 

24 

26 

0  28 

17  12 

624 

4 

7 

9 

11 

13 

16 

18 

20 

22 

26 

27 

0  29 

17  24 

6  36 

6 

7 

9 

12 

14 

16 

19 

81 

23 

26 

28 

0  30 

17  36 

5  48 

e 

7 

10 

12 

14 

17 

19 

22 

24 

27 

29 

0  31 

17  48 

6    0 

2 

ft 

7 

10 

12 

16 

17 

20 

22 

26 

27 

30 

0  32 

13    0 

6  12 

3 

6 

8 

10 

13 

16 

18 

21 

23 

26 

28 

31 

0  84 

18  12 

6  24 

3 

5 

8 

11 

13 

16 

19 

21 

24 

27 

29 

32 

0  35 

18  24 

6  36 

3 

5 

8 

11 

14 

16 

19 

22 

26 

27 

30 

33 

036 

18  86 

6  48 

3 

6 

8 

11 

14 

17 

20 

23 

26 

28 

31 

34 

0  37 

18  48 

7    0 

3 

6 

9 

12 

15 

17 

20 

23 

26 

29 

32 

35 

0  88 

19    0 

7  12 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

0  89 

19  IS 

7  24 

3 

6 

9 

12 

16 

18 

22 

26 

28 

31 

84 

37 

0  40 

19  S4 

7  36 

3 

6 

9 

13 

16 

19 

22 

26 

28 

32 

36 

38 

0  41 

19  36 

7  48 

3 

6 

10 

13 

16 

19 

23 

26 

29 

32 

36 

89 

042 

19  48 

8     0 

3 

7 

10 

13 

17 

20 

23 

27 

80 

33 

37 

40 

0  48 

SO    0 

8  12 

8 

7 

10 

14 

17 

20 

24 

27 

31 

34 

38 

41 

0  44 

SO  12 

8  24 

3 

7 

10 

14 

17 

21 

24 

28 

81 

86 

38 

4S 

046 

20  24 

8  36 

4 

7 

U 

14 

18 

21 

26 

29 

82 

^ 

89 

43 

0  47 

20  86 

8  48 

4 

7 

11 

16 

18 

22 

26 

29 

83 

87 

40 

44 

048 

20  48 

9    0 

4 

7 

11 

16 

19 

22 

26 

30 

34 

37 

41 

46 

0  49 

SI     0 

9  12 

4 

8 

11 

16 

19 

S3 

27 

31 

34 

38 

4S 

46 

060 

SI  IS 

9  24 

4 

8 

12 

16 

20 

S3 

27 

31 

86 

39 

43 

47  f  0  61 

SI  S4 

9  36 

4 

8 

12 

16 

SO 

S4 

28 

83 

86 

40 

44 

48  1  0  as 

SI  86 

948 

4 

8 

12 

16 

20 

S4 

29 

i57 

41 

46 

49 

068 

SI  48 

10    0 

4 

8 

12 

17 

21 

26 

29 

33 

87 

42 

46 

60 

OM 

2S    0 

10  12 

4 

8 

13 

17 

21 

26 

30 

34 

88 

42 

47 

61 

066 

SS  IS 

10  24 

4. 

9 

18 

17 

22 

26 

30 

36 

39 

43 

48 

62 

066 

SS  S4 

10  36 

4 

9 

13 

18 

22 

26 

31 

36 

40 

44 

49 

63 

0  67 

SS86 

10  48 

4 

9 

13 

18 

22 

27 

31 

86 

40 

46 

49 

64 

OM 

SS  48 

11     0 

5 

9 

14 

18 

23 

27 

82 

37 

41 

46 

60 

55 

1    0 

S8    0 

11  12 

5 

9 

14 

19 

23 

28 

33 

37 

42 

47 

61 

66      1     1 

SSlft 

11  24 

6 

9 

14 

19 

24 

28 

33 

88 

48 

47 

62 

67     1    S 

S8S4 

11  36 

6 

10 

14 

19 

24 

29 

34 

39 

43 

48 

63 

68 

1    8 

S3  86 

11  48 

5 

10 

16 

20 

26 

29 

34     39f44| 

49 

64 

69 

1    4 

S8  48 

12    0 

6 

10 

16 

20 

26 

30     36|  40  '  46  '  60  ' 

66     601 

1    6] 

S4    0 

i 

O' 

'^" 

TABLft  XXX. 

J 

For  redncini 

rthe  filooB's  Declination,  as  riven  in  the  Nautical  Almanac  for  Noon  i 

MidDisht  at  Greenwich,  to  any  other  time  under  any  other  Meridian. 

Time 
from 

Variation  of  the  Moon's  Declination  in  twelve  Hours.       j 

Time 

6"  /■ 

6    1 

o    / 

o    / 

o    / 

o    / 

0     / 

e^/ 

D      / 

O      / 

from 

Noon. 

1  10 

1  15 

I  20 

1  25 

1  30 

1  35 

140 

1  45 

1  60 

1  55 

Noon. 

Oh  (y 

oo  (y 

0°  V 

OO  O' 

©o  O' 

OOO' 

^  O' 

OOO' 

0°  O' 

OO  O' 

OO  O' 

12h  0" 

0  12 

0    1 

0     1 

0    1 

0    1 

0     1 

0    2 

0    2 

0    2 

0    2 

0    2 

12  12 

0  S4 

0    2 

0    2 

0    3 

0    3 

0    3 

0    3 

0    3 

0    3 

0    4 

0    4 

12  24 

0  36 

0    3 

0    4 

0    4 

0    4 

0    4. 

0    5 

0    5 

0    6 

0    6 

0    6 

12  36 

0  48 

0    5 

0    5 

0    6 

0    6 

0    6 

0    6 

0    7 

0    7 

0    7 

0    8 

12  48 

1     0 

0    6 

0    6 

0    7 

0    7 

0    7 

0    8 

0    8 

0    9 

0^   9^ 

0  10 

r  13  0 

1  It 

0    7 

0    7 

0     8 

0    8 

0    9 

0    9 

0  10 

0  10 

0  11 

0  11 

13  12 

1  £4 

0    8 

0    9 

0    9 

0  10 

0  10 

0  11 

0  12 

0  12 

0  13 

0  13 

13  24 

1  3^ 

0    9 

0  10 

0  11 

0  11 

0,12 

0  13 

0  13 

0  14 

0  15 

0  16 

13  36 

1  48 

0  10 

0  11 

0  12 

D  13 

0  13 

0  14. 

0  16 

0  16 

0  16 

0  17 

13  48 

S    0 

0  12 

0  12 

0  13 

[)  U 

0  15 

0  16 

0  17 

0  17 

0  18 

0  19 

14    0 

t  It 

0  13 

0  14 

0  16 

0  16 

0  i6 

0  17 

0  18 

D  19 

0  20 

0  2t 

14^12 

t  24 

0  14 

0  16 

0  16 

0  17 

0  18 

0  19 

0  20 

0  21 

0  22 

0  23 

14  24 

2  36 

0  16 

0  16 

0  17 

0  18 

0  19 

0  21 

0  22 

0  23 

0  24 

0  25 

14  36 

2  48 

0  16 

0  17 

0  19 

0  20 

0  21 

0  22. 

0  23 

0  24 

0  26 

0  27 

14  48 

3    0 

0  17 

0  19 

0  20 

0  21 

0  22 

0  24 

0  26 

0  26 

0  27 

0  29 

15    0 

3  12 

0  19 

0  20 

0  21 

0  29 

e24 

026 

0i7 

0  28 

0  29 

0  31^ 

\b  12 

324 

0  20 

0  21 

0  23 

0  24 

0  25 

0  27 

0  28 

0  30 

0  31 

0  33 

16  24 

3  36 

0  21 

0  22 

OM 

0  25 

0  27 

0  28 

0  30 

0  31 

0  33 

0  34 

16  36 

3  48 

0  22 

0  24 

0  25 

0  27 

0  28 

0  30 

0  32 

0  33 

0  35 

0  36 

16  49 

4    0 

0  23 

0  25 

0  27 

0  28 

0  30 

0  32 

0  33 

0  35 

0  37 

0  38 

16    0 

4  12 

0  24 

0  26 

0  28 

0  30 

0  31 

0  33 

0  36 

0^37 

0  38 

0  40 

16^12 

4  24 

0  26 

0  27 

0  29 

0  31 

0  33 

0  35 

0  97 

0  38 

0  40 

0  42 

16  24 

4  36 

0  27 

0  29 

0  31 

0  33 

0  34 

0  36 

9  38 

0  40 

0  42 

0  44 

16  36 

448 

0  28 

0  30 

0  32 

0  34 

0  36 

0  38 

0  40 

0  42 

0  44 

0  46 

16  4^ 

5    0 

0  29 

0  31 

0  33 

0  35 

0  37 

0  40 

0  42 

0  44 

0  46 

0  48 

17    0 

6  12 

0  30 

0  32 

0  35 

0  37 

0  39 

0  41 

o4s 

0  46 

0  48^ 

0  66 

17  12 

6  24 

0  31 

0  34 

0  36 

0  38 

0  40 

0  43 

0  46 

0  47 

0  49 

6  6^ 

17  24 

6  36 

0  33 

0  35 

0  37 

0  40 

0  42. 

0  44 

0  47 

0  49 

0  61 

0  64 

17  36 

5  48 

0  34 

0  36 

0  39 

0  41 

0  43. 

0  46 

0  48 

0  51 

0  63 

0  56 

17  48 

6    0 

0  35 

0  37 

0  40 

0  42 

0  45 

0  47 

()  60 

0  62 

0  55 

0  67 

18    0 

6  12 

0  36 

0  39 

0  41 

0  44 

0  46 

0  49 

0  62 

0  64 

0  57 

0  69 

IB  12 

6  24 

0  37 

0  40 

0  43 

0  45 

0  48 

0  51 

0  63 

0  56 

0  59 

1     1 

13  24 

6  36 

0  38 

0  41 

0  44 

0  47 

0  49 

0  62 

0  bb 

0  68 

1     0 

1    3 

18  36 

6  48 

0  40 

0  42 

0  45 

9  48 

0  51 

0  64 

0  67 

0  59 

1     2 

1     6 

18  48 

7    0 

0  41 

0  44 

0  47 

0  60 

0  62 

0  65 

0  58 

1     1 

1    4 

1     7 

19    0 

7  12 

0  42 

0  45 

0  48 

0  61 

0  64 

0  67 

1    a 

1     3 

1     6 

1    9 

19  12 

724 

0  43 

0  46 

0  49 

0  62 

0  66 

0  69 

1    2 

1     6 

1     8 

1  11 

19  24 

7  36 

0  44 

0  47 

0  61 

0  64 

0  tn 

1     0 

1     3 

1     6 

1  10 

1  13 

19  36 

7  48 

0  45 

0  49 

0  62 

0  66 

0  68 

I    2 

1     6 

1     8 

1  11 

1  16 

19  48 

8    0 

0  47 

0  60 

0  63 

0  67 

1     0 

1     3 

1     7 

1  10 

1  13 

1  17 

20    0 

8  12 

0  48 

0  61 

0  66' 

0  68 

1     1 

1     6 

1     8 

1  12 

1  16 

1  19 

20  12 

8  24 

0  49 

0  62 

0  66 

0  69 

1     3 

1     6 

1  10 

1  13 

1  17 

1  20 

.20  24 

8  36 

0  50 

0  64 

0  67 

1     1 

1     4 

1     8 

1  12 

1  16 

1  19 

1  22 

20  36 

8  48 

0  51 

0  66 

0  69 

1    2 

1     6 

1  10 

1  13 

I  17 

1  21 

1  24 

20  48 

9    0 

0  62 

0  66. 

1    0 

1    4 

1    7 

1  11 

1  16 

1  19 

1  22 

1  26 

21     0 

9  12 

0  54* 

0  67 

11 

1    6 

1     9 

1  13 

1  17 

1  20 

i24 

1  28 

21  U 

d  24 

0  65 

0  69 

1    3 

1    7 

1  10 

1  14 

1  18 

1  22 

1  26 

1  30 

21  24 

9  36 

0  66 

1    0 

1    4 

1     8 

1  12 

1  16 

1  20 

1  24 

1  28 

1  32 

21  36 

9  48 

0  67 

1     1 

1    6 

1    9 

1  13 

1  18 

1  22 

1  26 

1  30 

1  34 

21  48 

10    0 

0  68 

1     2 

1    7 

1  11 

1  16 

1  19 

1  23 

1  27 

1  32 

1  36 

22    0 

10  12 

0  69 

1    4 

1    8 

1  12 

1  16 

1  21 

1  26 

1  29 

13S 

1  38 

22  12 

10  24 

1     1 

1     6 

1     9 

1  14 

1  18 

1  22 

1  27 

1  81 

1  86 

140 

22  24 

10  36 

1    2 

1     6 

1  11 

1  16 

1  19 

1  24 

128 

1  93 

1  87 

1  42 

22  36 

10  48 

1     3 

1    7 

1  It 

1  16 

1  21 

1  26 

1  30 

1  34 

1  89 

1  43 

22  48 

11    0 

1    4 

1    9 

1  13 

1  18 

1  22 

1  27 

1  32 

1  36 

1  41 

1  46 

23    0 

11  IS 

1    6 

1  10 

1  16 

1  19 

1  24 

1  29 

1  33 

138 

1  43 

1  47 

23  12 

11  24 

1    6 

1  11 

1  16 

1  21 

1  2^ 

1  30 

1  35 

1  40 

1  44 

1  49 

23  24 

11  36 

1     8 

1  12 

1  17 

1  22 

1  27 

1  32 

1  87 

141 

1  46 

1  61 

29  36 

11  48 

1     9 

1  14 

1  19 

1  24 

1  28 

1  33 

1  38 

1  43 

1  48 

1  63 

23  48 

1    12    0 

1  10 

1  15 

1  20 

1  t6 

1  30 

1  36 

1  40 

1  46  >1  50  11  66 

24    0 

uiyiLiz 

iu  uy  V. 

jOO 

g\z 

32 

TABLE  XXX. 

! 

For  reducing  the  Moon's  Declioation,  as  fciven  in  the  Naatical  Almanac  for  Noon  mnd     ( 

Midnight  at  Greenwicli,  to  any  other  time  under  any  other  Meridian 

1 

Time 

Variation  of  the  Moon's  Declination  in  twetve  Hours. 

Time    1 

from 

o    /■■ 

o     / 

0     / 

O      / 

o  ■  /  ■ 

b     / 

o     / 

O       /       O       /     jO       /     jO       / 

(wm     I   1 

Noon. 

2    0 

2    5 

2  10 

2  15 

2  20 

2  25 

2  30 

2  35   2  40  |2  45  ji  50 

Noon. 

1 

Oil  O' 

(p  (y 

Qo  (y 

OP  c 

OO  0' 

(P  (y 

0°  (y 

0°  C/ 

Qo  (y  0^  O' 

0^  0'  10°  O' 

12h  O' 

I 

0  12 

0    2 

0    2 

0    2 

0     2 

0     2 

0    2 

0     2 

0    3 

0     3 

0     3  lO    3 

12  IS 

0  24 

0    4 

0     4 

0    4 

0    4 

0    5 

0    5 

0     5 

0    5 

0     6 

0     5  |0    6 

12  24 

0  36 

0    6 

0    6 

0    6 

0    7 

0    7 

0    7 

0    7 

0     8 

0     8 

0    8   0     8 

12  36 

0  48 

0    8 

0     8 

0     9 

0    9 

0    9 

0  10 

0  10 

0  10 

0  11 

0  11    0  11 

12  48 

1    0 

0  10 

0  10 

0  11 

0  11 

0  12 

0  12 

0  12 

0  13 

0  13 

0  14  0  14 

13     0 

\ 

1  12 

0  12 

0  12 

0  13 

0  13 

0  14 

0  14 

0  15 

0  15 

0  16 

0  16   0  17 

13  12 

1  24 

0  14 

0  16 

0  15 

0  16 

0  16 

0  17 

0  17 

0  18 

0  19 

0  19   0  20 

13  24 

t 

1  36 

0  16 

0  17 

0  17 

0  18 

0  19 

0  19 

0  20 

0  21 

0  21 

0  22   0  23 

13  36 

1  48 

0  18 

0  19 

0  19 

0  20 

0  21 

0  22 

0  22 

0  23 

0  24 

0  26   0  25 

13  48 

» 

2    0 

0  20 

0  21 

0  22 

0  22 

0  23 

0  24 

0  25 

0  26 

0  27 

0  27  0  28 

14     0 

1 

2  12 

0  22 

0  23 

0  24 

0  25 

0  26 

0  27 

0  27 

0  28 

0  29 

0  30  0  31 

14  12 

' 

2  24 

0  24 

0  25 

0  26 

0  27 

0  28 

0  29 

0  30 

0  31 

0  32 

0  33   0  34 

14  24 

1 

2  36 

0  26 

0  27 

0  28 

0  29 

0  30 

0  31 

0  32 

0  34 

0  35 

0  56  0  37 

14  36 

2  48 

0  28 

0  29 

0  30 

0  31 

0  33 

0  34 

0  35 

0  36 

0  37 

0  38  k)  40 

14  48 

3    0 

0  30 

0  31 

0  32 

0  34 

0  36 

0  36 

0  37 

0  39 

0  40 

0  41 

0  42 

15     0 

1 

3  12 

0  32 

0  33 

0  35 

0  36 

0  37 

0  39 

0  40 

0  41 

0  43 

0  44 

0  45 

15  12 

. 

3  24 

034 

0  35 

0  37 

0  38 

0  40 

0  41 

0  42 

0  44 

0  46 

0  47 

0  48 

15  24 

3  36 

0  36 

0  37 

0  39 

0  40 

0  42 

0  43 

0  45 

0  46 

0  48 

0  49 

0  51 

16  36 

3  48 

038 

0  40 

0  41 

0  43 

0  44 

046 

0  47 

0  49 

0  51 

0  52 

0  64 

15  48 

4    0 

0  40 

0  42 

0  43 

0  45 

0  47 

0  48 

0  60 

0  52 

0  53 

0  55 

0  67 

16     0 

1 

4  12 

0  42 

044 

0  45 

0  47 

0  49 

0  51 

0  52 

0  54 

0  56 

0  68 

0  69 

16  If 

4  24 

0  44 

0  46 

0  48 

0  49 

0  61 

0  53 

0  55 

0  57 

0  59 

1     0 

I     2 

16  24 

436 

0  46 

0  48 

0  50 

0  52 

0  54 

0  56- 

0  57 

0  59 

1     1 

1     3 

1     5 

16  36 

448 

0  48 

0  50 

0  52 

0  54 

0  56 

0  68 

1     0 

1     2 

1    4 

I     6 

1     8 

16  48 

5    0 

0  50 

0  52 

0  54 

0  56 

0  68 

1     0 

1     2 

1     5 

1     7 

I     9 

1   11 

17    0 

5  12 

0  52 

0  54 

0  56 

0  58 

1     1 

1     3 

1     5 

1     7 

1     9 

1  11  .1  14 

17  12 

5  24 

0  54 

0  56 

0  58 

1     1 

1     3 

1     5 

1     7 

1  10 

1  12 

1  14 

1  16 

17  24        , 

5  36 

0  56 

0  58 

1     1 

I     3 

1     5 

1     8 

1  10 

1  12 

1  15 

1  17 

1  19 

17  36    . 

648 

0  58 

1     0 

1     3 

1     6 

1     8 

1  10 

1  12 

1  15 

1  17 

1  20 

1  22 

17  4S 

6    0 

I     0 

1     2 

1     5 

1     7 

1  10 

1  12 

1   15 

1  17 

1  20 

1  22 

1  25 

18    0 

6  12 

1     2 

1     5 

1     7 

1  10 

1  12 

1   15 

1  17 

1  20 

1  23 

1  25 

1  28 

18  li 

6  24 

1     4 

1     7 

1     9 

1   12 

1  15 

1  17 

1  20 

I  23 

1  25 

1  28 

1  31 

18  24    1 

6  36 

1    6 

1     9 

1   11 

1  14 

1   17 

1  20 

1  22 

1  25 

1  28 

1  31 

I  33 

18  36    1 

6  48 

1     8 

1   11 

1   14 

1  16 

1   19 

1  22 

1   25 

1  28 

1  31 

1  33 

1  36 

18  48 

7    0 

1  10 

1  13 

1   16 

1   19 

1  22 

1  25 

1  27 

1  30 

1  33 

1  36 

1  39 

19    0 

7  12 

1  12 

1  15 

I  18 

1  21 

1  24 

1  27 

1  30 

1  33 

1  36 

1  39 

1  42 

19  12 

7  24 

1  14 

1   17 

1  20 

I  23 

1  26 

1  29 

1  32 

1  36 

1  39 

1  42 

1  45 

19  21    , 

7  36 

1  16 

1  19 

1  22 

1  25 

1  29 

1  32 

1  35 

1  38 

1  41 

1  44 

1  48 

19  36    ,    . 

7  48 

1  18 

1  21 

1  24 

I  28 

I  31 

1  34 

1  37 

1  41 

1  44 

1  47 

1  60 

19  48    1 

8    0 

1  20 

I  23 

1  27 

1  30 

1  33 

1  37 

1  40 

1  43 

1  47 

1  50 

1  63 

90    0 

1 

8  12 

I  22 

1  25 

I  29 

1  32 

1  36 

1  39 

1  42 

1  46 

1  49 

1  53 

1  66 

20  12 

8  24 

1  24 

1  27 

1  31 

1  34 

1  38 

1  41 

1  45 

1  48 

1  52 

1  55 

1  59 

20  24    1   ; 

8  36 

1  26 

1  30 

1  33 

1  37 

1  40 

1  44 

1  47 

1  51 

1  55 

I  58 

2    2 

20  36    I 

8  48 

1  28 

1  32 

1  35 

1  39 

1  43 

1  46 

1  50 

1  64 

1  67 

2     I 

2     5 

20  48    '    . 

9-    0 

1  30 

1  34 

1  37 

1  41 

1  45 

1  49 

1  52 

1  66 

2    0 

2    4 

2     7 

21     0 

9  12 

1  32 

1  30 

1  ^W 

I  43 

I  47 

1  51 

1  55 

1  59 

2    3 

2    6 

2  10 

21   12 

9  24 

1  34 

I  38 

1  42 

1  46 

1  50 

1  54 

1  57 

2     1 

2    5 

2    9 

2  13 

21  24 

9  36 

1  36 

I  40 

1  44 

1  48 

1  52 

1  56 

2    0 

2    4 

2     8 

2  12 

2  16 

21  36 

9  48 

I  38 

1  42 

1  46 

1  50 

1  54 

1  58 

2     2 

2    7 

2  11 

2  15 

2  19 

21  48 

10     0 

1  40 

1  U 

1  48 

1  52 

1  57 

2     1 

2     5 

2    9 

2  13 

2  17 

2  22 

22    0 

10  12 

1  42 

i  46 

1  50 

1  55 

1  59 

2     J 

2     7 

2  12 

2  16 

2  20 

2  24 

22  12 

10  24 

1  44 

1  48 

1  53 

I  57 

2     1 

2     6 

2  10 

2  14 

2  19 

2  23 

2  27 

22  24 

10  36 

1  46 

1  50 

1  55 

I  59 

2    4 

2     8 

2  U 

2  17 

2  21 

2  26 

2  30 

22  36    , 

10  48 

I  48 

1  52 

1  57 

2     1 

2    G 

2  JO 

2  15 

2  19 

2  24 

2  28 

2  S3 

22  4$ 

11     0 

1  50 

1  55 

1  59 

2    4 

2     8 

2  J3 

2  17 

2  22 

2  27 

2  31 

2  36 

23    0 

11  12 

1  52 

I  57 

2     1 

2     6 

2  11 

2  15 

2  20 

2  25 

2  29 

2  34 

2  39 

23  15 

11  24 

1  54 

1  59 

2     3 

2     8 

2  IS 

2  18 

2  22 

2  27 

2  32 

2  37 

2  41 

23  24     . 

11  36 

1  56 

2     1 

2     G    2  10 

2  15 

2  20 

2  25 

2  30 

2  35 

2  39 

2U 

^36 

11  48 

1  68    2     3   2     8  |2  13  1 

•2  18 

2  23 

2  27 

2  32 

2  37 

2  42 

2  47 

23  40 

J2J)__ 

2     0   2     6 

'Z  10  12  16  1 

2  20 

2  25  12  30  1 

2  35  t>  40  '2  45 

«  50 

1?4    0 

'  ~" 

—  <        ^t^ti-«y-^ 

'^^-TT^" 

i  TABLE  XXX. 

t     F<M^  Mdribivrthe  Mooft'sOetltiiation,  as  «v«ii  in  the  Naiitieal  Atmaaaie  for  T^ooii  i 
Jtflmilght  at  Orpenwich,  ^  any  oflier  ttme  undef  tny  other  Meridian. 


Time 
from 

Variation  of  the  Moon's  Declination  in  twelve  Uoun.            [ 

Tim^ 

0     / 

6    i 

<5    / 

o    / 

6     i 

o    /  ■  o    / 

0    /    0    /    0    /     0     / 
3  3Q335   340  345 

frool 

NOOB. 

I  66 

3    6 

3    5 

3  10 

3  15 

3  20   3  25 

Noon 

Oh  (y 

OO  <K 

O?*' 

OoiK 

OO  O'J 

^O' 

OO  O'looO' 

00  O' 

00  O' 

00  O'  |oo  c ! 

12h  Q 

0  12 

0    8 

0    3 

0    3- 

0    3 

0    5 

0    3 

p    3 

0    3 

0    4 

0    4 

0    4 

12  12 

0  24 

0    6 

0    6 

0    6 

0    6 

0    6 

0    7 

5    7 

0    7 

0    7 

0    7 

0    7 

12  24 

0  36 

0    9 

0.  9 

0    9 

0    9 

0  10 

0  10 

0  10 

0  19 

0  11 

0  11 

0  11 

12  86 

0  48 

0  12 

0  12 

0  12 

0  13 

0  13 

0  13 

0  14 

0  14 

0  14 

0  15 

0  15 

12  48 

2     0 

0  16 

0  15 

0  15 

0  i6 

b  16 

0  17 

0  17 

0  17 

0  18 

0  IB 

0  19 

13    0 

1  12 

0  17 

0  18 

0  18 

0  >9 

0  19 

0  20 

0  20 

0  21 

0  21 

0  22 

0  22 

13  12 

1  24 

0  20 

0  21 

0  22 

0  22 

0  23 

0  23 

0  24 

0  24 

^25 

0  26 

0  26 

13  24 

I  86 

0  23 

0  24 

0  26 

0  26 

0  26 

0  27 

0  27 

0  28 

0  29 

0  29 

0  30 

13  36 

1  48 

0  26 

0  27 

0  28 

0  28 

0  29 

0  80 

S3I 

0  31 

0  32 

0  33 

0  34 

13  48 

2    0 

0  29 

0  30 

0  31 

to  32 

0  32 

0  33 

0  34 

0  36 

0  36 

0  37 

0  37 

14    0 

2  12 

0  32 

0  33 

0^ 

0  35 

P  36 

0  37 

0  38 

0  38 

0  39 

0  40 

0  41 

14  12 

2  24 

0  36 

0  86 

0  37 

0  38 

0  39 

0  40 

0  41 

0  42 

0  43 

0  44 

0  45 

14  24 

2  96 

0  30 

0  39 

0  40 

0  41 

0  42 

0  43 

0  44 

0  46 

0  47 

0  48 

0  49 

14  ^ 

2  48 

0  41 

0  42 

0  43. 

0  44 

0  45 

0  47 

0  48« 

0  49 

0  50 

0  51 

0  52 

14  48 

9    0 

0  44 

0  45 

0  46 

0  47 

0  49 

0  60 

0  51 

0  62 

0  54 

0  56 

0  56 

15    0 

9  12 

0  47 

0  48 

0  49 

0  51 

6  52 

0  53 

0  55 

0  66 

0  57 

0  59 

1    0 

15  12 

9  24 

0  60 

0  61 

0  52 

0  54 

0  65 

0  57 

0  58 

0  59 

1     1 

1     2 

1     4 

15  24 

336 

0  52 

0  64 

0  55 

D  67 

0  58 

I    0 

1     1 

1     3 

1     4 

1    6 

1     7 

15  36 

348 

0  56 

0  57 

0  59 

1    6 

1     2 

1    3 

1    5 

1     6 

1     8 

1  10 

1  11 

15  48 

4    0 

0d8 

1    0 

1     2 

1    3 

1     5 

1    7 

1     8 

1  10 

1  12 

1  13 

1  15 

16    0 

4  12 

1-  1 

1    3 

(    f^ 

1     6 

1     8 

1  10 

1   12 

1  13 

1  15 

1  17 

1  19 

\^  12 

424 

1     4 

1    6 

1     8 

1  10 

1  11 

1  13 

1  15 

1  17 

1  19 

1  21 

1  22 

16  24 

4  36 

1     7 

i.l 

1  11 

1  13 

1  15 

1  17 

1  19 

1  20 

1  22 

1  24 

1  26 

16  36 

448 

1  10 

1  14 

1  16 

1  18 

1  20 

1  22 

1  24 

1  26 

1  i8 

1  30 

16  48 

6    0 

1  13 

1  16 

1  17 

1  19 

1  21 

1  23 

1  23 

1  27 

1  30 

1  32 

1  34 

17    0 

6  12 

1  16 

1  18 

1  20 

I  22 

1  24 

1  27 

1  29 

1  31 

1  33, 

1  35 

1  37 

17  12 

524 

1  Id 

1  21 

1  23 

1  25 

1  28 

1  30 

1  32 

1  34 

1  37 

1  39 

1  41 

17  24 

638 

1  22 

1  24 

1  26 

1  29 

1  31 

1  33 

1  36 

1  38 

1  40 

1  43 

1  45 

17  36 

64^ 

1  26 

1  27 

1  29 

1.32 

1  34 

1  37 

1  39 

1  41 

1  44 

1  46 

1  49 

17  48 

6    t) 

1  27 

1  30 

1  32 

1  35   1  37 

1  40 

1  42 

1  45 

1  47 

1  50 

1  52 

18    0 

6  12 

1  30 

1  33 

1  36 

1  38 

1  41 

1  43 

1  46 

1  48 

1  51 

1  54 

1  56 

18  12 

624 

1  33 

1  36 

1  89 

1  41 

1  44 

1  47 

1  49 

1  62 

1  55 

I  57 

2    0 

18  24 

636 

1  36 

1  39 

1  42 

1  44 

1  47 

1  50 

1  53 

1  56 

1  58 

2    1 

t    4 

18  36 

6  48 

1  39 

1  42 

I  45 

1  48 

1  50 

1  53 

1  b^ 

1  59 

2    2 

2    5 

9    7 

18  48 

7    0 

1  42 

145 

1  48 

1  51 

1  54 

1  57 

2    0 

2    2 

2    5 

2    8 

2  11 

19    0 

7  12 

1  46 

1  48 

151 

1  54 

I  57 

2    0 

2    3 

2    6 

2    i 

2  12 

2  15 

19  Vi 

724 

1  48 

1  51 

1  54 

1  57 

2    0 

2    3 

2    6 

2    9 

2  13 

2  16 

2  19 

19  24 

7  36 

1  61 

1  54 

1.57 

2    0 

2    3 

2    7 

2  10 

2  13 

2  16 

2  19 

222 

19  36 

748 

1  64 

1  57 

2    0 

2    3 

2    7 

2  10 

2  13 

2  16 

2  20 

2  23 

2  26 

19  4S 

8    0 

1  57 

2    0 

2    3 

2    7 

2  10 

2  13 

2  17 

2  20 

2  23 

2  27 

230 

20    C 

8  12 

2    0 

2    3 

2    6 

i  10 

2  13 

2  17 

226 

2  23 

2  27 

2  30 

234 

20  U 

8  24 

2    2 

2    6 

2    9 

2  IS 

2  16 

2  20 

2  23 

2  27 

2  30 

2  34 

137 

20  24 

8  36 

2    5 

2    9 

2  13 

2  16 

2  20 

2  23 

2  27 

2  30 

2  34 

2  38 

2  41 

20  36 

^48 

2    8 

2  12 

S  16 

2  19 

2  23 

2  27 

2  30 

2  34 

2  38 

2  41 

245 

20  4fi 

9    0 

2  1] 

2  15 

Z  19 

2  22 

2  26 

2  30 

2  34 

2  37 

2  41 

2  45 

2  49 

21     C 

9  12  • 

2  14 

2  18 

2  22 

12  26 

2  29 

2  33 

2  37 

2  41 

2  45 

2  49 

2  52 

21  U 

92i 

2  17 

2  21 

S25 

2  29 

2  33 

2  37 

2  41 

2  44 

2  48 

252 

266 

21  24 

936 

I '20 

2  24 

2  23 

2  32 

2  36 

2  40 

2  44 

2  48 

2  52 

2  66 

3    0 

21  3< 

948 

2  23 

2  27 

2  31 

2  35 

2  39 

2  43 

2  47 

2  61 

2  66 

3    0 

3    4 

21  48 

10    0 

2  26 

2  30 

2  34 

2  38 

2  42 

2  47 

2  61 

2  56 

2  59 

3    3 

3    7 

22    C 

1Q12 

2  29 

2  33 

i37 

2  41 

[2  46 

2  50 

254 

2  58 

3    3 

3    7 

3  11 

22  U 

10  24 

2  32 

2  36 

2  40 

2  45 

3  49 

2  53 

2  58 

3    2 

3    6 

3  11 

3  15 

22  24 

10  36 

2  96 

2  39 

2  43 

2  48 

2  62 

8  57 

3    1 

3    5 

3  10 

3  14 

3  19 

22  3€ 

10  48 

2  87 

2  42 

2  46 

2  51 

2  55 

3    0 

3    4 

3    9 

3  13 

3  18 

3  22 

22  4C 

11    0 

2  40 

2  45 

2  50 

2  54 

2  59 

3    3 

3    8 

3  12 

3  17 

322 

3  26 

28    C 

11  13 

2  43 

2  48 

2  53 

2  57 

3    2 

3    7 

3  11 

3  16 

3  21 

3  25 

3  30 

23  IS 

11  24 

2  46 

2  51 

2  56 

3    0 

3    5 

3  10 

3  15 

3  19 

3  24 

3  29 

3  34 

23  24 

11  36 

2  49 

2  54 

2  59 

3    4 

3    8 

3  13 

3  18 

3  23. 

3  28 

3  33 

3  37 

23  3e 

it  48 

2  62 

2  57 

3    2 

3    7 

3  12 

3  17 

3  22 

3  26 

3  31 

3  36 

3  41. 

23  4{ 

12    0 

2  66   3    0  l3     5 

3  10 

3  15 

3  20 

3  26 

[3  30 

3  35  13  40 

3  45 

24    ( 

Ff 

^ 

234 

TABLE  XXXL 

1 

For  redaeiflg  the  Sud*s  JRiq^t  AMsebsioa  in 

Time,  an  ehrenTin  Urn  Naixtictd  AUoMiac  Cor 

Noon  at  Greeuwicb, 

to  any  other  time  undej*  *ay  other  Meridian. 

Time 

Daily  Variation  oS  the  Sun's  Rl^t  Ascension  in  Time.                         1 

Ship'si 

from 

/ 

//  J   / 

// 

/       // 

/      ;/ 

/ 

// 

/    ■■  // 

/     // 

1           M 

/    // 

Noon. 

3 

30 

3 

32 

3    34 

3    36 

3 

38 

3    4D 

3.    42^ 

3    44 

3    46 

Loor.; 

Oh  0' 

(y 

0" 

0^ 

0^' 

O'      0'/ 

Of     0^/ 

0^ 

0" 

O'     0^ 

0'    m 

10'     ^^ 

(K      0" 

o-j 

0  12 

0 

2 

0 

2 

0      2 

0      2 

0 

2 

0      2 

0.    s, 

0      2 

0       2 

3  ; 

0  24 

.0 

.  3 

0 

4 

0      4 

0      4 

0 

4 

0    .4^ 

0      4 

0      4 

0      4 

«! 

0  36 

0 

5 

0 

6 

0      6 

0      6 

0 

5 

0       6 

e     6 

0      6 

0      6 

9  : 

0  48 

0 

7 

0 

7 

0       7 

0      7 

0 

7 

0      7 

0      7 

0      7 

0      8 

If  \ 

1     0 

0 

9 

0 

9 

0      JB 

0      9 

0 

9 

0       9^ 

0      9 

0       9 

0      9 

u 

1  12 

0 

JO 

0- 

U 

0     11 

0     11 

0 

11 

0    n 

0     11 

0    n 

0     11 

1^ 

1  24 

0 

12 

0 

12 

0     12 

0     13 

t) 

13 

0     15 

D     13 

0     13 

0     13 

21 

I 

I  36 

0 

14 

0 

14 

0     14 

0     14 

0 

13 

0     16 

0     16 

0     15 

0     16 

24 

1  48 

0 

16. 

0 

16 

0     16 

0     16 

Q 

16 

0     16 

0     17 

0     17 

0     17 

27 

I 

2    0 

0 

17 

0 

18 

0     18 

0     18 

0 

18 

0     18 

0     18 

0     19 

0     19 

S-'  f 

. 

t  n 

0 

19- 

0 

19 

0     20 

0    20 

0 

20 

0     20 

0    20 

U     «I 

O    :^1 

oo 

2  24 

0 

21, 

0 

21 

0    21 

0    22 

0 

22 

6    22 

0    22 

0    22 

0    23 

3C  ,  i 

2  36 

0 

23 

0 

23 

0    23 

0    23 

0 

24' 

0    24 

0    24 

0'  24 

0    94 

39' 

2  48 

0 

24 

0 

25 

0     25 

0    25 

0 

25 

0   its 

0    26 

0    26 

0    26 

^  1 

3     0 

0 

26 

0 

26 

0    27 

0    27 

e 

27 

0    27 

0    28 

0    28 

0    28 

4^' 

' 

3  12 

0 

28 

0 

28 

0    29 

0    29 

"6 

2y 

0    29 

0    30 

0     30 

0    30 

48 

3  24 

0 

30 

0 

^0 

0     30 

0    31 

0 

31 

0    31 

0-31 

0    32 

0    32 

61 

3  36 

0 

31 

0 

32 

0    82 

0    32 

0 

33 

0    33 

0    33 

0    34 

0    34 

64 

3  48 

0 

33 

0 

34 

0     34 

0    34 

D 

35 

0    36 

0    35 

0     35 

0    36 

67 

4    0 

0 

33 

0 

35 

f  0     36 

0    36 

0 

36 

0    37. 

0    37 

0     3f 

0    38 

60 

4  12 

0 

37 

0 

37 

0    37 

0    33 

a 

38 

0    38 

<?     39 

0     39- 

0    40 

63  1 

4  24 

0 

38 

0 

39 

0    39 

0    40 

0 

40 

0    40 

0    41 

0    41 

0    41 

^ ; 

436 

0 

40 

0 

41 

0    41 

0    41 

0 

42 

0    42 

6    43 

0     43 

0    43 

69  - 

4  43 

0 

42 

e 

42 

0    43 

0    43 

0 

44 

0    44 

0    44 

0    45 

O    46 

72? 

5    0 

0 

44 

0 

44 

0    45 

0    45 

0 

43 

0    46 

0'46 

0     47 

0    47 

75! 

5  12 

0 

45 

0 

46 

0    46 

0»47 

0 

47 

0    48 

0     48 

0    49 

0    49 

78  1 

5  24 

0 

47 

0 

48 

0    48 

0    49 

0 

49 

0    49 

0     50 

0     50 

0    61 

81 

6  36 

0 

49 

0 

49 

0    60 

0     60 

0 

51 

0    51 

0     52 

0     62 

0    63 

84 

5  48 

0 

51 

0 

51 

0    52 

0    52 

0 

63 

0    53, 

0     64 

0     64 

0    56 

87 

6     0 

0 

52 

0 

53 

0    53 

q    54 

6 

54 

0    65 

0     55 

'0    66 

0    66 

90 

6  12 

0 

64 

0 

55 

0    56- 

0     56 

0 

66 

0    67 

0     57 

0    58 

0    68 

93 

6  24 

0 

66 

0 

57 

0     57 

0    68 

0 

68 

0    69 

0    69 

1       0 

1       0 

96 

6  36 

p 

68 

0 

58 

0     59 

0     59 

0 

I      0 

1       1 

I       2 

1       2 

99 

6  48 

0 

69 

0 

1       1 

1       1 

2 

I      2 

I       3 

I       3 

1       4 

102 

7    0 

1 

1 

2 

1       2 

•1       3 

1 

4 

1      4 

1  ^    6 

1       6 

I       6 

105 

7  12 

3 

4 

1       4 

1       5 

5 

1      6 

1       7 

1       7 

'l~t 

108  1 

7  24 

6 

5 

1       6 

1       7 

7 

1      8 

1       B 

1       9 

1     10 

111  1  1 

7  36 

b 

7 

1       8 

1       8 

9 

1     HO 

1     10 

1     11 

1     It 

114  ) 

7  48 

8 

9 

1     10 

1     10 

11 

1     U 

1     12 

1     13 

1     13 

117 

8     0 

10 

U 

1     11 

1     12 

13 

I     13 

1     14 

1     15 

1     16 

128 

8  12 

12 

12 

1     13 

1     14 

14 

1     16 

1     16 

1     17 

1     17 

123 

8  24 

13 

14 

1     15 

1     16 

16 

1     17 

1     18 

1     18 

1     19 

12S     ' 

8  36 

15 

16 

,1     17 

1     17 

18 

1     19 

1     20 

1     20 

I     21 

129    ' 

8  48 

17 

18 

1     18 

III 

20 

1     21 

I     21 

1     22 

1     S3 

132 

9     0 

19 

19 

1     20 

22 

1     22 

I     23 

1    24 

1     25 

135 

9  12 

20 

21 

1     22 

1     23 

1 

24 

1    24 

1     25 

1     26 

I     S7 

19 

9  24 

} 

22 

23 

1     24 

1     25 

25 

1     26 

1     27 

1     23 

1     S9 

141     • 

9  36 

24 

25 

1     26 

I    26 

27 

1     28 

I     29 

1    30 

1     30 

144  { 

9  48 

26 

27 

1     27 

1     28 

29 

1     30 

1     31 

1     31 

1     S2 

147  . 

0    0 

27 

28 

1     29 

1     30 

31 

1     32 

1     32 

1     33 

1     .'U 

150  ' 

0  12 

29 

30 

1     31 

1     32 

33 

1    33 

1     34 

1     35 

1     36 

153 

0  24 

31 

32 

1     33 

1     34 

34 

1     35 

1     36 

1    37 

1     38 

156  1 

0  36 

33 

34 

1     35 

1     35 

36 

1     37 

1     38 

1    39 

1     40 

159 '. 

0  48 

34 

35 

1     36 

1     37 

38 

1     39 

1     40 

1     41 

1    42 

162 

1 

1     0 

36 

37 

1     38 

1     39 

40 

1    41 

I     42 

1    43 

1     44 

166 

1 

! 

1  12 

38 

39 

1     40 

1     41 

42 

1     43 

1     44 

1     43 

1     46 

J68 

1  24 

40 

41 

1     42 

1     43 

44 

1    44 

1     45 

1     46 

1     47 

171     1 

1  36 

41 

42 

1    43 

1     44 

45 

1    46 

1     47 

1     48 

1     49 

174  t 

1  48 

2  0 

43 

44 

1    45 

1     46 

47 

1     48 

1    49 

1    60 

1     51 

177     . 

■"27" 

45 

46 

1     47 

1     48 

49 

1     60 

1     61 

1    62 

1     53  1 

t£s; 

' 

JL 

30^^ 

y 

"32"    y   34-/1 

y  36" 

y 

38-^' 

y  40"  y  42"! 

y  44"  y  46«i 

! 

TA^LEXi^tl. 

± 

For  reducifig  Uie  Sun*«  Ki^  hsctnsion  In  Time,  m  g^vea  in  the  Nantical  Almtnac 

for  rvoon  at  GreenWicli,  to  any  other  time  under  any  other  Meridian. 

Time 
from 

Dally  Variation  of  the  Sun's  Right  Ascension  in  Time. 

/     // 

/     "  1  /     n 

/     // 

/     // 

/     // 

/  // 

f     '/; 

////// 

ShJ, 
Loo 

Noon 

3  48 

3  56  ;  3  52 

3  54 

3  56 

3  58 

4    0 

4    2 

4    4 

4    6 

Oh  C 

O'   0" 

0/   0"    O'   0" 

0'   0" 

0'   0" 

Of   (yf 

O'   0" 

0'   0" 

0/   0" 

C   O'^ 

( 

0  IS 

6    2 

0    2     0    2 

0    2 

0    2 

0    2 

0    2 

0    2 

0    2 

0    2 

I 

024 

0    4 

0    4 

0    4 

0    4 

0    4 

0    4 

0    4 

0    4 

0    4 

0    4 

i 

0S$ 

0    6 

0    6 

0    6 

0    6 

0    6 

0    6 

0    6 

0    6 

0    6 

0    6 

! 

0  48 

0    8 

0    8 

0    8 

0    8 

0    8 

0    8 

0    8 

0    8 

0    8 

0    8 

11 

1    0 

0    9 

0  10 

0  10 

0  10 

0  10 

0  10 

0  10 

0  10 

a  10 

0  10 

li 

1  12 

0  11 

0  11 

0  12 

0  12 

0  12 

0  12 

0  12 

Oli 

0  12 

-0  12 

1( 

1  24 

0  IS 

0  13 

0  14 

0  14 

0  14 

0  14 

0  14 

0  14 

0  14 

0  14 

2! 

1  36 

0  15 

0  15 

0  15 

0  16 

0  16 

0  16 

0  16 

0  16 

0  16 

0  16 

2i 

1  48 

0  17 

0  17 

0  17 

0  18 

0  18 

0  18 

0  18 

0  18 

Old 

0  18 

2* 

2    0 

0  1'9 

0  19 

0  19 

0  19 

0  20 

0  20 

0  20 

0  20 

0  20 

020 

8( 

2  12 

0  21 

0  21 

OJtl 

0  21 

0  22 

022 

0.  22 

0  22 

0  22, 

023 

3; 

2  24 

0  2^ 

0  2S 

023 

0  25 

024 

0  24 

0  24 

0  24 

024 

0  25 

3( 

2  36 

0  25 

D  25 

025^ 

0  25 

0  26 

0  26 

0  26 

0  26 

0  26 

0  27 

31 

2  48 

027 

0  27 

0  27 

0  27 

0  28 

0  28 

0  28 

028 

0  28 

0  29 

4^ 

3    0 

028 

0  29 

0  29 

0  29- 

0  29 

0  30 

0  30 

0  3d 

0  SO 

0  31 

,4^ 

3  12 

"O  30 

11^ 

0  31 

0  31 

0  91 

0  32 

0  32 

0  32 

0  33 

0  33 

4i 

3  24 

0  32 

033 

0  33 

0  33 

0  34 

084 

0  34 

0  35 

0  35 

5] 

3  36 

0  34 

0  34 

0  35 

0  35 

0  35 

0  36 

0  36 

0  36 

0  37 

0  37 

5^ 

3  48 

0  36 

0  36 

0  37 

0  37 

037 

0  38 

0  38 

038 

0  S9 

0  39 

5'; 

4    0 

0  38 

0  38 

0  39 

0  39 

0  39 

0  40 

0  40 

0  40 

0  41 

0  41 

6( 

4  12 

0  40 

0  40 

0  41 

0  41 

0  41 

0  4i 

0  42 

042 

0  43 

043 

el 

4U 

0  42 

0  42 

0  48 

043 

0  43 

044 

044 

044 

045 

045 

6^ 

436 

044 

0  44     0  44 

0  45 

0  45 

0  46 

0  46 

0  46 

0  47 

0  47 

6S 

448 

0  46 

0  46     0  46 

0  47 

0  47 

048 

0  48 

0  48 

0  49 

0  49 

75 

d    0 

0  47 

0  48     0  48 

0  49 

0  49 

0  50 

0  50 

0  50 

0  51 

651 

11 

5  12 

0  49 

0  50     0  50 

0  51 

0  51 

0  62 

0  52 

0  52 

0  63 

0  53 

li 

524 

0  51 

0  52 

0  52 

0  53 

0  53 

0  54 

0  54 

0  54 

0  55 

0  55 

81 

5  36 

053 

0  54 

054 

0  55 

0  55 

0  56 

0  56 

0  66 

0  57 

0  57 

8^ 

548 

0  55 

0  56 

0  56 

057 

0  57 

0  58 

0  58 

0  68 

0  69 

0  59 

8*; 

6    0 

0  57 

0  57. 

0  58 

0  58 

O  59 

0  59 

1     0 

1     0 

1     1 

1     1 

9( 

6  12 

0  59 

0  59 

1     0. 

1    0 

1     1 

1112 

1    3 

1     3 

1     4 

y: 

6  24 

I     1 

1     1 

1     2 

1     2 

1     3 

13     14 

1     5 

1     5 

1    6 

9( 

6  56 

1    3 

1    3 

1    4 

1    4 

1     5 

1    5  116 

1     7 

1    7 

1     8 

91 

6  48 

1     5 

1    5 

1    6 

1     6 

1     7 

17     18 

1     9 

1     9 

1  10 

101 

7    0 

1    6 

1    7 

1     8 

1     8 

1     9 

1     9      1  10 

1   11 

1   11 

1  12 

lOi 

7  12 

1     8 

1    9 

1  10 

I  10 

1  11 

1  11      1  12 

1  13 

1  13 

1  14 

m 

7  24 

1  10 

1  11 

1  12 

1  12 

1  13 

1.13     1  14 
1  15     1  16 

1  15 

1  15 

1  16 

ni 

7  36 

1  12 

1  1^ 

1  13 

1  14 

1  15 

1  17 

1  17 

1  18 

11^ 

7  48 

1  14 

1  15 

1  15 

1  16 

1  17 

1  17 

1  18 

1  19 

1  19 

1  20 

11: 

3     0 

1  16 

1  17 

1  17 

1  18 

1   19 

1  19 

1  20 

|121 

1  21 

1  22 

12( 

8  12 

1  18 

1  19 

1  19 

1  20 

I  21 

1  21 

1  22 

1  23 

TiT 

1  24 

12^ 

8  %\ 

1  20 

1  20 

1  21 

1  22 

ips 

1  23 

1  24 

1  25 

1  25 

1  26 

12( 

8  36 

1,22 

I  22 

1  23 

1  24 

125 

1  25 

1  26 

1  27 

1  27 

1  28 

125 

8  48 

124 

1  24 

1  25 

1  26 

1  27 

1  27 

I  28 

1  29 

1  29 

1  30 

131 

9     0. 

1  25 

1  26 

[I  27 

)  28 

1  28 

1  29 

4  30 

1  31 

1  31 

1  32 

\:M 

9  12 

127' 

1  28 

1  29 

1  30 

1*30 

1  31 

1  32 

1  33 

1  34 

1  54 

131 

9  24 

1  29 

1  30 

131 

1  32 

1  32 

1  33 

1  34 

1  35 

1  36 

1  36 

14 

9  36 

1  31 

1  32 

1  33 

1  34 

1  34 

1  35 

1  36 

1  87 

I  38 

1  33 

14- 

9  48 

1  33 

1  34 

1  35 

1  36 

1  S6 

1  37 

1  38 

1  39 

1  40 

1  40 

14' 

10     0 

1  35 

I  36 

1  37 

I  37 

1  38 

1  39 

1  40 

1  41 

1  42 

1  42 

15< 

10  12 

157 

1  38 

1  i9' 

XS9 

1  40 

1  41 

1  42 

1  43 

1  44 

1  45 

15; 

10  24 

1  39 

1  40 

1  41 

I  41 

1  42 

1  43 

1  44 

1  45 

1  46 

1  47 

15< 

10  36 

1  41 

1  42 

1  42 

1  43 

1  44 

1  45 

1  46 

1  47 

1  48 

1  49 

15! 

10  48 

1  43 

1  43 

1  44 

1  46 

.1  46 

1  47 

1  48 

1  49 

1  50 

1  51 

Ui 

11     0 

1  44 

1  45 

1  46 

1  47 

1  48 

1  49 

1  50 

1  51 

1  52 

1  53 

16i 

U    12 

1  46 

1  47 

1  48 

1  49 

1  50 

1  61 

1  52 

1  53 

1  54 

1  55 

161 

11   24     ' 

1  48 

1  49^ 

1  50 

1  51 

1  52 

1  53 

1  54 

1  65 

1  56 

1  57 

n 

11   36 

1  50 

i5r 

1  62 

1  53 

1  54 

1  55 

1  56 

1  57 

]  58 

1  59 

17 

11  48 

1  52 

1  5$ 

1  54 

1  66 

1  56 

1  57 

1  58 

1  69 

2    0 

2     1 

IT 

12     0 

1  54 

1.55 

1  56 

1  57 

166 

1  59     2    0 

2    1 

2    2 

2    3 

18< 

\ 

3/48" 

yfio'' 

3' 52/'    3' 54"' 

3^66" 

ji5!r 

4/   iyr 

st;,<?^ 

^SS ■   "                        tABLEl  XXXJL 

^ 

For  Mdnciiig  tlie  8mi*t  Bi^  AseeiuioD  in  Time,  u  dven  la  the  ^aalkd  Almanac 

for  Noon  at  Greenwfch,  to  any  other  time  under  any  oChar  MerMiaB 

■ 

Time 
from 

DaUy  VariaUon  of  tHe  bun's  Right  Ascena 

iooinrtiQe. 

Ship's 

1    ft    1    n 

/    // 

/    tf 

«  // 

/    // 

/  // 

/    // 

/    // 

/    u 

/    n 

Moon. 

4    8   4  10 

4  12 

4  14 

4  16 

4  18 

4  20 

422 

424 

426 

428 

Loig. 

Oh  (K 

(K  O'W  0" 

(y  c- 

O'  0" 

V  V^ 

0/  0'^ 

O'O" 

0/   0" 

0'   0" 

0'  0'^ 

0*   O'^ 

00 

0  12 

0    2 

0    2 

0    2 

0    2 

0    2 

0    2 

0    2 

0    2 

0    2 

Q    2 

0    2 

3 

QU 

0    4 

0    4 

0    4 

0    4 

0    4 

0    4 

0  4. 

0    4 

0    4 

0    4 

0    4 

6 

0  36 

0    6 

0    6 

0    6 

0    6 

0    6 

0    6 

0*  6 

0    7 

0    7 

0    7 

0    7 

9 

0  48 

0    8 

0    8 

0    8 

0    8 

0    9 

0    9 

0    9 

»    9 

0    0 

0    9 

0  ,9 

» 

.   1    0 

0  10 

0  10 

0  10 

0  11 

0  11 

0  11 

0  11 

0  11 

Oil 

0  11 

0  11 

16 

1  IS 

0J2 
0I4 

0  12 

0  13 

0  13 

0  13 

0  13 

0  13 

0  li 

0  13 

0  13 

0  IS 

18 

1  u 

0  16 

0  16 

0  16 

0  16 

0  15 

0  16 

0  15 

0  15. 

0  16 

0  16 

21 

1  36 

0  17 

0  17 

0  17 

0  17 

0  17 

0  17 

0  17 

0  17 

0  18 

0  18 

0  18 

24 

1  48 

0  19 

0  1» 

0  19 

0.19 

0  19 

0  19 

0  19 

0  20 

0  20 

0  20 

0  90 

27 

2    0 

0  21 

0  21 

0  21 

0  21 

0  21 

0  21 

0  22 

0  22 

022 

P22 

0^ 

90 

2  12 

0  23 

0  23 

023 

0  23 

0  23 

024 

0  24 

0  24 

0^4 

024 

026 

i9 

2  24 

025 

0  26 

026 

026 

026 

0  26 

026 

0  26 

026 

027 

027 

36 

2  36 

0  27 

0  27 

0  27 

028 

0  28 

0  28 

0  28 

028 

029 

029 

9  29 

39 

2  48 

0  29. 

0  29 

0  29 

030 

030 

030 

0  30 

0  31 

0  31 

0  31 

0  31 

42 

Ji     0 

0  31 

0  31 

0  31 

0  32 

0  82 

0  32 

0  32 

0  33 

033 

D  33 

0  33 

45 

3  12 

0  33 

0  33 

0  34 

0  34 

0  34 

0  34 

0  35 

0  36 

035 

0  36 

0  36 

48 

3  24 

035 

0  36 

036 

0  36 

0  36 

0  37 

0  37 

0  37. 

037 

0  38 

0  38 

51 

3  36 

037 

0  37 

0  38 

0  38 

038 

0  39 

0  39 

0  39 

0  40 

0  40 

0  40 

54 

3  48 

0  39 

040 

0  40 

0  40 

0  41 

041 

P41 

0  41 

042 

0  42 

0  42 

ffX 

4    0 

0  41 

0  42 

0  42 

0  42 

043 

043 

0  43 

0  44 

044 

0  44 

046 

«Q 

4  12 

0  43 

0  44 

0  44 

044 

)46 

046 

0  46 

0  46 

0  46 

0  47 

0  47 

63 

4  24 

046 

0.46 

0  46 

0  47 

0  47 

0  47 

0  48 

0  48 

0  48 

0  49 

0  49 

66 

436 

048 

048 

0  48 

0  49 

0  49 

0  49 

0  60 

0  ^ 

0  51 

0  51 

0  61 

69 

4  48 

060 

0  60;0  60 

0  61 

Q  61 

0  62 

0  62 

0  62 

0  63 

0  63 

0  64 

72 

5    0 

6  62 

0  62 

0  62 

0  63 

0  63 

0  64 

0  64 

0  66 

0  55 

8  55 

0  56 

76 

1 

5  12 

0  64 

064 

0  66 

0  66 

066 

0  56 

0  66 

0  57 

0  67 

0  58 

0  60. 

78 

624 

0  66 

0  66 

0  67 

0  57 

0^8 

0  68 

0  68 

0  69 

0  59 

1    0 

1    0 

81 

636 

0  68 

0  68 

0  69 

0  69 

1  ^0 

1    0 

1     1 

1     1 

1     % 

1     2 

1     3 

^         I 

6  48 

1    0 

1    0 

1     1 

1     I 

1     2 

1    2 

1    3 

1     3 

1     4 

1     4 

1     5 

*7         J 

6    0 

1     2 

1    2 

1     3 

1    3 

1    4 

1    4 

l    6 

I     6 

1    6 

1    « 

I    7 

90 

6  12 

1    4 

1    6 

1     6 

1    6 

1     6 

1    7 

2    7 

1    8 

1     8 

I    5 

1    9 

93 

6  24 

1     6 

1    7 

1     7 

I    8 

1     8. 

1    9 

1    9 

1  la 

1  10 

1  11 

1  11 

96 

6  36 

1     8 

1    9 

1     9 

1  10 

1  10 

1  11 

i  11  ,1  12 

1  13 

1  13 

1  14 

99 

€  48 

1  10 

1  11 

1  11 

1  12 

1  13 

1  13 

1  14   1  14 

1.16 

1  16 

1  16 

102 

7    0 

1  12 

1  13  ,1  13 

1  14 

1  16 

1  16 

116 

1  16 

1  17 

1  18 

1  18 

105 

7  12 

1  14 

1  15  !1  16 

i  16 

1  17 

1  17" 

1  18 

1   19 

1  19 

1  20 

1  20 

108 

:  7  24 

1  16 

1   17  \\  18 
1   19  ll  20 

1  18 

1  19 

1  20 

1  20  |1  21 

1  21 

t  22 

I  23 

111 

7  36 

1  19 

1  20 

1  2i 

1  2^ 

1  22 

1  23 

124 

1  24 

1  25 

114 

7  48 

1  21 

1  21    1  22 

1  23 

1  23 

1  24 

1  24 

1'26 

126 

I  26 

1  27 

117 

8    0 

1  23 

1  23   1  24 

1  26 

1  25 

126 

1*27 

1  27 

1  28 

1  29 

129 

120 

8  12 

1  26 

1  26 

1  26 

127' 

1  27 

1^8 

129 

1  30 

I  30 

1  31 

1  32 

123 

8  24 

1  27 

1  27 

1  28 

1  29 

1  30 

1  30 

1  31    1  32 

1  32 

133 

1  34 

126 

8  36 

1  29 

1  30 

1  30 

1  31 

1  32 

I  3? 

1  33   1  34 

1  36 

1  35 

1  36 

W     :     1 

848 

1  31 

1  32 

1  32 

1  33 

1  34 

1  36 

1  36 

1  36 

i  ^ 

I  38 

1  38 

132    , 

9    0 

1  33 

1  34 

1  34 

1  36 

1  36 

1  37 

1  37 

1  38 

\  39 

1  40 

1  40 

135 

9  12 

1  as 

136 

1  37 

13^ 

\'^ 

1  39. 

1  40 

140 

1  41 

1  42 

1  43 

laB" 

I 

9  24 

1  37 

1  38 

1  39 

1  39 

1  40 

1  41 

1  42 

1  43 

1  43 

1  44 

1  46 

141 

936 

1  39 

1  40 

1  41 

1  42 

1  42 

1  43 

1  44 

1  46 

1  46 

146 

I  47 

144 

9  48 

1  41 

1  42 

1  43 

1  44 

1  45 

1  46 

1  46 

147 

1  48 

149 

149 

147 

10    0 

1  43 

1  44 

1  46 

1  46 

1  47 

1  47 

1  48 

1  49 

1  50 

1  61 

1^2 

150 

10  12 

1  46 

146 

147 

1  48 

1  49 

160 

1  60 

1  51 

162 

1  63 

1  64 

163 

10  24 

1  47 

1  46 

1  49 

1  60 

161 

1  62 

1  63 

1  64 

1  64 

I  56 

1  66 

166 

10  36 

1  60 

1  60 

1  61 

1  62 

1  63 

1  64 

1  66 

1  56 

1  67 

\  57 

r68 

199 

10  48 

1  62 

1  62 

1  63 

1  64 

1  66 

1  66 

1  67 

1  68 

1  69 

I    0 

2    1 

162 

11     0 

[  64 

I  66    1  66 

1  66 

1  67 

1  68 

r  59 

t    0 

2     1 

1    2 

I    3 

16ft 

11  12 

1  66 

1  67  11  68 

1  69 

1  b^ 

I    0 

I    I 

I    2 

t    3 

I    4 

1    6 

168 

11  24     J 

68 

I  69  br  Ob 

I     1 

I    t 

I    3 

I    3 

S    4 

1    6 

I    6 

I    7 

171 

U  36     2 

K    0   2     1  |2    2  |5 

\    3 

I    4 

I    6 

I    6 

\    7 

I    $ 

I    9 

I  10 

174 

11  48     i 

\    2   S 

:324s 

X    6 

I     6   i 

I    7 

I    8 

I    9 

I  10 

I  11 

I  12 

177 

12    0     S 

\    4   S 

K    6   2    6   2 

\    7 

I     8   i 

e  9 

I  10 

I  11 

e  12  2  13  p 

I  14 

180 

L— K 

^   8"'4' 10"!4' 12/'fi 

yiV' 

/16"4'18"|4'20''|4'22''<^ 

V%A/^4f$l6'\i 

Vwi 

^^^^. 

' 

*AMixxttt. 

•    23? 

Lst 

DMUoationofadiSiBKnt  name  from  the  latHude.                    , 

Lat. 

©a 

|o 

20 

30 

40 

6<* 

60 

70 

80    1  90 

180 

lio 

u 

fi 

u 

u 

It 

u 

II 

II 

II 

// 

u 

II 

r   oo 

28.1 

22.4 

18.7 

16.6 

14.0 

12.4 

U.l 

10.1 

00 

1 

28.1 

22.4 

18.7 

16.0 

14.0 

12.4 

11.2 

10.1 

9.3 

1 

t 

S8.I 

22.4 

18.7 

16.0 

14.0 

12.6 

11.2 

10.2 

9.3 

8.6 

2 

5 

28.1 

22.4 

18.7 

16.0 

14.0 

12.6 

11.2 

10.2 

9.3 

8.6 

8.0 

3 

4 

28.1 

22.4 

18.7 

16.0 

14.0 

12.6 

11.2 

10.2 

9.8 

8.6 

8.0 

7.4 

4 

» 

22.4 

18.7 

16.0 

14.0 

12.6 

11.2 

10.2 

9.3 

8.6 

8.0 

7.4 

7.0 

6 

6 

18.7  116.0 

14.0 

12.6 

11.2 

10.2 

9.3 

8.6 

8.0 

7.6 

7.0 

6.6 

6 

7 

16.0  il4.0 

12.4 

11.2 

10.2 

9.3 

8.6 

8.0 

7.6 

7.0 

6.6 

8.2 

7 

8 

14.0 

12.4 

11.2 

10.1 

9.3 

8.6 

8.0 

7.6 

7.0 

6.6 

6.2 

6.9 

8 

9 

12.4 

11.2 

10.2 

9.3 

8.6 

8.0 

7.6 

7.0 

6.6 

6.2 

6.9 

6.6 

9 

10 

U.J 

10.1 

9.8 

Z,^ 

8.0 

7.4 

7.0 

6.6 

6.2 

.6.9 

6;^ 

6.3 

10 

U 

10.1 

9.3 

8.6^ 

8.0 

7.4 

7.0 

8.6 

6.2 

6.9 

6.6 

6.3 

6.1 

11 

U 

8.2 

8.6 

7.9 

7.4 

7.0 

8.6 

6.2 

6.9 

6.6 

6.3 

6.0 

4.8 

12 

13 

8.6 

7.9 

7.4 

6.9 

6.6 

6.2 

6.8 

6.6 

6.3 

6.0 

4.8 

4.6 

IS 

U 

7.9 

7.4 

6.9 

6.6 

6.2 

6.8 

6,6 

6.3 

6.0 

4.8 

4.8 

4:4 

14 

Ift 

7.3 

6.9 

6.6 

6.1 

6.8 

6.6 

6.3 

6.0 

4.8 

4.6 

4.4 

4.2 

16 

16 

6.8 

6.6 

6.1 

6.8 

6.6 

6.2 

6.0 

4.8 

4.6 

4.4 

4.2 

4.1 

16 

17 

6.4 

6.1 

6.8 

6.6 

hJt 

6.0 

4.8 

4.6 

4.4 

4.2 

4.1 

3.9 

17 

18 

6.0 

6.7 

6.6 

6.2 

6.0 

4.8 

4.6 

4.4 

4.2 

4.1 

3.9 

3.8 

13 

19 

6.7 

6.4 

6.2 

4.9 

4.7- 

4.6 

4.4 

4.2 

4.0 

3.9 

3.8 

3.6 

19 

to 

6.4 

6.1 

4.9' 

4.^" 

4.6 

4.3 

Ah 

4.0 

3.9 

3.8 

3.6 

3.6 

20 

SI 

6.1 

4.9 

4.7 

4.6 

4.3 

4.8 

4.0 

3.9 

8.7 

3.6 

3.6 

3.4 

21 

ftt 

4.9 

4.7 

4.6 

4.3 

4.1 

4.0 

3:9 

3.7 

3.6 

3.6 

3.4,  3.3 

23 

«3 

4.6 

4.4 

4.3 

4.1 

4.0 

3.8 

3.7 

3.6. 

3.6 

3.4 

3.3 

3.2 

23 

U 

4.4 

4.2 

4.1 

8.9 

3.8 

3.7 

3.6- 

3.6 

3.4 

3.3 

3.2 

3.1 

24 

25-1 

'fS 

4.1 

3.9 

V.8' 

3.7- 

3.6 

3.4 

3.3 

8.2 

3.1 

3.1 

3,0 

.26 

J« 

8.9 

3.8 

3.6 

3.6 

3.4 

3.3 

3.2 

3.1 

3.0 

3.0 

•2.9 

26 

27 

3.9 

3.7 

8.6' 

3.6 

3.4 

3.3 

3.2 

8.1 

3.0 

2.9 

2.9 

2.8 

*''    J 

28 

3.7 

8.6 

3.6 

3.4 

3.3 

4.2 

3.1 

3.0 

2.9 

2.8 

2.8 

2.7 

28    i 

W 

3.5 

3.4 

3.3< 

3.2 

3.1 

3.1 

3.0 

2.9 

2.8 

2.8 

2.7 

2.6 

29 

30 

3.4 

3.3 

3.2 

3J' 

3.0 

3.0 

2.9 

2.8 

2.7 

2.7 

2.6 

2.6 

30 

31 

S.3 

3.2 

8.1 

3.0 

2,9 

2.9 

2.8 

2.7 

2.6 

2.6 

2.6 

2.6 

31 

32 

8.1 

8.1 

8.0 

2.3 

2.8 

2.8 

2.7 

2.6 

2.6 

2.6 

2.6 

2.4 

33 

S3 

3.0 

2.9 

2-9 

2.8 

2.7 

2.7 

2.6 

2.6 

2.6 

2.4 

2.4 

2.3 

33 

34 

2.9  1 

2.8 

8.8 

2.7 

2.6 

2.^ 

2.6 

2.6 

2.4 

.2.4 

2.3 

2.3 

34 

35 

11.8 

i.7 

2.7- 

2.6 

2.5 

2.6 

2^4 

2.4 

2.3 

2.3 

2.2 

2.2 

3A 

36 

2.7 

2.6 

t.6 

2.6 

2.6 

'2.4 

2.4 

2.3 

2.3 

2.2 

2.2 

2.1 

36 

37 

2.6 

2.6 

2.6 

2.4 

t.4 

2.3 

2.5 

2.2 

2.2 

2.2 

2.1 

2.1 

37 

38 

2.6 

2.6 

8.4 

.tA 

2»3 

2.3 

2.2 

2.2 

'2.1 

2.1 

2.1 

2.0 

38 

39 

2.4 

2.4 

2.3 

2.3 

2.2 

2.2 

2.1 

2.1 

.?•» 

2.0 

2.0 

2.0 

89 

40 

2.3 

2.3 

2.2 

2.2 

2.2 

2.1 

8.1 

2.0 

2.0 

2.0 

1.9 

1.9 

40 

41 

2.3 

2.2 

2.2 

2.1 

2.1 

2.1 

2.0 

2.0 

1.9 

1.9 

1.9 

1.8 

41  , 

42 

2.2 

2.1* 

2.1 

2.1 

2.0 

2.0 

2.0 

U9 

1.9 

1.9 

1.8 

1.8 

42 

43 

2.1 

t.l 

2.0 

2.0 

2.0 

i.9 

1.9 

1.9 

1.8 

1.8 

1.8 

1.7 

43 

44 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

44 

46 

2.0 

1.9 

1.9 

1.9 

1.8 

K8 

1.8 

1.7 

1.7 

l.T 

1.7 

1.6 

45 

46 

1.9 

1.9 

1.8 

1«8 

1.8 

1.7 

1.7 

1.7 

1.7 

1.6 

1.6 

.1.6 

46 

47 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

1.7 

1.6 

1.6 

1.6 

1.6 

1.6 

47 

4a 

1.8 

K7 

1.7 

1.7 

1.^ 

1.6' 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

48 

49 

1.7 

1.7 

.1.7 

1.6 

1.^ 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

49 

60 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.4 

1.4 

50 

62 

1.6 

1.6 

1.6 

1.6 

1.6 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

62 

64 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3. 

1.3 

54 

66 

1.3 

1.3 

1.3 

!■? 

1.3 

1.3 

1.2 

1.2 

\A 

1.2 

1.2 

1.2 

66 

68 

1.2 

1.2 

1.2 

\A 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

1.1 

1*1 

58 

60 

i.i 

1.1 

i.i 

1.1 

1.1 

I.i 

1.1 

1.1 

1.0 

1.0 

l.O 

1.0 

60 

62 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.9 

62 

64 

1.0 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

64 

66 

0.9 

0.9 

0.9 

0.9 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

^6 

68 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0,7 

0.7 

0.7 

68 

70 

0,7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

70    1 

/!.. 

1 

2 

34      1 

6 

6 

7 

8 

.?-.' 

10 

11' 

TABLE  XXXn. 

Varfhtion  of  thcr'Sun's  Altitade  iii  one  miirate  from  noon^ 

Declination  of  a  different  name  iJNMn  the  LaUtude. 

Lat. 

12^ 

13°  I  14^ 

ISO 

I60 

170 

18« 

19<^  ,  20"  ;  21<5 

22^ 

230 

[24^ 

// 

II 

II 

'/ 

It 

II 

// 

// 

II 

// 

ii 

n 

It 

9.2 

8.5 

7.9 

7.3 

6.8 

6.4 

6.0 

6.7 

5.4 

5.1 

4.9 

4.6 

4.4 

0 

8.5 

7.9 

7.4 

6.9 

6.6 

6.1 

6.7 

5.4 

6.1 

4.9 

4.7 

4.4 

4.2 

1 

7.9 

7.4 

6.9 

6.5 

6.1 

6.8 

5.5 

5.2 

4.9 

4.7 

4.5 

4.3 

4.1 

2 

7.4 

6.9 

6.5 

6.1 

5.8 

5.5 

5.2 

4.9 

4.7 

4.5 

4.3 

4.1 

3.9 

3 

7.0 

6.5 

6.2 

6.8 

5.6 

6.2 

5.0 

4.7 

4.5 

4.3 

4.1 

4.0 

3.8 

4' 

6.5 

6.2 

6.8 

6.6 

6.2 

6.0 

4.8 

4-5 

4.3 

4.2 

4.0 

3.8 

3.7 

5 

&.2 

5.8 

b,& 

6.3 

5.0 

4.8 

4.6 

4.4 

4.2 

4.0 

3,9 

3.7 

3.6 

6 

5.9 

5.6 

6.3 

5.0 

4;iB 

4.6 

4.4 

4.2 

4.0 

3.9 

3.7 

3.6 

3.5 

7 

5.6 

5.3 

6.0 

4.8 

4.6 

4.4 

4.2 

4.0 

3.9 

*.7 

8.6. 

3.5 

3.4 

8 

5.3 

5.0 

4.8 

4.6 

4.4 

4.2 

4.1 

3.9 

3.8. 

3.6 

3.5 

3/4 

3.3 

9 

5,0 

4.8 

4.6 

4.4 

4.2 

4.1 

3.9 

3.8 

8.6 

3.6 

3.4. 

3.3: 

3.2 

10 

4.8 

4.6 

4.4 

4.2 

4.1 

3.9 

3.8 

3.6 

-8.5 

3^ 

3.3 

3.2 

3.1 

11 

4.6 

4.4 

4.3 

4  1 

3.9 

3.8 

3.7 

8.6 

3.4 

3.3 

.3.2 

3.1 

8.0 

12 

4.4 

4.3 

4.1 

3.9 

3.8 

3.7 

3.5 

3.4 

3.3 

3.2 

3.1 

Z,0 

f.9 

13 

4.2 

4.1 

3.9 

3.8 

3.7 

3.6 

3.4 

5.3 

3.2 

3:1 

3.0 

2.9 

2.8 

14 

4.1 

3.9 

3.8 

3.7 

3.5 

3.4 

3.3 

3.2 

3.i 

3.0 

2.9 

2.8 

2.8 

15 

3.9 

3.8 

3.7 

3.6 

3.4 

3.3 

3.2 

3.1 

8.0 

2.9 

2.8 

2.8 

2.7 

16 

3.8 

3.T 

3.6 

3.4 

3.3 

3.2 

3.1 

3.0 

2.9 

2.8 

2.8 

2.7 

2.6 

17 

3.7 

3.5 

3.4 

3.3 

3.2 

3.1- 

3.0 

2.9 

2.9 

2.8 

2.7. 

2.6 

2.5 

18 

3.5 

3.4 

3.3 

3.2 

3.1 

3.0 

2.9 

2.9 

2.8 

2.7 

2.6 

2.6 

2.5 

19 

3.4 

3.3 

3.2 

3.1 

3.0 

2.9 

2.9 

2.8 

2.7 

2.6 

2.6 

2.6 

'2.4 

20 

3.3 

3.2 

3.1 

3.0 

2.9 

2.8 

2.8 

2.7 

2.6 

2.6 

2.6 

2.4 

2.4 

21 

3.2 

3.1 

3.0 

2.9 

2.8 

2.8 

2.7 

2.6 

2.6 

2.5 

2.4 

2.4 

2.8 

22 

3.1 

3^.0 

2.9 

2.8 

2.3 

2.7 

2.6. 

2.6 

2.6 

2.4. 

2.4 

2.3 

2.3 

23 

3.0 

2.9 

2.8 

2.8 

2.7 

2.6 

2.6 

2.5 

2.4 

2.4 

2.3 

2.3 

2.2 

U 

2.9 

2.8 

2.7 

4.7 

2.6 

2.6 

2.6 

2.4 

2.4 

r.3 

2.3 

2.2 

«• 

25 

2.8 

2.7 

2.7 

2.6 

2.6 

2.6 

2.4 

2.4 

2.3 

$.3 

«,t 

2.1 

26 

2.7 

2.7 

2.6 

2.6 

S.6 

2.4 

2.4 

2.3 

2.2 

2.2 

2.1 

2.1 

2.1 

27 

2.6 

S.6 

2.6 

«.6 

2.4 

2.3 

2.3 

22 

2.2 

2.1 

2.1 

2.1 

2.0 

28 

2.6 

2.6 

2.4 

2.4 

2.5 

2.3 

«•«. 

2.2 

2.1 

2.1 

2.0 

2.0 

2.0 

29 

2.6 

2.4 

2.4 

2.3 

2.3 

2.2 

2.2 

2.1 

t,\\ 

2.0 

'2.0 

2.0 

1.9 

lo" 

2.4 

2.4 

2.3 

2.3 

2.2 

2.2 

2.1 

2.1 

2.0 

2.0 

.2.0 

1.9 

13 

31 

2.3 

«.3 

2.2 

2.2 

2.2 

2.1 

2.1 

2.0 

2.0 

19 

19 

1.9 

1.8 

32 

2.3 

2.2 

2.2 

2.1 

2.1 

i.X 

2.0 

2.0 

1.9 

1.J9 

1.9 

1.8 

1.8 

33 

2.2 

2.2 

2.1 

2.1 

2.0 

2.a 

2.0 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

34 

2.2 

2.1 

2.1 

2.0 

2.0 

'2.0 

1.9 

1.9 

1.8 

^.8 

'i;8 

1.7 

1.7 

35 

2.1 

2.1 

2.0 

2.0 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

36 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

J. 8 

1.8 

1.8 

1.7 

1.7 

1.7 

l.€ 

37 

2.0 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

1.8 

1.7 

1.7, 

1.7 

1.6 

1.6 

38 

1.9 

1.9 

1.9 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

1.6 

1.6 

1.6 

K6 

39 

1.9 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

l.> 

1.6 

1.6 

1.6 

1.6 

1.5 

40 

1.8 

1.8 

1.8 

1.7 

1.7 

1.7 

1.6 

1.6 

4.6 

1.6 

1.5 

1.5 

1.5 

41 

1.8 

1.7 

1.7 

1.7 

1.7 

1.6 

2.6 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

42 

1.7 

1.7 

1.7 

1.6 

1.6 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

1.4 

1.4 

43 

1.7 

1.6 

1.6 

1.6 

1.6 

1.5 

1.5 

1.5 

\P 

1.5 

1.4 

1.4 

1.4 

44     ! 

1.6 

1.6 

1.6 

1.5 

1.5 

1.5 

1.5 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

45 

1.6 

1.6 

t.6 

1.6 

1.6 

1.6 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 

46 

1.5 

1.6 

1.6 

1.6 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 

1.3 

1.3 

47 

1.5 

l.i» 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

\.t 

1.3 

1.3 

1.3 

43 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 

1.3 

1.3 

18 

1.3 

1.2 

l.ai49M 

1.4 

1.4 

1.4 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.2 

1.2 

1.2 

50 

1.3 

1.3 

l.S 

1.3 

1.3 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

51 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

54 

1.2 

1.1 

I.I 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

M 

1.0 

1.0 

1.0 

56 

1.1 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 

1.0- 

1.0 

1.0 

1.0 

1.0 

58 

1.0 

1.0 

1.0 

1.0 

1.6 

1.0 

1.6 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

60 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

Q.9 

0.8  1  62 

0.9 

0.9 

0.9 

0.9 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8  t  64 
66 
68. 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.^ 

0,7 

0.7 

0.7     0.7 

0.7     0.6 

».6 

0.6 

0.6 

0.6 

I 

70 

12       IS 

14       16 

16 

17 

18       19  1 

20  1 

21        22  j     28  1 

24 

^^.v 


' 

^^              tABLE  XiXil. 

231 

Lat 

1WK«tlmi  aithm  tune  DMie  as  the  latitude.                        | 

00    .  lo 

2° 

30    140 

ffi    \  60 

70 

^       90    1  10°  )  11"  1 

•// 

if 

II 

11      1  // 

//      1  // 

II 

■// 

It 

II 

II 

Lat. 

OO 

— ka:!' 

22.4  1U.7 

16.0 

14.0 

i2.4 

11. 1 

10.1 

0^ 

1 

28.0 

22.4 

18.6 

16.0 

13.9 

12.4 

U.l 

1 

% 

28.0 

22.3 

18.6 

16.9 

13.9 

12.3 

2 

3 

27.9 

22.3 

18.6 

16.8 

13.8 

3 

4 

28.1 

• 

27.8 

22.2 

18.6 

16.8 

4 

A 

22.4 

28.0 

27.7 

22.1 

18.4 

5 

6 

18.7 

22.4 

28.0 

27.6 

22.0 

.    '6 

7 

16.0 

18.6 

22.a 

27.9 

. 

27.4 

7 

8 

14.0 

16.0 

18.6 

22.3 

27.8 

8 

9 

12.4 

13.9 

15.9 

18.5 

22.2 

27.7 

9 

10 

11. 1 

12.4 

13.9, 

15.8 

18.6 

22.1 

27.6 

10 

JI 

10.1 

11.1 

12.3 

13.8 

16>8 

18.4 

22.0 

27.4 

11 

12 

9.2 

10.1 

11. 1 

12.3 

13.8 

16.7 

18.3 

21.9 

27.3 

12 

13 

85 

9  2 

10.0 

11.0 

12.2 

13.7 

16.6 

16.2 

21.7 

p.l 

13 

14 

7.9 

8.5 

9.2 

10.0 

10.9 

12.1 

r3.6 

15.6 

18.0 

21.6 

2b. 9 

14 

Id 

7.3 

7.n 

11.4 

9.1 

9.9 

10.9 

12.1 

13<6 

15.4 

17.9 

26.7 

15 

16 

6.U 

7.3 

7.8 

8.4 

d.i 

9.8 

10.8 

12.0 

13.4 

16.3 

17.8 

21.3 

16 

17  ' 

6.4 

6.}< 

7.2 

7.8 

8.3 

9.0 

9.8 

10.7 

11.9 

13.3 

16  2 

17.6 

17 

18 

6.0 

6.4 

6.8 

7.2 

7.7 

8.3 

8.9 

9.7 

10.6 

11.8 

13.3 

16.0 

18 

19 

5.7 

6.0 

6.3 

6.7 

7.2 

7.6 

8.2 

0.9 

9.6 

10.6 

11.7 

13.1 

19 

^0 

,%.4 

5.7 

ti.O 

6.3 

6.7 

7.1 

7.6 

8.1 

8. a 

9.5 

10.5 

11.6 

20 

21 

5.1 

5.4 

b.6 

b.^ 

6.3 

6.6 

7.0. 

7.5 

8.1 

8.7 

9.5 

10,4 

21 

22 

4.9 

5.1 

5.3 

5.6 

5.9  *  6.2 

6.6 

7.0 

7.6 

8.0 

8  6 

9.4 

20 

23 

4.6 

4.8 

5.0 

5.3 

5.5 

6.8 

6.1 

6.5 

6.9 

7.4 

7.9 

8.6 

23 

J4 
25 

4.4 

4.6 

4.8 

5.0 

6.2 

5.5 

6.8 

6.1 

6.4 

6.8 

-I-.! 

7.8 

24 

4.2 

4.4 

4.6 

4.7 

5.0 

6.2 

6.4 

6.7 

6.U 

6,4 

6.8 

7.2 

•   25 

26 

4.0 

4.2 

4.3 

4,6 

4,7 

4.9 

6.1 

6.4 

6.7 

6.0 

6.3 

6.7 

26 

27 

3.9 

4.0 

4.1 

4.3 

4.5 

4.7 

4.9 

6.1 

5.3 

6.6 

6.9 

6.2 

27 

28 

3.7 

3.8 

4.0 

4.1 

4.3 

4.4 

4.6 

-4.8 

6.0 

6.3 

5.6 

6.8 

28 

29 

3.5 

3.7 

3.8 

3.9 

4.1 

4.2 

4.4 

4.6 

4.7 

6.0 

6.2 

6.5 

29 

J30 

3.4^ 

3.5 

3.6 

3.'7 

3.9 

4.0 

4.2 

4.3 

4.5 

^.i 

4.9 

6.1 

30 

31 

3.3 

3.4 

3,5 

3.q 

3.7 

3.8. 

4.0 

4.1 

4.3 

4.4 

4.6 

4.8 

31 

32 

5.1 

3.2 

3.3 

3.4 

3.5 

3*7 

3.8 

3.9* 

4/1 

4. '2 

4.4 

4.6 

32 

33 

3.0' 

3.1 

3.2 

3.3 

3.4 

3.6 

8.6 

3.7 

3.9 

,4.0 

4*2 

4.3 

33 

34 

2.9 

3.0 

3.1 

3.2 

3.2 

3.3 

3.4 

3.6 

3.7 

3.8 

3.9 

4.1 

34 

3d 

2.8 

2.JI 

3.0 

5.0 

3.1 

3.2 

3.3 

3.4 

3.6 

3.6 

3.7 

3.9 

35 

36 

2.7 

2.8 

2.8 

2.9 

3;0 

3.1 

3.2 

3.3 

3.4 

3.6 

3.6 

8.7 

36 

37 

2.6 

2.7 

2.7 

2.8 

2.9 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.6 

37 

38 

2.5 

2.6 

2.6 

2.7 

2.8 

2.8 

2.9 

3.0 

3.0 

3.2 

3.2 

3.3 

38 

39 

2.4 

2.6 

2.5 

2.6 

2.7 

2.7 

2.8 

2.9 

2,9 

3.0 

3.1 

3.2 

39 

40 

2,3 

2.4 

214 

2.5 

2.6 

2.6 

2.7 

2.7 

2.8 

2.9 

3.0 

3.0 

40 

41 

2.3 

2.3 

2.4 

2.4 

2.5 

2.6 

2.6 

2.6 

2.7 

2.8 

2.8 

2.9 

41 

42 

2.^ 

2.2 

2.3 

2.3 

2.4 

2.4 

2.6 

2.6 

2.6 

2.6 

2,7 

2.8 

42 

43 

2.1 

2.1 

2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

2.6 

2.6 

2.6 

2.7 

43 

44 

2.0 

2.1 

2.1 

2.1 

2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

2.6 

2.6 

44 

45 

3.0 

2.0 

2.0 

2.1 

2.1 

2.2 

2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

45 

46 

1.9 

1.9 

2.0 

2.0 

2.0 

2.1 

2.1 

2.2 

2.2 

2.2 

2.3 

2.3 

46 

47 

1.8 

1.9 

1.9 

1.9 

2.0 

2.0 

2.0 

2.1 

2.1 

2.1 

2.2 

£.2 

47 

48 

1.8 

1.8 

1.8 

1.9 

1.9 

1.9 

2.0 

2.0 

2.0 

2.1 

2.1 

2.1 

48 

49 

1.7 

1.7 

1.8 

1.8 

1.8 

1.8 

1.9 

1.9 

1.9 

2.0 

2.0 

2.1 

49 

dO 

t.6 

IT 

1.7 

1.7 

1.8" 

1.8 

1.8 

1.8 

1.9 

1.9 

1.9 

2.0 

50 

62 

1.5 

1.6 

1.6 

1.6 

1.6 

1.6 

1.7 

1.7 

*z 

1.8 

1.8 

1.8 

52 

54 

1.4 

1.4 

1.6 

1.6 

1:5 

1.6 

1.6 

1.6 

i.k 

1.6 

1.6 

1.7 

64 

56 

1.3 

1.3 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.6 

1.6 

1.6 

1.6 

56 

58 

1.2 

1.2* 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.4 

1.4 

1.4 

58 

60 

1.1 

1.0 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.3 

1.3 

60 

62 

t.O 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

l.l 

1.2 

1.2 

62 

€4 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

t  1.0 

1.0 

1.1 

64 

66 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

1.0 

66 

68 

0.8 

0.8 

•.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.9 

0.9 

68 

70 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.8  i  0.8   0.8 

0.8 

70 

do 

lo 

15- 

30" 

40 

50 

60 

70 

8<>  n\.m.  uj  45^Jvl^. 

TABLE  iCXiH. 

VoMOon  of  tfae  Sun's  Altitude  id  one  mindte  Inwi  noon.                           \ 

Declination  of  the  same  name  as  the  Latibide*                            | 

J  20 

13^ 

14P 

15* 

16«> 

,70 

18^ 

190 

^ 

2lo 

22<5 

23^ 

24° 

1  // 

II 

It 

// 

// 

II 

II 

41 

II 

//, 

II 

// 

II 

9.2 

8.6 

7.9 

7.5 

6.8 

6.4 

6.0 

6.7 

5.4 

5.1 

4.9 

4.6 

4.4 

^  : 

10. 1 

9.2 

8.5 

7.8 

7.3 

6.8 

6.4 

6.0 

5.7 

5.4 

5.1 

4.8 

4.6 

1   i 

11.1 

10.0 

9.2 

8.4 

7.8 

7.2 

6.8 

6.3 

6.0 

5.6 

5.3 

5.0 

4.8 

2 

12.3 

11.0 

10.0 

9.1 

8.4 

7.8 

7.2 

6.7 

6.3 

5.9 

5:6 

5.3 

6:0 

3 

13.8 

12.2 

10.9 

9.9 

9.1 

8.3 

7.7 

7.2 

6:7 

•6.3 

5.9 

6.6 

6.2 

4 

15.7 

13.7 

12.1 

10.9 

^.Z 

9.0 

8.3 

7.6 

7.1 

6.6 

6.2 

6.8 

6.6 

6 

18,3 

15.6 

13.6 

12.1 

10.8 

9.8 

8.9 

8.2 

7.6 

7.0 

6.6 

6.1 

6.8 

6 

21.9 

18.2 

15.5 

13.5 

12.0 

10.7 

9.7 

8.9 

8.1 

7.5 

7.0. 

6.5 

6.1 

7     I 

27.3 

21 .7 

18.0 

15.4 

13.4 

11.9 

10.6 

9.6. 

8.8 

8.1 

7.5 

6.9 

6.4 

8 

27.1 

21.6 

17.9 

15.S 

13.3 

litis 

10.6 

9.5 

8.7 

8.0 

7.4 

6.8 

9 

26.9 

21.4 

17.8 

15.2 

13.2 

11.7 

10.5 

9.5 

8.6 

7.9 

7.3 

10 

26.7 

21.3 

17.6 

15.0 

13.1 

11:6 

10.4 

9.4. 

Z,6 

7.8 

11 

26.5 

21.1 

17.5 

14.9 

W.O 

11.5 

10.3 

9.3 

8,4 

12 

26.2 

10.9 

17.3. 

14.8 

12.8 

11.3 

10.1 

9.2 

13 

26.0 

20.7 

17.1 

14.6 

12.7 

11.2    10.0  1 

14 

25.7 

20.4 

16.9 

14.4 

12.6   1 

Ll.l 

16 

2G.5 

I 

25.4 

20.2 

16.7 

14.3 

12.4 

16 

21.1 

26.2 

25.1 

20.D 

16.6 

14.1 

17 

17.5 

20.9 

26.0 

24.8 

19.7 

16.3 

18     * 

14.9 

17.3 

20.7 

25.7 

24.5 

19.5 

'^     i 

13.0 

14.8 

17.1 

20.4 

25.4 

,   ' 

24.2 

20     1 

11. d 

12.8 

14.6 

16.9 

20.2- 

25J 

21     i 

10.3 

11.3 

11.7 

14.4 

16.7 

20,0 

24.8 

22     i 

9.3 

10.1 

11.2 

12.5 

14.3 

16.5 

19.7 

24.5 

^     I 

8.4 

9.2 

10.0 

11.1 

12.4 

14.1 

16.3 

19.5 

24.2 

54 

7.V 

8.3 

9.0 

9.9 

10.9 

12.2 

13.9 

16.1 

lSf.2 

23.8' 

25 
26 

7.1 

7.6 

8.2 

8.9 

9.8 

10.8 

rt.i 

13.7 

15.9 

18.9 

23.5 

6.6 

7.0 

7.5 

SJ 

8.8 

%.^ 

10.6 

11.9 

13.5 

16.6 

18.6 

23.1 

27 

6.2 

6.5 

7.0 

7.4 

8.0 

«-.7 

9.5 

10.5 

11.7 

13.3 

16.4 

18.3 

22.7 

28 

6.7 

6.1 

6.4 

6.9 

7.3 

7.9 

8.6 

9.4 

10.3 

11.6 

13.1 

15.1 

18.0 

29 

|o.4 

5.7 

6.0 

6.4 

6.8 

7.2 

7.8 

8.4 

9.2 

lO.I 

11.3 

12.8 

14.9 

^ 

5.1 

5.3. 

5.6 

5.9 

6.3 

6.7 

7.1 

7.7» 

8.3 

9.0 

10.0 

11.1 

12.6 

31 

4.3 

5.0 

5.2 

5.5 

5.8 

6.2 

6.5 

7.0 

7.5 

8.1 

8.9 

9.8 

10.9 

32 

4.5 

4.7 

4.9 

5.1 

5.4 

5.7 

6.1 

6.4 

6.9 

7^4 

8.0 

8.7 

9.6 

33 

4.3 

4.4 

4.6 

4.8 

5.1 

5.3 

5.6 

5.9 

6.3 

6.8 

7.3 

7.18 

8^6 

34 

I  4.0 

4.2 

4.4 

4.5 

4.7 

5.0 

5.2 

5.6 

5.8 

6.2 

6.6 

7.1 

in 

35     i 

3.8 

4.0 

4.1 

4.3 

4.5 

4.7 

4.9 

5.1 

5.4 

5.7 

6.1 

0.5 

7.0    36   ; 

6.4     37     I 

3.C 

3.8 

3.9 

4.0 

4.2 

4:4 

4.6 

4.8 

5.0 

5.3 

5.6 

6.0 

3.4 

3.6 

3,7 

3.8 

4.0 

4.1 

4.3 

4.5 

4.7 

4.9 

5.2 

6.6 

6.B 

38 

3.3 

3.4 

9.5 

3.6 

3.8 

3.9 

4.0 

4.2 

4.4. 

4.6 

4.8 

6.1 

6.4 

39 

3.1 

3.2 

3.3 

3.4 

3.6 

3.7 

3.8 

4.0 

4.1 

4.3 

4.6 

4.7 

6.0 

40 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

5.6 

3.7 

3.9 

4.0 

4.2 

4.4 

4.6 

41 

2.9 

2.9 

3.0 

3.1 

3.2 

3.^ 

3.4 

8.5 

3.7 

3,8 

4.0 

4.1 

4.3 

42 

2.7 

2  8- 

2.9 

3.0 

3.0 

S.l 

3.2 

Zj9 

3.5 

3.6 

3.7 

3.9 

4.0 

43 

2.6 

2.7 

2.7 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.8 

♦* 

2.5 

2.6 

2.6 

2.7 

2.8 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

PA 

3.5 

45 

2.4 

2.4 

2.5 

2.6 

2,6 

2.7 

2.8 

2.« 

4.9- 

8.0 

9.1 

^,% 

3.3 

46 

2.3 

2.3 

2.4 

2.4 

2.5 

2.6 

2.6 

2.7 

2.8 

t3 

2.9 

3.0 

8.1 

47 

2.2 

2.2- 

2.3 

2.3 

2.4 

2.4 

2.5 

2.6 

2.6 

2.7 

2.8 

2.9 

0.0 

48 

2.1 

2.1 

2.2 

2.2 

S.3 

2.3 

2.4 

2.4 

2v5. 

2.6 

2.6 

2.7 

2.8 

49 

2.0 

2.0 

S.l 

2.1 

2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

2.5 

2.6 

1.6 

60 

1.8 

1.9 

1.9 

1.-9 

2.0 

2.0 

2.1 

2.1 

2.1 

2.2 

22 

2.3 

1.4 

62 

1.7 

1.7 

1.7 

1.8' 

1.8 

1.8 

1.9 

1.9 

1.9 

2.0 

2.0 

t.l 

t.l 

54 

1.5 

1.6 

1.6 

1.6 

1.6 

1.7 

1.7 

1.7 

1.8 

1.8 

l.B 

1.9 

1.9 

66 

1.4 

1.4 

1.5 

1.5 

1.5 

1.5 

1.5 

1.6 

1.6 

1.6 

1.6 

1..7 

1.7 

68 

1.3 

1.3 

1.3 

1.3 

1.4 

J. 4      1.4 

1.4 

1.4 

1.5 

1.5 

1.5 

1.6 

60 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2      1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.4 

62 

1.1 

1.1 

l.I 

1.1 

1.1 

1.1      1.1 

l.« 

1.2 

1.2 

1.2 

*  2 

1.2 

64 

1.0 

1.0 

1.6 

1.0 

1.0 

1.0      1.0 

1.0 

1.0 

1.1 

1.1 

1.1 

1.1 

G6 

0.9 

0.9 

0.9 

0.9 

0.9 

O.D     0.9 

0.9 

0.9 

09 

0.? 

1.0 

i.O 

6d 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8  '  0.8 

0,8 

0.8 

(»  « 

08 

08 

0.9 

70 

1  120 

130 

14<> 

\b^ 

I60  1  VP      18° 

190 

20^^ 

210  1  220  J  230 

24^^ 

J 

^6'" 

'I'AL.i.i:  xxxm. 


HI 


TifTT 


]    f^'  f    r   I    -•'  I    i^M    t^  1 


1    r  ?    i*-  1  If)' 


0.0 
0.0 

0  0 


1.3 


i.5 


!'■■■ 

'>  ■  M 

l..» 

4."' 

St     n.l 

l.i       ii    1* 

15 

U.J 

f  -;     '.  1 

IG 

0-1 

17 

0  1 

' 

m  i  n  r 

1   7 

i!>,*.» 

19 

U.I 

17 

5-4 

20 

OJ 

1. 8 

&A 

11     ] 

£1 

0.1 

l.tt 

G.* 

1 1 .  "J 

U 

OJ 

i.y 

fiJi 

U    .i 

t5 

0.1 

I.S? 

6,7 

11.1 

"ii 

0.^ 

^.q 

^.^ 

11  J. 

fii 

Qt 

2.0  1 

6.8 

11.7 

M 

0.2 

iM 

a  .  i) 

f7 

o.=i 

Sd 

a. I 

S9 

o.u 

30 

0,i 

31 

n  3 

yi 

rj  3 

^^ 

Jl"    -i 

El 

'1 

E-. 

1 

p 

,^r,.11 

■  '    t 

&&.3 

41.  U 

55. /j 

41   & 

Afl  « 

70.  M 
71.1 

7L4 
71   7 


U.4 

:.7 

it. 'J 

O.i 

t.i 

7.0 

a* 

i.e 

7.1 

O.A 

t.8 

7.S 

.J  ii 

-7        J 

I 

40 

t)  {i 

.3.1 

46 

0  6 

3  1 

7.1* 
7  7 


•i.t 


Jci-U 


I 


f                                      ^ 

! 

TMil              .    .   ^..,  .        ^    .  ^-^  ,    •,-..,     ^;,  ;■.  Vr, 

' 

^H 

'C*.=  - 

r^iiui  XXXIV.                   11                          TAW^irXXXtf:       "" 

1 

Errrn-^  mrirdi^  iroill 

h  twvtulnm  itir  it,„i^.i 

\ 

'  ^  .'ertniott. 

1 

« 

ta 

m                     10 '  43  ^50 

t|SflA 

tt' 

7^    Jf 

M 

"7" 

■     '   '  :      —  '    "  1 

1  jPI 

0 

0 

1 

1      1 

*> 

t 

f 

0     0 

"X 

*T 

0 

It 

«1 

«  i    =a 

3     4 

s 

fi 

^^^^1 

I 

5 

• 

s 

'      4 

0 

1 

1 

t     5 

4 

f» 

e      IT  '  ?  Ml   1 

B 

'  0 

1 

2 "; 

if  4 

e 

■ 

10 

1 

i 

V              ('  ' 

1 

1 

3  4  (J 

(^  . 

^^B 

I 

16 

0 

8 

7        />0 

1  * 

2 

3      S      7 

^ 

B 

^     l»            1 

9 

»        Ctt 

1 

2 

4     6      '■ 

J^ 

■ 

1     S3           S 

11 

11        65 

1 

3 

4 

•0 

^^1 

P 

Sir 

.13 

4 

G 

11 
11 

u 

70 

I 

3  ! 

d| 

i4 

B 

17 

75 

i 

3 

6  i 

W 

.19 

^       t 

1<» 

51 

SO 

I 

d 

sl 

\3 

i^l 

r 

i6         irt 

IM 

i?.1 

85 

2 

4 

Sir 

^^B 

f 

90 

'^  S- 

'4 

7    i 

^^^1 

Wl^, 

^^K.   . 

•  '  ,,        -^^  i 

95 

1 

4 

8    1, 

,    1; 

1    -n    1-1 

^^^ 

^^^1 

^K 

41 
48 
56 

100 

S 

3 

8    k 

t  i;»  !HH 

B 

^H 

■ 

Ir^ 

105 
110 

m 

5    " 
6 

G    1 

9  ,N 
10    Ifi 
1    n 

^  15— 

■ 

^M 

■ 

Wt      S3 

♦* 

10  1 

3 

■  ! 

'^^1 

3  :;3       SI 

6t 
t.   S 
l.U 

f    l£ 

1^ 

t  -  I© 

1  ig 

1.44 

120     1   3  1 

T^iFJui 

27  '3r7 

1                   1 

10 
10 

4. 05      1,  4 

KJO 

«    5 

• 

'- 

T*Bt»  YXXVL 

^^ 

", 

1^  yanow  ln*i£|iu  of  lU 

^«d»««p««,  I 

UF  1  4#o  !  Ill         |l"|  W^^^'     1  1 

nW^T^BT"^!' 

i^^^^^i 

1 

^^^ 

^ 

1 

'f' 

'  '+" 

'  ■■_. 

■ 

■ 

" 

1  :s5i  ts    5 

1      30 

to 

11 

)      "* 

?     4S 

'1    tIi  ^ 

^B 

■p 

1  1    I 

'  -:'i    r    4^ 

1     fg 

9 

1 

sJ 

I      41 

:-?:■ :   ' 

'M 

R 

5i      3J 

S     «^ 

7 

«: 

J     ^l 

*>■■" ' 

nl  ■"• 

4C       S 

1      19 

fi 

< 

31 

4 

17 

Gi       { 

17 

0 

i^^^H 

U 

& 

i 

S4 

:'. 

I^^^^H 

Ji  uu    i     ^ 

41    ;*2.  as 

]i     IB 

4 

^ 

SI 

Jif. 

r^^^^H 

B 

mA    4y     11 

53      ifi!    n 

1      11 

^ 

4 

17 

S4 

I'J^B 

V 

1     ^       ■■'      *'■ 

--.'    S2j    i; 

»        U 

3 

; 

14 

fo:    ::f 

,  jij    .^■^^H 

p 

1 

18]     K 

J        4J 

3!       5 

11* 
If 

11 

2S 

:c^     M 

^^^H 

.i' 

H 

'^t 

zi 

16 

11 

7 

l!J 

;^-^^ 

^^^^H 

1 

3i! 

27 

t2 

IB 

14 

n 

« 

1 

10 

13      17 

i^^B 

1 

51 

i!4 

U 

let 

13 

« 

»       6 

'J, 

It      Id 

i^  iiiH 

1 

2fi 

9t 

n 

16 

II 

£ 

5 

8 

11^     14 

'■ 

31 

Itf 

u 

IS 

10 

r 

_i 

^ 

G 

9      11 

i3    J?  f 

^^^H 

in 

If! 

1:3 

It 

8 

t 

^ 

a 

0      10 

n            ! 

^^^^B 

ih' 

H 

II 

9 

7 

£ 

:i 

a 

7       9 

Ifti                .^^^ 

H 

n 

10 

& 

6 

4 

3 

4 

6     i 

9 

11 

^^^^H 

U 

10 

9 

7 

5 

4 

2 

4 

5       fi 

S 

t 

^^^^H 

- 

5, 

7 

6^ 

£ 

3 

■f 

3 

4       fi 

7 

1 

^H 

& 

6 

i>^ 

4, 

3 

1 

3 

4|       0 

^ 

7 

WM 

H 

•     7 

n 

5 

4 

3 

0 

£ 

3       4 

J 

« 

^^^^H 

■ 

1 

♦T 

5 

4 

5 

S 

0 

0 

% 

31       Si 

4 

^ 

^^^^H 

■ 

0 

*i 

4 

^ 

S 

2 

0 

0 

2 

^   3 

4 

A 

^^^^H 

I 

4 

4 
3 

5 

5 

9 

I 

0 

^  a 

1 

^, 

-      H 

Z 

**    S 

I 

0 

0 

*^^ 

1 

til 

3 

W 

^ 

£       « 

^       1        1 

0     0; 

1        1        I 

S 

t              ^^^1 

\ 

s 

1        I 

1       1        I| 

(^1 

0        0 

t|       1        1; 

1 

'      ^H 

\ 

1 

1        1 

0       0       0 

0 

0       0 

0^0 

1 

n^^H 

fc=r 

Q 

oj 

Oj 

o:     d    0     m    o(     i« 

0{      0       0 

oi 

j^^^B 

1 

hi 

i 

i 

it 

^^^^^^^^^^^^^^^^^^^ 

^^ 

B 

TABl 

Lopgittfdf f  afid  LmtiAjttJ : 


,  Tur  Jut*.  1.  W2(i. 


Nftmesof  Stari* 


z 


iu*^***  ^cif&nf '»'*•**  * 

tluiH  .» ...,.,«.....•. 

isori  w t..*.. 

rtitff *.  Ai.t^eii4tu3i  *. 

««..••  Cfi^i^a  **«««•  ■ 


t.aiis:tiLi(ic« 


Ljiiiiude, 


riJ  I        »^         '        ** 


9 

3 


3*4 

%'4 


5 

J 

li 

J 

I 
I 


I 


.  •*ATAm* 


.  r^HAtHAtrT  , 


II.'. -J.    1.    7 
II.   JA%^'X 
^    11 


50,30 
SO*  la 


ao  211 

4y.ijo 
mi  2 

50.  J  t 


50.08 
50-45 
30.HJ1 

30.2U 


50. 4i 

iiO.Sf) 
SVA2 


50.«1 
50,21 


*-0,4S 
—Mil 

i''i^ 

^.13*  0  ».| 
lb.   3.  4«.i 

0..>U.  4  h. 

i 

0.1  i.M  a. 
10.  :*.  ON. 

^-0  tl 

4.3V 


^TABLES  XXXVllL  XXXIX 


Exxuit 


..tt 


T 


•J 

J> 

\ 

7 

3 

^J 

+ 

9 

f 

U 

3 

It 

4 

1* 

lute 


7..^ 


N.nlf 



^ 

. 

,^ 

u 

'.   1 

3 

0 

0 

J 

t7        T 

1 

311 

0 

zn 

tfi 

•', 

':% 

i, 

^  /     ir 

ta 

n.f 

l« 

17.4 

!i 

2n    ' 

A, 6 
^    1 

Ml 

n.6 

It 

h 

h 


tIiIt 


lioh  <Tif  ffl  P*#{^t'l|  .liily 


f^fmi^i^r 


iT'TW!^.  I! 


AI>crraiif*Ti  m 


P^F:t  1 


I    XLIL 

I  nil  niTtJ  necljpatlwLi 

f%RTiri. 


77 


.^3  IQ 


ti_ri+^i±^±_-Lr  I 


40 


4 Ml  ;:j 
18  t2 


4 

3 

*i|i^     tXj 


a. I 


lit,  CT.llO.  4>]9.  3. 


ii,    *iH>     ;l 


n.  ».|  iu.  4J  &>  3,1 


T"  ,'■ 


I  tiitii  ilteur  M^iif  vrili  lie  Uio  iii.«fnibtiii  iii  »itUiiuUt«iu^  in  isv  ft|ti>U*  ci  (*j  (Uc  «*< 

r*  •       l:  '   V     V  It,  A  mid  fliic.  ofu  Ptf^it  r  '     ''    .-».  1 


H  part  I,  -4^11.  '*/ 
45|*iifitL^0.  II 


-f  U.  m  log.  I  OHiOS 


.+1S^.  5 


b£.  I.09Q47 


Suut4^        If,  7  13    hit  ^  0,  Ci 


Arct 


Jt^ 


^^^^■^        ^l^^^^^^^^^p^^^^^^^^^^ 

^^^H                      TABi.E  XLtH 

iri 

^^^^BSr^trT  J       ^  Aff  ■•lision  iind  Dccl»i4tl*5D  <o  be  npptki^  to  r  1 

M 

^ 

^^P<4=^':?                                     rg.  It  A^  > 

.32 

1     !U 

i         ' 

7   .<■. 
rs    ; 

f" 

4     I    ti 

1 

i              -fl 

■ 

J 

if 

7   .921  tt     07 

1    -UZ    u 
I    .73    12 

1      • 'V    rr 

1  n    J  ^i'/ 
1  ifi    J  -i^.-' 

1 

4 
5 

7  Jii 

7     -iiS 

/I    n 
4  .yo 

4     7R 

I    AS 
1    .02 
0  .«7 
0   -75 

'J 'J 

8 
7 

5 

0o 
224 

1    . « > 

1    ,15 
1    .11 
1     11 

}  ,7^  <^  ^  I 

»  ,73U  ,10      .              L 

>    .7f>!0   .11      !^     ||»5>  6     [ 

1 

4 
1 

S6 
Si7 

1    Jo! 
1    .tit* 
1    .01.  i 
1    JH' 

1  M 

1 

M     fi.  10.  4.'!1       a. 

10.  4,9,  ?J    ^^ 

rnfindthf  MtMfrmt^fa  Sfffr  in  Bfght  Jhrawon-^FUHl  \n  f*Ar^ 

i 

1 

► 
i^ 

1 

Ue4]iiipedtJ 

lo  Nutntion  of  a  F< 

IE— L  15 

ig&^,  1^  a  A.  iuni  thrill  Jl^ 

b_ 

II    i7-:m  Puh 

1 

a37fr 

■ 

1 

1 

1 

■ 

^ 

1 

^W     To  Aii.l  rf,|,    I.,..,. 

Aff. = All,  flcma  -|-  up,  di^f.  (f 


TAULE  XLm 

>f  Uii»  ^\Io(»^*t  Semiifbmetcr,  by  fi 
^^Ppwtml  dlMiUtioe  erf  die  Moon  i  , 


afl 


from 


^-  lip,  diii.  ([ 


nr 


Sumcif 


+ 


d 


Part  1117 


12 
14 


».  18 


1  10  .7 

a  ji 

1  H  ,2 

0  .u 

11  j; 

0  ,11 

It  .0 

t>  .la 

i^  ^ 

0  Jfl 

JS  .8 

0  47 

13  .1 

0  AU 

0  J-i 

ta  -a 

0  3 

t>,       U    ,t#     (J^l 


H  ,5 

15  .a 

16  -I 

16  .7 


LiV__A^-^ 


0  jn 

0  ^ 


Ncmb 

0.  ID 

0,  SO 
0    If} 


'i  -IIOJU  M2 


0  jojo  .wl  ^ 


O  ^i 


0  nolo  01 


u  m 


05-0  m 


&.    0   0 
6.    0  0  .WJ 


l<^ 


2W 


H  '»  Hofrr.  Sfml   Djftm 


0  Wa  .oflL  .ID 


tl'tltltl 


n  m'o  fu  n  iiu;  /I  (K- 


mA  I 


i^^j 


,1J.M^ 


9.4 

10  4 
4  lli*  M 


7. til    P  I 


IHI 


l7.6  ^Kvo  |n>6  ^y>  »>  F 


(0  Its.  fl 

10  lit   Ml 


,  sy^     4KY^  '^  -n    ,    i  ■    _-■ 

^-  ^'  1 

/^ 

.1-/ 

■■    1   ■'■ 

0.0    *>-0 

o.a 

0.0 

0-0 

0.0  f  ^« 

,0  0    ^"'    ^ 

0   1    ft  1 

0  a 

0.3 

0.5 

<\  0  p.o 

(KO   1' 

<i  I 

a.r> 

0.1 

0  0  ^'^' 

0  6 

111.  >: 

O.B 

1  Ik 

10 

1  ■^ 

0,0 

K, 

in   III 

■  " 

10.  0 

Ho 

9.6*) 

i:     . 

■eo' 

tl,40     ( 

0 

Ipa 

9.30 

If 

^Ho 

a. 20 

0  - 

2.50 

y  JO 

0  ■ 

3.  Or 

9.  0 

0  . 

3.l» 

flfiO 

1  . 

ii.:« 


i.^ 


:j.o 


0  0 
0.0 
0.1 


0.1 
0.1 

n.i 


I.  o' 
4.111 

5-  0 
6.  0 


7.40 
7.  0 


TABLE  XLVl.    Latitudes  aisd  Longitudes. 


£4 


ITM3  Table  amlaiiis  ike  Latitudes  and  Lonoituuks  of  the  moit  remarkable  iioriours, 

Islands,  Shoals,  Capes,  ^,  in  the 

vf  OKhDf  founded  on  the  latest  and  most  aeeurate  Jistro' 

nomictd  ohservatums,  surveys  and  charts,] 

The  LonjcituUes  are  rerkoned  from  the  meridian  of  Greenwich. 
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Lat. 

d":"?!: 

AMSaiCA. 

D.   M. 

Li<rht  hoiMes  on  Baker's 
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Island 
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70  47W 

D.    M. 
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42  34 

70  52 

ENTRANCE    of    St 
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Croix  Rirer    .     .     . 
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67    8W 

Marblchead     .     .     .    . 
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(middle  or  West  pas 
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Point  of  Boston  har- 
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bour)     
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dyBay)     .... 
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66  54 

Boston  light-house    .  . 
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VVolres'  Islands      .      . 
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66  41 

BOSTON       .     .     .     . 

42  23 

71     4 

B.  end  of  Grand-Manan 

44  47 

66  43 

CAMBRIDGE   (Mass) 

42  23 

71     8 

Grand-Manan  N.  head 

44  53 

66  45 

Scituate  light      .     .     . 

42  11 

70  41 

do.    West  end    .     . 

44  40 

66  55 

1 

Plymouth  lights     . 

41  59 

70  34 

Titmanan  Light      .      . 

44  25 

67  40 

Race  Point  light     .      . 
CAPE  COD  light    .    . 

42     6 

70  14 

Entrance    of    Machias 

42    5 

70    4 

River 

44  44 

67  20 

S 

Chatham  light    .     .     . 

41  43 

69  56 

Gouldsboro' Harhour    . 

44  34 

67  52 

1 

Sandy  Point  orMalabai 

41  34^ 

69  59 

Mount  Desert  Rock 

43  52 

68    9 

^ 

Shoal  of  George, 

S 

Long-Island   (south  of 

Great  Shoal  S.  £.  P. 

41  34« 

67  40 

Mount  Desert  or  en- 

do.    do.    W.  P.    .    . 

41  42  g. 
41  48?' 

67  59 

trance  of    Blue-Hill 

do.    do.     N.  E.  P.     . 

67  47 

i      Bay) 

44    9 

68  31 

do.  North  Shoal    .    . 

41  53<f 

67  43 

1  UleofHolt    .... 

44  00 

68  40 

do.  Third  Shoal    .    . 

41  51^ 

67  26 

'^CasUne 

44  24 

68  46 

do.  East  Shoal     .      . 

41  47 1 

67  19 

Matinicus  Island     .     . 

43  50 
43  45 

68  55 

NANTUCKET     light- 

,1^ 

Wooden  Bald  Rock     . 

68  54 

house 

41  23 

70  00 

Island  of  Manheigin    . 

43  44 

69  15 

Sancoty  head  on  Nan* 

Penmaquid  Point    .    . 

43  48 

69  27 

tucket  Island     .     .  . 

41  16 

69  58 

Bantum  Ledges    .    .  . 

43  42 

69  33 

Tom  Nevers  head    .    . 

41  14 

69  59 

Kennebeck    River   en- 

Nantucket South  Shoal 

trance    

43  43 

69  47 

(true  lat.  by  Blunt)  . 

41     4 

69  55 

Sqguine  Island  light 

43  41 

69  46 

Cape  Poge,  (Vineyard) 

41  25 

70  25 

Cape  Smalt  point     .    . 

43  40 

69  52 

3quibnocket-head 

Gashe's  Ltd^e  (shoalest 

(southwesterly  partof 

part) 

43     4 

69  11 

Martha's  Vineyard)  . 

41  17 

70  48 

Alden's  Ledge  (oflTCapc 

Gay  Head  light-house. 

Elizabeth)  .... 

43  28 

70    9 

1 

(Vineyai-d)      .      .     . 

41  21 

70  50 

Brunswick     .... 

43  52 

Noman's  Land  Island  . 

41  15 

70  49 

PORTLAND  light-hou. 

43  39 

70  17 

New- Bedford  light  hou. 

41  35 

70  63 

Cape  Elizabeth    .    .   . 

43  33 

70  15 

3^ 

Buzzard's  Bay  entrance 

4]  28 

70  50 

Saco  River  entrance    . 

43  28 

70  26 

NEWPORT    .     .     .  . 

41  29 

71  18 

Wood  Island  L.  House 

43  27 

70  22 

Rhode  bland  light-hou. 

41  28 

71  23 

Agamenticus  Hill    .    . 

43  16 

70  41 

Point  Judith  L.  house  . 

41  21 

71  29 

Cape  Porpoise    .    .    . 

43  21 

70  26 

^ 

Watch  Hill  P.  light  .    . 

41  20 

71  53 

Wells  Harbour    .    .    . 

43  19 

70  33 

S 

Little  Gull  light    .     .  . 

41  14 

72  10 

Bald  Head     .... 

43  13 

70  35 

i 

Block  Island    .     .     .  . 

41  10 

71  33 

flCapc  Neddock  Nubble 

43  10 

70  36 

5 

New-London    (or    en- 

§ York  River    .... 

43    7 

70  33 

trance     of     Thames 

^  York  Ledge    .... 

43    6 

70  34 

river)  light-house 

41  21 

72  11 

^  Boon  Island  light    .     . 
^  Boon  Isfauid  Ledge  .    . 

43    6 

70  31 

Falkland  Island  L.hou8e 

41  15 

72  45 

43    4 

70  27 

NEW-HAVENentr'ce. 

41  17 

72  58 

PORTSMOUTH  light- 

i 

Montock  Point  (E.  end 

house     

43    4 

70  44 

of  Long-Island)  light 

43     5 

70  46 

i 

house    

41     4 

71  55 

Isles  of  Shoals  light      . 

42  56 

70  33 

^ 

Ea^t  Hampton  in  do.  . 

41  00 

72  16 

NEWBURYPORT 

NEW-YORK  City    .  . 

40  42 

74  00^ 

^     lights  on  Plumb  Island 

42  48 

70  51 

New-York    light-house 

S  Ipswich  entrance     .     . 
^Squam  light    .... 

Sandy  Cove  (or  Bay)  . 

CAPE  ANNJighthoua- 

42  43 

70  49 

. 

on  Sandy  Point    .     . 

40  28 

74     1 

42  42 

42  41 

70  41 
70  33 

k 
N 

Perth  Aiftboy      .    .     . 
Little  Egg  Harbour      . 

40  30 
39  30 

74  30 
74  22  , 

Great  Egg  Harbour     . 

39  18 

74  34 

mimTbMUik^m  U- 

Cape  May     .    .     .    . 
PHILADELPHIA^ .  . 

38  57 

74  58 

and    .    .    .    ... 

42  40 

70  34 

39  67 

75    9  ! 

£$• 


TABLE  XLVI.    Latitudes  and  Longitudes. 


Laf. 

Long. 
D.    M. 

"■ 

Lat. 

l-ong. 

D.   M. 

D.    M. 

D.   M, 

i 

CapeCharies     .     •    . 

37     7N 

76  15V\^ 

Muskito  or  N.  Smyrna 

Cape  Henry  light  .  .    . 

36  56 

76  18 

a 

entrance        ... 

28  52N 

80  56W 

Norfolk  (Vir.)    .     .     . 

36  53 

76  34 

•? 

Cape  Canaveral 

28  IS 

80  33 

^ 

Peteraburgh  (Vir.)    .  . 

37  12 

77  44 

jS 

Outer  breakers  off  do. 

28  20 

80  13 

York  Town  (Vir.) 

37  12 

76  33 

•-^ 

Las  Tortolas  or  Hum- 

1 

RICHMOND  (Vir.)     . 

37  30 

77  44 

mocks    

27  35 

90  30 

■I 

Annapolis  (Mar.)    •    . 

39  00 

76  37 

1 

27  31 

90  19 

r 

ALEXANDRIA  (Vir.) 

38  49 

77    4 

s 

-S.P.        .        . 

27  16 

80  13 

1 

WASHINGTON    City 

38  53 

77    2 

1 

Mount  Pclado  or  Bald 

•2 

Chincoteague  Sboals 

Head 

27    1 

80  11 

1 

(on  Maryland  shore) 

37  58 

75  15 

Grenville's  Inlet     .      . 

26  47 

80    2 

BALTIMORE    .     .    . 

39  23 

76  39 

Cooper's  Hill 

26  42 

80    3 

Roanoke  Inlet    .    .    . 

35  50 

75  35 

SandHilU 

26  32 

80    3 

CAPE  HATTERAS    . 

35  14 

75  30 

New  Inlet     .... 

26  17 

80    6 

S^ 

Extreme  shoal  off  do.  . 

35     3 

75  23 

Middle  River  entrance 

26    7 

80    7 

Deep  soundings  off  do. 

34  56 

75     9 

CAPE  FLORIDA    .  . 

25  42 

90    9 

Ocracock  Inlet     .     .  . 

35     I 

75  59 

Aliol,  N.P.        .    .    . 

25  20 

90  20 

Cedar  Inlet    .... 

34  47 

76  22 

Cuyo    Laigo  or   Long 
Key,  N.  E.  P.     .     . 

CAPE  LOOKOUT      . 

34  34 

76  37 

24  57 

80  35 

Extreme  shoal  off  do.  . 

34  21 

76  32 

—  S.  E.  P.        .    .    . 

24  52 

80  34 

Deep  soundings  off  do. 

34     7 

76  12 

Sombrero  or  Hat  Key  . 

24  32 

81  23 

Old  Topsail  Inlet     .     . 

34  39 

76  46 

LooeKey                .    . 

24  28 

81  37 

Beaufort  (N.  C.)     .     . 

34  42 

76  46 

u 

Samboes 

24  25 

81  47 

1 

Chcesman*s  Inlet     .    . 

34  41 

76  51 

^ 

Sand  Key  or  C.  Arena 

24  21 

81  59 

Bouge  Inlet    .... 

34  38 

77  14 

^ 

S.  W.  end  of  shoals  off 

1 

Swan^borough    .     .    . 

34  41 

77  17 

"§• 

C.Florida     .      .     . 

24  20 

82  31 

Bear  Inlet      .... 

34  36 

77  21 

Tortugas    Islands    and 

1 

New  River  Inlet     .     . 

34  34 

77  30 

1 

Banks,  N.  W.  part  . 

24  34 

83    2 

Stump  Inlet    .... 

34  31 

77  37 

6 

—  N.  E.  do.      ... 

24  37 

82  45 

New  TopsaU  Inlet    .   . 

34  27 

77  44 

—  S.  E.  do.      .    .    : 

24  33 

82  45 

Sandy  Inlet    .... 

34  19 

77  55 

"g 

—  S.  W.  do.      .    .    . 

24  25  , 

83  00 

Deep  Inlet        .      .      . 
WILMINGTON     .    . 

34  14 

78  00 

71 

Key  Marquis      .     .    . 

24  30 

82  13 

34  17 

78  10 

Boca  Grande  or  Great 

Brunswick     .... 

34    3 

78  10 

. 

Mouth        .        .      . 

24  32 

82  U 

SmithrUIe     .... 

33  54 

78  13 

Key  Samba 

24  35 

91  53 

New  Inlet      .... 

33  57 

78    6 

Island  of  Pines       .      . 

24  42 

SI  41 

CAPE  FEAR    .    .     . 

33  48 

78    9 

K'eys  of  Bay  Honda     . 

24  44 

81  29 

Extreme  shoal  off  do.  . 

33  36 

77  47 

Key  Vacas 

24  41 

8!  17 

Deep  soundings  off  do. 

33  11 

77  26 

KeyAgi        .        .      . 
Cape  Sable  or  Tancha  . 

24  48 

81  16 

j 

I^kwood's  Folly  Inlet 

33  53 

78  25 

24  50 

8119 

Shallot 

33  51 

78  39 

1 

Cape  Romano    or    P. 
Larga 

Little  Rirer  Inlet    .    . 

33  50 

78  49 

1 

26  00 

81  51 

O 

GEORGETOWN    .    . 

33  25 

70  00 

Boca  Grande  ent    B. 

^ 

Ditto  light      .     .    . 
Shoals  off  do.      .    .    . 

33  13 

78  55 

'^ 

Carios        .        .      . 

26  41 

82  10 

33    8 

78  42 

Boca  Serraxota    .     .  . 

27  16 

82  37 

» 

Cape  Roman       .    .    . 
CHARLESTON     .     . 

33    2 

79     6 

Spirito  Santa  Bay  ent 

27  38 

82  47 

32  46 

79  48 

;j 

Keys  Anclotc 

28  11 

83     7 

Charleston  light-house . 

3-3  40 

79  40 

? 

Keys  of  St.  MaKin    .  . 

28  42 

33     1 

North  Eddisto  Inlet      . 

32  30 

79  59 

^ 

Fresh  water  Keys    .     . 

29    8 

83    5 

South  Eddisto  Inlet      . 

32  28 

80    7 

Cayos  de  Cedres     .    . 

29  23 

83     5 

BEAUFORT  (S.  C.)    . 

32  28 

80  33 

v^t.  Marcos  de  Apalacbe 

30    9 

94  19 

Port  Royal  entrance    . 

32    8 

80  27 

South  Cape 

29  48 

84  29 

1 

sivAN^^AH        ."      ; 

■52  00 
32     2 

80  49 
SI     3 

St.  George's  Key,  S.  P. 
Cape  St^Blas 

29  30 
29  36 

85  18 
85  35 

;!5 

SL  Catherine's  Sound  . 

31  37 

81  13 

Bay  St.  Andre«(E.poiiit 

St.  Simon's  Sound    .   . 

31     1 

81  36 

of  Island  Rosa)    .    . 

30  21 

86  43 

Brunswick  (Geo.)    .    . 

31  10 

Bay  St.  Rosa  (W.  point 

1 

Amelia  Sound  (entrance 

of  do.)       ... 

30  19 

87  31 

of  St.  Mary's  river)  . 

30  44 

81  43 

PENSACOLA    .    .    . 

30  24 

87  27 

1 

Cumberland  Isl.  (S.P.) 

30  43 

SI  35 

River  Perdido        .      . 

30  18 

87  46 

Amelia  Island  (S.  P.)  . 

30  28 

81  36 

Mobile  Point 

30  13 

88  81 

■s* 

River  Nassau  entr^ce 

30  28 

81  35 

MOBILE        .        .    . 

30  40 

88  21 

o 

River  St.  John  entrance 

30  21 

81  35 

Massacre  Island    . 

30  12 

98  37 

^ 

St.  Augustine        .       . 

29  51 

81  28 

I.  del  Cuerpo 

30  12 

88  49 

Island  Anastasia,  N.  P. 

29  51 

81  23 

CandelariDs,  K.  P.      . 

29  59 

88  57 

—  »f  •                 .       .129  37 

81  17 

■■ 

-S.P.      '.        ,      . 

29  28 

189  12 

^^.v 


TABLE  XLVI.    Latitudes  and  Longitudes. 


TST 

• 

-Tsr 

ts 

D.    M. 

D.    M. 

D.   M. 

D. 

Key  Breton 

99  28N 

89  18W 

StCbrisfrsorStKitts 

Entrance  of   MISSIS- 

^ 

—  N.W.  point    . 
St  EustaliaTown 

17  34N 

68  i 

SIPPI,  N.  E.        ,    . 

29  18 

99    9 

1 

17  89 

63 

«9    8 

89    6 

Saba   .        .        .        . 

17  40 

63  ] 

—  S.  E.        •        .      . 

28  59 

89  13 

6 

Aves  or  Bird's  L  about 

15  40 

63  4 

-  8.  W. 

88  56 

89  89 

Baibuda,  N.  P.    . 

17  44 

61  i 

NEW.ORLEANS 

29  57 

90    9 

"i  ! 

St  Bartholomew,  E.  P. 

17  54 

68  < 

e 

Baton  Rouge 

SO  36 

91  13 

•S 

St  Martin's,  E.  P. 

18    4 

63 

Long«l8land 

29  15 

90  14 

^ 

AnguUa,  S.  W.  point    . 
-N.  E.do. 

18  18 

63 

•3 

I.  Tonbalie,  8.  P. 
I.  del  Vino  W.  end 

88  58 

90  39 

18  18 

68  i 

1 

88  56 

91  84 

Prickly  Pear 

18  80 

63  ] 

Baneofl  de   Hostiones, 

lale  of  Dogs,  western   . 

18  19 

63  i 

-8.  P.        .        .       . 

88  50 

91  44 

Sombrero    . 

18  38 

63  : 

—  W.P. 

89  86 

93    4 

^ 

StCroixorStCruzE.P. 

17  45 

64  : 

Iron  Point  or  Point  Fi- 

g 

—  W.  P.     . 

17  48 

64  I 

crro 

29  14 

98    7 

« 

Anegado,  S.  P.  of  sboal 

13  36 

64 

Deer  Point 

89  26 

98  89 

1 

-W.P.     .        .        . 

18  46 

64  S 

Point  del  P^aro    .      . 

89  84 

98  48 

Virgin  Gorda,  E.  P.     . 

18  30 

64  i 

River  Lobos,  ent. 

89  32 

93    4 

Tortola,  E.  P.      . 

18  28 

64  : 

Salt  water  Bay        .     . 

89  26 

93  88 

—  W.P.     . 

IS  25 

64^ 

Constant  Bay 

89  87 

93  39 

St.  John's    . 

18  28 

M^ 

River  Mermentao 

89  38 

94  11 

St  Thomas 

18  88 

64  I 

Point  ent  riter  Sabine 

89  40 

94  57 

Bird  Key     . 
Serpent  I.  £.  part 
—  Crab  I.  E.  part 

18  15 

18  19 

19  10 

64  i 

65  ] 
65  ] 

It  Itlandainthe 

fVatrnd 

iet. 

Lat 

Long. 
D.    M. 

TRINIDAD, 

D.    M. 

Cape  St  John  or  N.  E. 

18  84 

65  i 

—  Spanish  Town 

10  39N 

61  30VV 

PORTO  RICO    . 

18  89 

66 

-  Icaque  Point     .      . 

10    4 

61  55 

Point  Bruquen  or  N.W. 

18  31 

67 

—  Point  Galiote      .   . 

10    9 

60  55 

2 

Point  St  Francisco 

18  88 

67  1 

—  Point  Galera        .    . 

10  51 

60  51 

^ 

Cape  Roio  or  8.  W.  P. 

17  68 

67 

Tobago,  N.  E.  Point    . 

11  89 

60  17 

Los  Moriilos 

18  00 

67  1 

— S.  W.  point        .     . 

11     5 

60  4S 

^ 

Point  Coama 

17  55 

66  i 

^ 

Grenada,  N.  E.  point  . 

18  19 

61  40 

ft. 

C.MalaPasquaorSE.P. 

17  59 

65  A 

1 

—  8.  W.  point        .     . 
Grenada  Bank.  Middle 

11  58 

61  53 

Shoal 

19  20 

65  t 

U  55 

68  18 

^ 

Barbadoes,  8.  P. 

13    1 

59  36 

Muertos  Island    . 

17  58 

66  ! 

^ 

—  E.  do. 

13    8 

59  34 

La  Moon  I. 

18    6 

67  i 

1 

—  Bridgetown        •     . 

—  N.  W.  p^t        .    . 

13    5 

69  41 

Monito  I.    .        .        . 

18    9 

67  t 

13  18 

59  44 

Zaeheo  or  Desaecheo  I. 

18  84 

67  5 

£ 

St  Vincents,  N.  point 

13  18 

61  81 

—  8.    do. 

13    4 

61  80 

Cape  Engano 
Saona  I.  E.  part  . 

18  35 

68S 

St  Lucia,  8.  point 

13  30 

61  00 

18  13 

68  I 

—  N.  do.        .        .    . 

13  56 

60  56 

St  Catherine's  I. 

IS  18 

68  i 

Martinico,  8.  E.  point  . 
—  Diamond  Rock 

14  24 

60  56 

St.  Domingo 

IS  88 

69  t 

14  84 

61     6 

. 

La  Catalina 

18    8 

70  ] 

—  Port  Royal        .      . 

14  36 

61    9 

J 

Cape  Bcata 

17  48 

71  S 

—  Maeouba  Point 

14  56 

61  83 

1 

AlUvela  rock  off  do.    . 

17  88 

71    5 

Dominica^  8.  point 

15  14 

61  83 

Cape  Jacquemel  . 

18  13 

78  I 

—  N.do.        .        .    . 

15  39 

61  30 

Island  Baca 

18    4 

73  : 

The  Saints  Island 

15  58 

61  37 

fe 

Point  Gravois 

18  00 

73  I 

Mariagalante,  N.  P.     . 

16    4 

61  14 

o 

Cape  Tiberon       . 

18  80 

74  i 

-S-do.     .        .        . 

^5  53 

61  15 

& 

Navaza  Island     . 

18  84 

75 

6uadaloupe,S.W.  P.  . 

15  58 

61  48 

1 

Cape  Donna  Maria 

18  38 

74  5 

—  N.  W.  do.      .        . 

16  80 

61  56 

^ 

Jeremy 

18  33 

74 

—  N.  E.  do.       . 

16  30 

61  33 

^ 

Caymito 

18  39 

73  i 

—  8.  E.  do.       . 

16  11 

61  15 

^ 

Petit  Guave 

18  25 

73  I 

Deseada      . 

16  81 

61     8 

PORT-AU-PRINCE    ! 

18  89  • 

78  : 

—  fv.  point 

17    5 

61  44 

18  33 

72.  i 

17    5 

68  00 

I.  Gonave,  8.  E.  P.      . 

18  48 

73  i 

Monserrat,  3.  P. 

16  48 

68  17 

—  N.  W.  P. 

18  56 

73  J 

-N.P.      . 

16  50 

68  17 

St  Mark     . 

19    4 

78  < 

16  56 

68  88 

St  Nicbola  Mole 

19  49 

73  J 

Nevis 

17    9 

68  33 

TortudasW.  P.   . 

1?     o 

20    6 
Ion     o 

78  i 

uiyiuzed  by  VjOOQIC 


iH 


TABLE  ilCLVI.    Latitudes  and  Longitudes. 


Tlr 

Long. 

■^ 

Lat.       Long.  | 

D.    M. 

D.   M. 

D.    M. 

D.    li. 

Port  Dauphin 

19  42N 

71  56W 

LosCol0nMlos,S.W.P. 

22  19N 

S4  44W 

Shoal  off  M.Christfi     . 

20    2 

71  40 

—  N.  E.  P. 

22  58 

83    S 

Monte  Christe     . 

19  54 

71  43 

Point  Juan  and  Jaunito 

22  22 

S4  21 

Point  babeUa      . 

19  68 

71  10 

Hill  Gu^jibon      . 

22  48 

83  21 

Old  Cape  Francois 

19  40 

69  55 

Bay  Honda 

22  54 

93     5 

Cape  Samana 

19  16 

69    7 

Port  Cabanas 

22  58- 

32  52 

Cape  Raphael      * 

19    3 

68  53 

MARIEL    . 
River  Banco 

23     1 
23     4 

82  45 
82  3S 

Morant,  £.  P.      . 

17  58 

76    9 

HAVANNAH     (the 

KINGSTQN       . 

Id    1 

76  61 

Moro)      .        . 

23    9 

88  19 

g 

Port  Royal 

17  69 

76  65 

i 

Point  Escondido  . 

23    8 

81  47 

•5 

Portland  Point     . 

17  42 

77  14 

Point  Giianos       , 

23    9 

81  40 

Pedro  Bluffs 

17  60 

77  65 

0 
■^ 

Pan  of  Mataiizas ' 

23    2 

81  42 

^ 

Black  Riyer 

18    1 

78     1 

MATANZA.^      .        ; 

23    3 

81  36 

^vannah  la-Mar 

18  13 

78  23 

1 

Point  Ycacos 

23    8 

SI     9 

Gape  NegrU,  S.  point  . 

18  14 

78  37 

stone  Key  off  do. 

23  12 

81     9 

—  N.  do.    . 

18  24 

78  35 

1 

Key  Cruz  del  Padre     . 

23  14 

90  55 

Montego  Bay 

18  31 

78    9 

Las  Cabczas 

23  lb 

BO  43 

Marthu  Brae 

IS  31 

77  49 

Nicholas  shoal 

23  10 

80  13 

St.  Ann's     . 

18  31 

77  22 

Key  Carenero 

22  51 

79  49 

GaUna  Point 

18  29 

76  59 

Key  Francis 

22  40 

79  17 

Arnatta  Bay 

18  21 

76  51 

Key  William  (northern- 

N. E.  Point 

18  13 

76  20, 

most)       .        .        . 

22  36 

78  34 

St  Juan 

22  14 

78  58 

Morant   Keys    or  Las 

Key  Coco  %  side  Bsdia- 

Ranas     .. 

17  25 

7^00 

ma  channel 

22  29 

78  17 

Pedro  Shoals 

Key  Point  Paredon  do. 

22  30 

79     5 

—  Portland  R.  N.  E.  P. 

17  00 

77  13 

The  Barrel  . 

22  25 

77  56 

—  RatUesnake,  N.  W. 

Cayo  Coiiiites      . 

22  11 

77  40 

P. 

17    6 

'79  13 

Cayo  or  Key  Verde     . 

22     5 

77  37 

—  South  part      . 

16'43 

78  26 

Guajava 

21  54 

77  25 

Formigae  Shoal,  N.E.P. 

18  34 

75  42 

Point  Maternillos 

21  40 

76  59 

—  S.  iV.  P. 

18  28 

75  51 

Point  dc  Mangle  . 

21  13 

76  14 

Little  Cayman,  S.W.  P. 

19  36 

?0    6 

Poifit  de  Mulas   . 

21     7 

75  34 

Caymanbrack,  £.  P.     . 

19  43 

79  52 

Tanamo 

20  43 

75  13 

Grand  Cayman,  S.W.P. 

19  18 

81     5 

KcyMoa     , 

20  44 

74  49 

—  E.  P.      . 

19  IS 

80  37 

Point  Guarico      . 

20  40 

74  41 

Swan  Islands 

17  21 

84    4 

Baracoa 

20  28 

74  85 

New  Shoal 

15  56 

79    8 

NaTftxa 

IS  24 

75    3 

Shoal'         .        . 

19  56 

69    5 

NativitybankorE.  reef 

20    8 

68  41 

Cape  Mayze 

20  14 

74    4 

>uperb  ?hoal 

20  58 

68  59 

C.  Bueoo  or  Guanos    . 

■ZO    6 

74  12 

Silfer  Key,  S.  E.  end  . 

20  15 

69  89 

Point  ent  Cumbcriand 

—  N.  E.  do.        .        . 

•20  32 

69  87 

Har.         .        .        . 

19  54 

75  11 

—  VV..     do.        .        . 

20  29 

69  59 

St.  JAGO  DE  CUBA, 

Square     Handkerchief, 

entrance  . 

19  57 

76    5 

N.  E.  P.          .        . 

21  20 

70  «S 

Tarqutn's  Peak    . 

19  54 

76  50 

—  S.  E.  P. 

20  56 

70  98 

Cape  Cruz  . 

19  47 

77  42 

—  S.W.P.         .        . 

20  53 

70  56 

1 

Boca  del  eate 

20  19 

79    8 

Turk's-Island,  Grander. 

21  30 

71     S 

Key  Breton 

21     6 

79  56 

—  Salt  Key 

21  20 

70  58 

0 

Trinidad  river      .        . 

21  44 

80    5 

—  Sand  Key       .      ' . 

21  12 

n   10 

't* 

BayXapa.        :        . 
Stone  Keys . 

21  53 

80 '48 

—  Endymion's  Rocks  \ 

21     7 

71   15 

1 

21  47 

81  45 

Great    Caycost    MKtffa 

^ 

Los  Jardioes 

21  37 

81  31 

i^ 

Part         .        .        . 

21  31 

71  «r. 

< 

3.  E.  point  of  the  Bank 

21  24 

81  18 

1 

—  N.  E.  P.  or  shoal 

^ 

El  JardiniUo 

21  24 

SI  50 

St.  Phitip 

21  45 

71  88 

Keys  Jardine« 

21  24 

82    4 

-N.  W.part     .        . 

21  54 

71  47 

L  Pines.  S.  W.  P. 

21  22 

82  55 

North  Cayoos.  middle . 

91  56 

71  57 

Indian  Keys 

21  29 

82  56 

Booby  Rocks  off  do.     . 

21  58 

71  57 

Keys  St.  Philip    . 

21  48 

83    6 

Providence  Caycos.  N. 

Point  Piedras       . 

21  4S 

83  42 

W.  P.      ... 

21  58 

78  21 

Cape  Corientes    . 

21  43 

84  S3 

LtttIeCaycos,S.W.P. 

21  36 

78  87 

Cape  Sl  Antonk) 

21  54 

84  57 

Key  Francis 

21  31 

18     7 

-^ancho  Pedro  Shoal    . 

22    4 

85  28 

Sand  Key    . 

21  18 

78     3 

u 

-^hqa!  discovered  in  1797 

22    6 

85    3 

^ 

South  KeTs  shoal 

21     1 

71  43 

TABLE  XLVI.    Latitudes  ahd  Lon^tudes. 


29 


■:■  1 

Lat. 

„-B: 

Tsr 

Tss: 

D.    M. 

D.   M. 

D.    M. 

Great  Inagaa  or  Hene- 

Leeward  Stocking  I.    . 

23  60N 

76  101 

aga,N.  E.P.   . 

21  19N 

73     IW 

THE  HOLE  IN  THE 

- 1.  E.  P.          .        . 

21  00 

73    6 

WALL    . 

25  51 

77  13 

—  S.  W.  p. 

20  54 

73  41 

1 

Rocky  point  of  Abaco  . 
Elbow  Key 

26  14 

77     6 

—  N.  W.  P. 

21     8 

73  41 

26  31 

77  00 

Little  Hencaga,  E.  P.  . 

21  29 

72  65 

*J 

Manof^^arKey 

26  36 

77     5 

-W.P.    ?      .        . 

21  28 

73    7 

1 

Great  Guano  Key 

26  43 

77  11 

Ho^ties  or  Corrolaes  . 

21  39 

74  00 

1 

Los  iGalapagos,  N.  P.   . 

27  22 

78  21 

Bank 

21  67 

72  65 

Lit.  Bahama  Bank,  N.P. 

27  60 

79  11 

Maraguana  £.  Reef 

22  17 

72  39 

Memory  Rook 

26  58 

79    4 

—  N.do.    , 

22  30 

73    6 

Sand  Key    . 

26  54 

79    1 

—  S.  W.  point    . 

22  20 

73  11 

Wood  Key,  or  C.  l,eno 

26  46 

79  00 

French  Keys  or  1.  Pla- 

Gr^at  Bahama  L  W.  P. 

26  38 

78  55 

1 

nas          ... 

22  40 

73  34 

—  S.P.       . 

26  21 

78  35 

Miiuponrofl  Keys 

22     7 

74  32 

—  E.  P.      . 

26  19 

78    9 

3 

Castie  Island  or  South 

1 

DogKOTs,  N.P.  . 
Water  Key 

24    1 

79  45 

1 

Key         ... 

22    8 

74  20 

23  68 

79  67 

Fortune  Island,  W.  P. 

22  30 

74  20 

,8* 

Double-headed    Shot 

3 

North  Key,  Bird  I.       . 

22  50 

74  22 

Key,  Western  . 

23  62 

90  14 

a^ 

Crooked  Uland,   W.  P. 

22  48 

74  18 

^ 

Salt  Key      . 

23  39 

80    8 

—  E.  P.       . 

22  3S 

73  50 

i 

Anguihi,  E.  P.      .      _ . 

2^  27 

79  14 

Atwood*B  Keys,   or   1. 

Bermuda     . 

i?amana,  £.  P. 

23    5 

73  35 

—  GEORGETOWN,  . 

32  22 

64  33 

-W.P.     .        .        . 

23     3 

73  49 

i 

—  Wreck  HUl,  western- 

Rum  Key     . 

23  34 

74  57 

most^land 

32  15 

64  50 

Watland»a  I.  N.  E.  P.  . 

24    6 

74  26 

■3- 

Best  Latitude  to  run  for 

—  S.    kP. 

23  57 

74  37 

1 

Bermuda 

32    8 

Conception,  or  Little  L 
St.  Salvador,  or  Guana- 

23  52 

75  16 

III.  East  Coast  ofiAmtrica,fram 
of  Mexico  to  Cape  Ham, 

theGui 

hari,  S.  P.       ..        . 
N.  P. 

23  57 

24  33 
24  32 

75  32 

75  49 

76  12 

LitUe  St  Saivaclor,N.p! 

Lat 

D^^SS: 

EJeuthera  or  Hetera  L 

D.    M. 

—  PoweK*  Point,  S.  P. 

24  38 

76  23 

Point  Gulebrao,  E.  part 

—  Point  Palmeto          ^ 

25  12 

76  26 

I.  St.  Louis      . 

29  ION 

96    5* 

—  James  Point    . 

25  24 

76  36 

Point  s?t.  Francisco,  en- 

Harbour Island 

25  29 

76  60 

trance  of  Bay  St.  Ber- 

Egg Island,  W.  P. 

25  28 

77    6 

nard         .        .        . 

29  69 

96  65 

New  Providence  . 

Horse  Inlet 

28    8 

^7  35 

—  NASriAU 

25     5 

77  22 

Point  of  the  Coast 

26  46 

97  35 

-E.  P.       ,        . 

24  59 

77    9 

BardeSt.  Jago   . 

26    5 

97  31 

1 

—  vv.p.     .        .       . 

24  59 

77  35 

River  Brabo,  cnt. 

25  55 

97  2i 
99r  3? 

Andros  Islands,  S.  P.    • 

24    4 

77  45 

1 

River  St.  Fernando,  ent. 

25  22 

* 

-N.P.      .        .        . 

25  24 

78    3 

Inlets  to  Laguna  Madrc 
Bar  de  la  Marine,  en- 

25   2 

97  41 

Berry  Islands,  Eastern 

25  22 

77  41 

1 

i 

—  Northern 

25  49 

78    1 

o> 

trance  river  St.  Ander 

23*45 

97  68 

"§ 

—  Great  Harbour 

25  49 

78    5 

Bar  del  Tordo      . 

22  62 

97  07 

9Q 

Little  Isaac,  Eastern    . 

25  57 

78  46 

i 

Mount  Commandante  . 

22  48 

97  58 

1 

Great  Isaac 

26    1 

79    2 

o 

Bar  de  la  Trinidad 

22  39 

97  57 

5 

Bernini  Island,  northern 

1 

BarCiega    . 
River  Tampico    . 

22  34 

97  58 

fresh  water  ^tey 

25  43 

79    8 

29  16 

98    t 

Cat  Key       . 

25  23 

79  10 

Point  de  Xeres     . 

21  55 

97  45 

Riding  Rocks 

25  17 

79    4 

CapeRojo   . 

21  45 

97  35 

Orange  Keys,  North    . 

24  58 

79    6 

Tamiagua  City    . 

21  16 

97  45 

—  South     .        .      *  . 

24  53 

79    6 

River  Tuspan,  cnt 
Point  Piedras 

21     1 

97  30 

Key  Guinehos      . 

22  44 

78    1 

20  80 

97  21 

KeyLobos  , 

22  25 

77  33 

River  Cazones 

20  44 

97  16 

LasMucaras 

22  10 

77  12 

20  40.. 

97  12 

^outh  edge  of  the  Bank 

22     5 

76  22 

Boca  de  Lima      . 

20  37 

97    7 

Key  St,  Domingo 

21  45 

75  45 

River  Tocolata,  eat.     . 

20  30 

97    1 

>t.  Vincent's  Shoal 

21  56 

75  19 

Mount  Gordo 

20  22 

96  67 

Key  Verde  Uland 

22     1 

75     5 

River  Nauta,  ent 

20  16 

to  50 

Key  Sal      .        .        . 

22  12 

76  41 

River  Palina,  ent 

20  10 

96  45 

YunaorLong  I.  S.  P.22  49 

74  46 

Point  Piedras 

20  OQ 

96  35 

--N.P.      .        .        .23  30 

75  19 

River  de  Santa  Noa.     . 

19.56 

^30 

^ 

Exuma.  N.  W.  p.        .fo  36 

75  61 

.' 

"c^"^" 

""""^ 

TABLE  XLVI.    Latitudes  and  Longitudes. 


t  DeteAda 
t  N.  Andrea  . 
t  de  Bernet    . 
r  St  John  Angel 
pa 

de  Orizaba  . 
t  de  Sampola 
rStCarios  . 
r  Antigaa 
tGorda 
A  CRUZ  . 
ohn  de  UUoa 
apa 

r  Medellin,  cnt. 
t  Auton  LiMurdo 
leAWarado  . 
>talpan 
I       •    . 
t  Roca-Partida 
i  Morillos 
la      ♦,•    . 
t  Zapolitan    . 
tXicacal 
t  St  John     . 
ilia 

juazacoalios 
r  Tonelado    . 
r  St  Ann 
r  CupUco 
Bocas  . 
r  Chittepeque 
r  Tabasco      . 
r  St  Peter  ^  Paul 
tJicaiango    . 
d  Carmen     . 
t  Escondido  . 
r  Chen 
t  Morros 
IPECHE      . 
t  Desconocida 
tOorda 
t  Piedras 


llara     . 
a  d^Silan 
uyo 

dJolvasjN.  P. 
d  ContOT,  N.  P. 
A.Tea8  btandi 
[  Obispo 

ties  Islands 
hoal 
Neuva  I. 
d  Arenas 
irmeja,  or  N. 
loal 

Sisal    . 
ran       .        • 
girt  ofBank  off  this 
ast 

<.  do.     . 
Mugeresy  or  Wo- 
m'sl.   . 
inkun,  S.  P. 
River 
^igj^ales 


W 


Lat 
D.  M. 

;9  62N 
19  43 
19  40 
19  32 
19  38 
19  « 
19  30 
19  26 
19  20 
19  15 
19  11 
19  16 
19  4 
19  6 
19  4 
18  46 
18  35 
18  38 
18  40 
18  41 
18  18 
18  34 
IS  27 
18  19 
IS  7 
18  8 
18  8 
18  8 
18  13 
18  13 
18  14 
IS  22 
18  27 
18  44 

18  46 
IS  50 

19  20 
19  40 

19  50 

20  55 

21  6 
21  9 
21  20 
21  22 
21  26 
21  30 
21  30 
21  36  • 
20  16 
20  32 
20  59 

20  33 

21  50 

22  7 


22  36 

21  27 

22  29 

23  43 
23  27 

21  18 
20  42 
20  26 
20  5 


Long. 
D.   M. 
%26W| 
96  21 
%21 
96  20 

96  50. 

97  9 
96  16 
96  15 
96  14 
96  4 
96  4 

95  58 

96  6 
95  59 
95  45 
95  38 
95  29 
95  18 
94  59 

94  51 

95  5 
94  41 
94  37 
94  29 
94  27 
94  12 
93  55 
93  41 
93  8 
92  45 
92  39 
92  7 
91  64 
91  29 
91  14 
90  51 
90  36 
90  39 
90  30 
90  29 
90  19 

90  13 

89  19 
88  45 

88  23 
87  43 

87  11 
86  58 

91  51 

92  5 
92  7 
91  50 
91  48 
91  26 

91  21 

90  2 

89  26 

88  43 
86  37 

86  42 

86  68 

87  15 
87  34 


Bay  Ascension,  ent 
Island  Cosuittely  N.  P. 

—  S.  E.  P. 
Rio  Hondo,  eUt  . 
I.  Ubero,N.P.    . 

S.  P.       . 
I.  St  Crux 
Key  Jaicos 
North  Reef 
Chief  Channel     . 
Wallis's  River,  eat 
El  Chinchorro  I.  N.  P. 

S.  P.  of  shoal 
Misteriosa  1. 
Viciosil.      . 
Santanilla  or  Swan  L  . 
South  Keys,  N.  P.        . 

—  Hat  K^,  S.  P. 
Longcrifie,  or  Glover*! 

Reef,  S.  P. 

Sapotillas  Keys,  S.  E.P. 

RatUnl.  £.  P.    . 

-rW.P.      . 

Gnan^ia  or  Boaacea  I. 

Point  Manabiqoe 

Omoa 

Point  Sal     *        .        . 

Triunfode  laCrux 

Uttllal.N.P.      . 

Tnizillo 

Cape  Delegado,  or  Hon- 
duras 

Cape  Cameron     • 

Cape  False 

Cape  Gracios  a  Dios 

Cazones,  W.  P.  . 

—  S.  E.P.  . 
Cayman  or  Tivorilla 
Key  John  Thomas 
Alagarte  Alia,  N.  W.  P. 

—  S.  E.  P. 
Serranila 
Serrana  xir  Peari  I.  N.P. 

—  S.  P.       . 
Guana  Recft,  N.  P. 
-S.P.       . 
Roneador    ^ 
Musketeers 
Providence  I.  N.  P. 
Musquito  Keys,  N.  P. 
Ned     Thomas*    Keys, 

S.P.  .  . 
Bracman's  Bluff  . 
Man  Of  War  Keys 
Little  Com  Isfaind 
Great  Com  Island 
Bhieftelds,  ent  . 
I.  St  Andrew,  and. 
B.  3.  £.  Keys 
S.  S.  W.  Key,  or  Al- 

burquerque 
Paxoro  Bovo 
St  John's  Point 
Port  Boco  Tore    . 

Escudo,  N.  P. 
Wjw^hjge^nt^^ 


X  M. 

19  26N 

20  11 
19  52 
19    4 

.19  20 
13  22 
IS  20 
18  14 
18  2 
17  54 

17  52 
IS  5S 

18  19 
18  3S 
28  00 
17  21 
17  30 
17  00 


16  21 
16  00 
16  24 
16  13 
16  32 
15  39 
15  37 
15  47 

15  41 

16  00 

15  53 

16  00 
16  2 

15  14 

14  57 

16  2 

15  41 
15  46 
15  23 
15  21 

15  5 

16  5 
14  46 
14  23 
14  49 
13  59 
13  39 
13  27 

13  27 

14  49 

14  18 
13  51 
13  4 
12  19 
12  10 

11  50 

12  33 
12  22 


88  3W 
86  34 

86  32 
88  17 
88  3 

87  53 
87  52 
S7  52 
87  60 

87  55 

88  19 
87  11 
87  6 
85  25 
84  44 

84  4 
87  12 
87  8 

87  41 

85  12 
S6  20 

86  57 

86  7 

88  29 

87  57 
87  29 
37  17 
87  2 
86  6 

86  11 
85  10 
S3  3 
82  46 
S3  11 

82  27 

83  26 

81  49 

82  5 
-81  54 

80  9 
79  47 
79  51 
90  44 
90  41 
79  46 

79  46 
90  39 
82  19 

BS  21 
82  50 

82  39 
82  6 
32  II 
82  54 

81  00 

80  41 


TABLB  XLYI.    Latitudes  and  Longitudes* 


2^ 


PORTO  BELLO 
FaruUoii  I.  K.  P* 
Po'iat  Miiniaaillo 
Point  St.  BL&s      . 
Point  Conception 
1  lie  of  Pines 
Cftpc  Tiburot* 
River  SuniquiUt,  ettt.    . 
Point  CarabaniL    . 
Faint  irboktes    . 
hiitmiX  Piierte 

^i.  Bem«ra,N.W,P 
GARTH  \GF.N1 
txalcra  de  ?^ainba 
VVestcrat.   River  Mag 

H.  MftrthR  , 

Capa  A^j^ 

Sunk  NuTio  qucbrtulo 

flnchft 

Ciipo  la  Vein 

Point  G^linif 

Ca|}«  Chiehibaco4 
PoinlKwpaJa 
I  St.  Carloi    . 
MARACATBO 
Coro 

Point  Cart]  on 
Point  MilcoIIgi 
Ciip«  St  Roman 
Itlftna  Orubtii  N.  W. 
—  3.  E.  P. 
Point  Aricula 
Point  SiLv^nnod    . 
Point  Soldsiilo 
K«j  Borrocbo 
Tucocai 

PORTO  CABELLO 
V^nlencia 

Point  St,  John  Andres 
Point  Oricaro 


ID.    M. 

9  40 

9  38 
9  33 
9  19 

8  £5 
3  40 
7  57 
S  37 
B  49 

9  30 
9  49 

10  3u 
10  48 


U  3 
U  lii 

11  n 

11  36 
t1  31 
U  11 

i£  sr 

13  31 
1%  17 

12  5 

n    3 

10  43 

11  Si 

11  35 

n    6 

12  12 

13  33 
13  tS 
11  57 
H  33 

I  14 
10  57 
10  51 
^0  29 
10  18 
10  90 
10  31 
10  38 
10  37 
10  30 


Point  Trim^iiert    . 
LA  GUIR\ 
CAREVCCAS     . 
Centiada  L  or  Wliite 

Rock        -         .  ,  10  50 

CapeCodera        *  .  10  36 

Diracoa  L  N.  P.  ■  13  34 

S.  E,  P.  ,  .1«    3 

T.ittlc  Cumco        .  .  1 1  59 

Buenayre,  N»  P.  *  13  21 

I— S.  P,  »  .  ,12  3 
Binl«  or  Avea  L  weitum  12  00 

—  Eaittern  ,  *  11  58 
Ooca.  W.  P.         .  .41   SI 

—  E.  P.  .  <  at  51 
Orchilltit,  .  .11  49 
tllanetiL  .  .  .  11  53 
Tort'.igri  h  .  .  10  57 
Seven  Brotben  mid,  ,'11  46 
Margftriti»  W.  P.  ,11     2 

R.  P.       .         .  .11  00 

h  CHflgiit  or  Pearl  L  .  10  49 

Priam  L        .  *  ,1111 

1.  SoUi  .         .  JU  iO 

T€»ts)5*)«  1.  *         .  11  24 

fliver  OrquUla  enL ^  1 0 g^ 


i-ong.  I 
D.  M. 
79  35VV 
79  33 
79  30 
78  40 
77  53 
77  39 
77  B9 
7h  54 
76  57 
76  3^ 
76  13 
75  50 
75  e9 
75  30 

74  56 
74  11 
74  12 
73  11 
73  56 
73  14 
71  41 

70  59 

71  17 
71  8 
71  12 
71  17 
,69  46 
70  30 
70  19 
70  7 
70  9 
69  6H 
69  53 
69  10 
63  35 
68  19 

68  17 

69  4 

68  7 
67  4S 
67  17 

67  4 
66  59 
66  57 

66    6 

66  3 

69  13 

68  46 
68  41 
68  26 
68  18 

67  43 
67  39 
66  58 
66  32 
66  5 
&I  40 
65  19 
64  27 
64  23 
,63  50 
64  14 
63  43 
63  38 


Lai. 
D,  M. 
10  SN 
10  30 
10  16 
10  37 
10  35 
10  43 


10  41 
10  43 

10  46 
10  45 
lO  44 
10  41 

Id  12 

9  St 

8  25 
S  22 

7  00 


Nefr  BareelOQa    . 

r  Borraebo 

Sante  Fe      . 

Ciimana 

Aravi 

Morro  Chocopata 

Eacondido    or    Hidden 

Port 
Ciipc  Malapaiqun 
Cape  Throe  Points 
Pojnt  lialcra 
Point  Pena  or  Ralina    < 
Dragon's  Mouth  . 
River  Oayrtipiche,  ent, 
Point  Morro 
Oronoco  River 
Cape   Brtrmn 
Eftsequebo  Ri\Gr 
DEMERARA  river,  en  t- 

Corrobano  Point 
River  Bcrbice,  Ent. 

SURINAM  River,  ent. 

Paramaribo 
Ir.  Marourt,  entrance 

CAYENNE 

Oyapo^k  River,  St  Lou jfl 

Cape  Orange 

R,  Cat^ipour,  entrance 

Gape  North 

Moutb  of  River  Amazon 

Capo  Magoany    » 

Point  Tagioea 

Para    . 

Bay  Maracuno    . 

Caite  Harb, 

Cape  Gurapi 

Skoal 

Island  of  St,  Joao 

Bay  of  Mt.  Lui^ 

Baj  de  Cabalo  dc  Velba 

Point  of  B.  Atiui 

Itacnluini 

S,  [Vlnrcua    , 

Va.  de  AlacantriL 

St.  Lain  do  Maranbam 

Coroa  Grande,  or  Great 
Croivii  Banks,  N.  £ 
Point 

Fin  dosLancocsGrandea 

LSl  Anna 

Bay  of  Rio  Pergiiii-aa 

Iqitnraan  ent.  Pambaiba 

JcHcoacoani 

Coras  de  Cancu 

Moil  at  Melanciaa  Point 

Searra 

Bayl^iinpc  . 

Roccaa  (ilangor^us) 

?L  Lorenzo 

Point  Daniel 

Bsjcni  dc  Salina    . 

Point  Fedras 

Cape  St  Roque    . 

River  FanibilMiT  tint. 

L  Tamariea 

Pemambuco         .  r^ 

Cap&  Si.  Atti^tine       J 

U to  !^t ,  Franci -ico  . Jl d 


48 

20 
5S 
49 
50 
56 
51 
13 
54 
48 
IS 
179 
33 
38 
37 
47 
42 
€3 
17 
5 

1  30 

2  3 
2  7 
2  S7 
2  2^ 
2  29 


2  li 

3  19 

2  IS 

2  33 

3  44 
2  44 

2  48 

3  7 
3  32 
3  40 
3  5^ 

3  57 

4  43 
4  40 

4  52 

5  e 

6  48 

7  46 


^k 


Long. 
D.  M, 
64  46W 
64  48 
64  31 
64  15 
64  20 
i63  54 

63  27 
63  4 
63  44 
63  33 
61  53 
61  48 
63  13 
dl  5S 
60  26 
60  4 
58  £0 

57  58 
57  II 

^^  15 
55  15 
53  53 
S3  15 
I  40 
I  20 
51  10 
50  10 
50  00 
47  56 
47  28 
17  53 
47  10 
46  33 
45  23 

43  40 

44  13 
43  18 
43  54 
13  44 
43  50 
43  40 
43  47 
43  40 


43  tS 

42  40 
4S  5 

43  4 

tl  20 
40  15 
39  41 
39  7 
38  27 
3.S  14 

35  26 
37  52 
37  24 
37  00 

36  38 
35  33 
35  10 

34  57 

35  3 
3*  51 

36  4 


TABLE  XL VI.    Latitudes  and  Longitudes. 


nsr 

D^'^: 

om  Copt 

SALVADOR  (Cape 
Antonio)    . 

D.   M. 

HofH  to  ley  Ctfte, 

13     IS. 

33  32W 

a, 

Ut. 

D^S 

1  Ilhos 

14  52 

38  50 

f 

D.   M. 

»  -^cguro 

16  40 

39  00 

^ 

CAPE  HORN     . 

55  58S. 

67  2I\V 

lilos  Islands 

18  00 

38  22 

? 

L  Diego  RamirexS.parC 

56  32 

68  36 

itu  Santo 

20  U 

39  33 

§ 

—  N.part            .        . 

56  25 

68  45 

8t  Thomas 

21  59 

40  40 

L  St.  Udefonso  3.  P.    . 

55  56 

89  17 

on's  Islands 

22  22 

41  46 

^ 

Terra  del  Fuego 

s  b.  St.  Ann's  Bay 

22  35 

42    5 

—  False  Cape  Horn     • 

55  43 

98    8 

n  Island 

22  44 

41  50 

-^  Yorltminster    . 

55  87 

70    4 

2  FRIO 

23     1 

42    6 

—  C.  Gloucestef. 

54    7 

73  35 

» Islands     . 

22  59 

42  29 

—  Cape  Pillan  S.  W, 

xNegra 

23  00 

42  41 

entrance   to   Magel- 

ice Inlands  . 

23    2 

42  56 

lan's  Straits     . 

59  45 

74  57 

r  I.  off  a  Janeiro 

23     5 

43  16 

ETangelist  I.  W.  entr. 

i^U  Cruz     . 

22  57 

43  16 

Magellan's  Straits    . 
Cape  Victory 

59  34 

75    5 

r^NEIROharb.  . 

22  52 

43  13 

59  95 

74  57 

•Loaf 

22  58 

43  17 

Cape  St  Jago      . 
Cape  Three  Points 

50  54 

75  30 

Guaratiba   . 

23  10 

43  39 

49  46 

75  45 

Maranbaya 

23  17 

43  58 

Cape  Corso 

I.  Campfuia  N.  W.  point 

Cape  Tres  Montes 

49  96 

75  45 

indeS.P.    . 

23  22 

44    9 

48  00 

75  19 

Joantinga    . 

23  27 

44  22 

46  59 

75  97 

Sebastian,  N.  P. 

23  36 

45    2 

45  51 

75  98 

P.       .        .        . 

23  52 

45     2 

L  Huafo  W.part 

44  00 

74  49 

it  Trigo 
atlierine*8  Island  . 

23  59 

45    4 

P.  Quilan    . 

43  41 

74  91 

27  32 

43  00 

P.  St.  Carlos 

41  49 

73  53 

St.  Pedro    . 

32    ^ 

52    9 

P.  Qnedal    . 

41     5 

74    9 

St  Mary    . 

34  39 

53  58 

P.  de  la  Gelera    . 

39  54 

73  46 

KJS        .         .         . 

35    2 

54  42 

VALDIVIA,  entrance  . 

39  51 

73  33 

snado  harbour 

34  56 

54  50 

P.Tirua      .        . 

38  29 

73  46 

Piedras       . 

35  29 

57    2 

•^ 

I.  de  la  Mocha  W.  part 
St.  Maria  Ishmds  N.  P. 

38  90 

74    5 

fTE  VIDEO 

34  54 

56    4 

§ 

96  59 

73  41 

NOS  AYRES       . 

34  37 

53  24 

'^ 

-S.P.        .        .        . 

37    5 

73  49 

St.  Antonio 

36  21 

56  45 

CONCEPTION,  city   . 

36  49 

73    9 

Lobos 

36  55 

56  47 

1 

Talcahuano,  port  of  do. 

36  41 

73  19 

Corientes    . 

37  59 

57  39 

*^ 

Santiago      . 
VALPARAISO,  port    . 

33  97 

70  43 

dc  Neuya    . 

42  55 

64    9 

33    1 

71  37 

ielcna  , 

44  30 

65  27 

Point  Ballena 

31  50 

71  44 

leorge's   Bay,   C. 

Coquimbo    . 

99  56 

71   19 

rdova  . 

45  45 

67  25 

Huasco 

98  26 

71   15 

Blanco 

47  15 

65  57 

Copiapo      ..        .  '     . 

27  10 

71     8 

Desire 

47  45 

66    2 

P.  Ncgra     . 

26  94 

70  56 

St.  Julian,  ent    . 

49    7 

67"  42 

Isl.  St.  Felix,  Eastern  . 

96  20 

79  47 

ruz  harbour 

50  19 

68  29 

—  Western 

96  16 

80    3 

Fairireatber         : 

51  34 

63  59 

I.  Blanca     . 

24  56 

70  36 

Vii^ins,  northern 

Monro  Moreno    . 

93  18 

70  39 

nt  of  entrance  to 

Morro  de  Mexilones    . 

23    4 

70  98 

geilan's  Straits     . 

52  24 

6^  25. 

Point  Tames 

99  33 

70  10 

Espirito    Santo 

Jaguey  de  Ra^uisa 

91  50 

70    9 

uth    point  of  en- 

PavellondcPica 

90  58 

70  16 

nce  to  do.)  • 

52  40 

68  26 

Point  Piedras 

90    5 

70  13 

idelFuegoC.Penas 

53  45 

67  29 

Point  Pisagua      . 

19  96 

70  19 

pe  St.  Diego 

54  37 

65    5 

\nck 

18  97 

70  19 

D  Land 

Point  de  Coles     . 

17  49 

71  14 

St.  John,    east- 

Ilo       .        .        .        . 

17  38 

71  IS 

tmostland  nearC. 

Point  Coraejo  '    . 

16  41 

79  46 

rn       .        .        . 

54  48 

63  42 

1 

Cdmanli 

16  17 

73  91 

St.  .Bartholomew 

54  57 

64  39 

Atico 

16    8 

73  47 

del  Medio  entr. 

R.  St.  Juan 

15  15 

75  14 

:.e  Maire's  Straits 

54  49 

64  48 

Los  Amigos  Point 

14  97 

76    9 

Island  £.  part 

55  17 

66  95 

Pisco 

13  46 

76  19 

t*s  Island,  middle 

55  32 

66  47 

Caneta 

IS    1 

76  97 

ibelas  Isla]ids,£.P. 

55  44 

66  46 

P.  Cbiica     , 

19  33 

76  43 

E   HORN,   South 

I.  St.  Lorenzo,  W.  P. 

19    5 

T7    8 

1  of  Hermit's  Isl. 

55  63 

67  21 

LIMA 

CALLO,  sea  port  of  Li. 
ma           .        .        . 

19    3 
19    9 

76  5S 

77  4^ 

' 

1146  J 

7  10  . 

TABLE  XLTL    ILatitudes  and.  Longitudes. 


nr 

D.  M. 
16  2N 
16  55 

20  32 

21  30 

21  28 
;23  4 

22  44 
27  46 

29  49 

30  23 

31  46 

32  59 
34  38 

36  38 

37  49 

40  19 

41  3 

42  53 

43  26 

44  52 

45  43 

46  19 

48  24 

49  24 

49  36 

50  6 
50  34 
50  56 

50  48 

51  12 
61  57 

52  42 

52  53 

53  52 

54  SO 

55  12 

56  12 
56  38 
56  43 


* 


Los  Hormigas  hhuidi 
I.  Pelada  . 
island  St  Martia . 
Point  8antander  • 
Rock  seen  in  1792 
Ferroi  (entrftnce) . 
Traziilo 

I.  Mal&bngo  (port) 
Isl.  Lobos  de  Mer . 
Isl.  Lobos  de  Tierre 
Eten    . 

Point  de  Ajogft     . 
Point  Payta .  * 
Cape  Blanco 
P.  Malpelo  . 
GUAYAaUIL  City 

Puna,S.W.  P.. 
Point  8t.  Helena  . 
L  Pclado      . 
Point  del  Callo     . 

dclaPJata,W.  P. 
Cape  St.  Lorenzo 
Manta 
Cape  Pasado 


0  . 
ArboS  . 

(!ape  St.  Franeisco 
P.  de  la  Galeni     . 
R.  Esmeraldaa  entrance 
P.  Manj^es  , 
I.  Tmnaco   ;        .     . 
P.  Guaacama 
L  Gorgona  middle 
RiTer  C^ambrie,  ent 
L  de  Malpelo 
L  de  Palmas 
P.  ChiranOiira 
Cape  Corientes     . 
Limonea 
P.  St  Francisco  Solano 
P.  Gtracbine 
PANAMA  . 
P.  Mala 
Pearcos  Point 
I.  Quibo.N.P.     ; 
Los  Ladrones 
Point  Burica 
Gulfe  Dulcc,  W.  P. 
L  Cano  ent  off  Engtisb 

haibour    . 
Cape  Herradura  . 
Cape  Blanco 
Nicoya 

Monro  Hennoso  • 
P.  St  Catharine  . 
St  John'a  Har.  . 
Point  Desolado  . 
Leon  .  .  . 
Real^o 

Asenadores  •  • 
Point  Cosignina  . 
Point  Candadillo  . 
Sacatecoloca 
Point  Remedioa  . 
P.  Gautimala 
?JjgJoVentoja^^^ 


CatT 
D.   M. 
U  56S. 
11  27 
11     3 
10  39 
10  4» 

9    7 
^    8 

748 

6  6S 

6  24 

6  ^6 

6  69 

5  3 
4  19 
3  32 
2  12 

4 
10 
56 
23 
18 

4 
57 
0  27 
0  J8 
15N 
39 
48 
58 
37 
47 
29 
53 
19^ 
55 
57 
13 
34 

3 

6  49 
8  6 
8  57 

7  24 
f  13 
7' 41' 

7  52 

8  3 


8  23 

8  48 

9  37 
9  28 
9  42 
9  45 

10  28 

11  22 

11  49 

12  22 
12  27 
12  35 

12  53 

13  7 
13  26 
13  30 
13  54 
16  6 


TCong^ 
D.  M. 
77  48W 
77  41 
77  30 

77  41 

78  48 
78  30 

78  53 

79  81 

80  44 

80  46 
79  49 
91  4 

81  2 
81  6 
8a  IT 

79  42 
SO  8 

80  48 
80  36 
SO  34 
80  57 
80  43 
80  32 
SO  20 

78  18 

79  48 
79  52 
79  51 

79  23 
78  52 
78  38 
78  23 
78  7 
77  3 

80  4 
77  7 
77  15 
77  15 
77  11 

77  47 

78  12 

79  22 

79  53 

80  18 

81  37 

82  30 

82  50 

83  18 


Agqalco   •   « 

ACAPULCQ 

Cape  Corientes    . 

St.  Bias 

Tres  Marias. 

St.  Joseph   . 

Cape  St  Lucas     • 

Morro  Hermosa  « 

Redondo  Island    • 

Bay  St.  Francisco 

B.  Todos  Santos  . 

Pott  Diego  . 

Point  Conception . 

Monterey    . 

Port  St.  Frantiisoo 

Cape  Mendocino  . 

Port  Trinidad 

Cape  Blanco  or  Orford 

Cape  Gregory 

Cape  Foulweather 

Cape  Rond  .        • 
,    Cape  Disappointment 
o*  Cap©  Flattery 
-  Breaker's  Point    . 

NOpTKA   . 

Woody  Point 

Bay  St  Louis 

Isles  de  Saitine(or8cQfit) 
^  Cape  Scott  . 

Cfl^e  Caution 

Cape  Hector  or 

Bay  de  la  Toucbe . 

Cape  Henry . 

Bay  4|  Clouard    . 

Point  North . 

Cape  St  BartolottO 

Cape  Ommaney    . 

PortGuibert 

Port  Neckar 


C.  Engano  or  £dgecuab|57    2 

Port  Gfludaloupe  .  "^  -"^ 

Port  de  los  Remedioa    . 

Cape  Cross  . 

Port  des  Francais . 

Cape  Fairweatber 

BeLring's  Bay 

Point  de  la  Boussole 

Mount  St.  Ellas    . 

Gape  Hinchingbroke    . 

Cape  Elizabeth    . 

Barren  Isles . 

Point  Banks         , 

Cape  Douglaas 

Cape  Whitsunday: 

Cape  Grenrille     . 

Trinity  Islands     . 

Foggy  Island 

Halibut  Head  Island 

0unala4ika  Island,  N.P. 

Bristol  R.  entrance 

Round  Island 

Cape  Newnham 

Shoalness    . 

Cape  Stephens 

Cape  Denbigh 

Caj^odjej^ 


57  10 

57  24 

67  67 

58  37 

58  55 

59  18 
69  60 

60  23 
60  15 
59  9 

59  00 
58  41 
58  56 
58  15 

57  33 
56  36 
56  10 
54  27 
53  55 

58  12 

68  29 
58  34 

60  00 

63  33 

64  17 
164  34 


TABLE  XLVL    Latitudes  and  Longitudis* 


'rince  of  Wales 
iul^?e    . 
.isburne 
AFE 


TSUT 

D.   M. 

65  45N 
67  45 

69  6 

70  89 


Lonp 
D.   M. 
168  17W 
i65  12 
166  29 
161  42 


'om  the  Rioar  St,   Crote 

to  Cape 

Cantor. 

Lat 

Long. 

M.D, 

D.M. 

€6  of  St  Croix 

r       ,        .        . 

45    7N. 

67    8W 

ae's  t  (entrance 

.  John's  River)  . 

45  IS 

66    4 

pencer 

45  17 

65  52 

gnecto  (entrance 

m  of  mines) 

45  84 

64  49 

Island       . 

45  19 

64  51 

[)]is  Royal . 

44  47 

65  50 

's  Island    . 

44  19 

66  25 

jry*8  Cape  . 

44  10 

66    8 

'ourchu 

43  52 

66    4 

les    .   '    . 

43  27 

65  55 

SABLE    . 

43  26 

65  32 

sland  £.  point    . 

44    5 

60    3 

ditto. 

44    3 

60  31 

oseway 

43  40 

65  13 

lansfield    . 

43  50 

64  52 

Br  Harbour 

44  00 

64  41 

tPOOL      . 

44    5 

64  40 

Hope 

43  63 

64  39 

icksoa 

44  13 

64  27 

tte  Bay      . 

44  34 

63  53 

ikro  lidithouae . 
?AXHaibour    . 

44  30 

63  32 

44  36  1 

.63  28 

tepheos 

45  00 

61  59 

tch  Bay     . 

45    8 

61  36 

'        •        •        • 

45  12 

61  16 

owe . 

45  13 

61     6 

CANSOR. 

45  18 

60  56 

[.     The  QvVqf  St.  Lmmen^e, 


Lat 

D.M. 

Hieto  Bay  . 

45  23N. 

'  Cansor,  S.  ent. 

45  28 

Iinchinbroke 

45  34 

'ortland     . 

45  48 

iSURGH  . 

45  ^4 

BRETON 

45  67 

7  Island    . 

46    1 

liand. 

46    9 

li  Bay        . 

46  18 

auphin       . 

46  23 

^orth  Island 

47    6 

in  Harbour 

46  42 

olf  Island. 

46  27 

o«L...       . 

45  58 

Corp  Itland 
>F  CANSOR, 

45  56 

ih  entrance 

45  42 

\U  GeoRe  or  St. 

is       .         .         . 

45  52 

Island 

45  51 

ormentine 

46    9 

Long. 
D.   M. 
61  OOW 
61  13 
60  40 
60    3 
59  56 
59  48 
59  4t 

59  48 

60  10 
60  30 
60  28 

60  58 

61  12 
61  35 
61  37 

61  27 


61  55 

62  27 

63  36 


St  John's  L(N.  Cape). 

West  Point . 

Cape  Egmont    *, 

Halifax  Bay  ^ 

East  Point  .^       .  '      . 

Bear  Cape  . 

Uilsborough  Bay . 


P.  Escimuoae      •  J47    3 

Miicou  f.  (entrance  of 

ChaleurBay)  .  .48    3 

Cape  Despair       .  .  48  27 

Island  BonaTentun  .  48  32 

Flat  Point    .        .  .  48  33 

CapeGasp^  .48  47 

Cape  Rosier        .  .  48  50 

Magdalen  Rher  .  .  49  13 

St  Ann's  Rirer    .  .49    S 

Mount  CamiUe  .  .  48  37 
LdeBikintheRlverSt 

Lawrence 


Richibucto  Haibour     . 


Tar 

D.M. 

46  44N. 

47  5 

46  37 
46  28 
46  25 
46  27 
46  3 
46  6 


Lof  Antieosta^E.P. 

—  Jupiter's  River 
S.  V  ditto  . 
West  ditto      . 

—  North  ditto     . 
Deadinan's  Island 
Entry  Island 
Amherst  IsL  S.  W.  P. 
Magdalen  Isl.  N.  E.  ] 
Biron  Idand 

Bird' Island. 

^t.  Paul's  Island . 


48  30 

49  8 
49  26 
49  22 
49  48 
49  53 
47  17 
47  15 
47  12 
47  41 
47  52 
47  55 
47  11 


D. 

63  45 

64  10 
63  51 

63  36 

61  48 

62  19 

62  55 

64  33 

64  15 

63  68 
63  SO 
63  50 
63  59 

63  54 

64  42 

66  8 

67  45 

68  94 

61  40 
63  95 

63  93 

64  16 
63  54 
61  58 
61  94 
61  44 
61  5 
61  10 
60  46 
60    4 


VII.    J^ewfmmdUauL 


(    Lat 
D.M. 
Limits  of  the  Great  Banh 

of  Newfoundland,  N. 

point       .        .  .50  15N. 

—  South  point     .  .41  00 

Outer  Bank         .  .  47  00 

CapeNonhan      .  .51  49 

Seal  Islands         .  .  51  22 

Point  Ferolle       .  .  51    5 

St.  John's  Bay     .  .  50  59 

Point  Richer        .  .50  46 

Ingomechoix  Bay  .  50  39 

Bon  Bay     .        .  .  49  36 

Cape  St.  Gregory .  .  49  29 

South  Head.        .  .49  10 

Cape  St  Geoige .  .  48  30 

Cape  Anguiile     .  .  48  00 

Cape  Kay    .        .  .  47  35 

Connor  Bay         •  .  47  3S 

Burges  Island      .  .  47  33 

Rainea  Islands    .  « 47  39 

Penguin's  Islands .  .47  24 

Fortune  Head      .  .47    9 

Burntisland        .  .47  16 

Crreat  Miquelon  .  .47    5 

Langley  Island     .  .46  50 

3t  Peter's  Island  .  16  46 


Long. 
D.M. 


49  45W 

59  00 
45  00 
56  00 

56  50 

57  11 
57  23 
57  28 

57  22 

58  5 
58  29 

58  33 

59  12 
59  18 
59  15 
58  00 
57  37 
57  2S 
57  00 

55  51 

56  00 
56  94 
56  94 
56  15 


oogk 


TABLE  XLVI.    Latitudes  and  Longitudes. 


£$ 


Long. 


Point  May  , 
Chtpeau  Rouge 
MottierRocki 
Mortier  Hajrbour . 
Red  ifland,  S.  P. 
Virgin  Rocks 
Point  Brehin 
Cape  St  Maiy 
St  Mary's  Bay 
Cane  Pine    . 
CAP£  race 
Cape  Race  Rocks 
Cape  BaUard 
Cape  Broyle 
Bay  of  Bun . 
Cape  Spear. 
St  John's  Harbour 
Cape  8t  Francis . 
P.  ofGrates . 
Trinity  Bay 
Cape  Bonavista 
Barrow  HaiiKNir . 
Punk  Island 
Cape  Freels 
Wqodham  Islands 
Gander  Bay 
Pago  Island 
Twtningate  Islands 
Bay  of  Notre  Dame 
Cape  St  John 
Horse  Islands 
White  Bay  . 
Hooping  Harbour 
Green  Island 
Groais  ditto 
Hare  Bay  entrance 
St  Anthony's  Cape 
St  Lunaire  Bay  . 
Cape  Degrat 
Bell  Isle      . 


Vm.  Fnm  QiM&ee  to  HudsotCs  Bay. 


QUEBEC   . 
Coudras  Island    . 
St  PauVs  Bay     . 
Bay  of  Rocks 
Ponht  Mille  Vache 
Manicousan  Point 
Cape  Nicholas     . 
Cape  Montpelles . 
Trinity  Coto 
The  Seven  Islands  Bay 
St  John's  River  . 
Mingan  Island     • 
Eskimaox  Islands 
Mount  Joli . 
BoatlsMjids 
St  Mary's  Islands 
Little  Mecatina  dltt9 
Great  Mecatina  Point 
St  Augnstine  Bay 
Eskimaux  B^y    . 
Qrand  Point 


Long. 

D.  M. 

71  5W| 

70  19 
70  24 
69  42 
68  38 
67  42 
67  10 
66  51 
66  48 
66  00 
63  55 
63  35 
62  56 
61  28 
60  24 
59  50 
59  27 
59  8 
58  50 
57  30 
57  18 


Forteau  Bay 
RedCliiTs    . 
Bla^kBay   . 
Red  Bay      . 
York  Point 
Cape  Charles 
Great  Bay  of 
Cape  Harison 
St  Peter's  Harbour 
Inchanted  Cape    . 
Saddle  Islands 
East  Island  ^ 
Steel  Point . 
Cardinal's  Island . 
False  Black  Head 
Black  Head 
Cape  Chidley 
Button's  Islands  . 


E8kim«ai54 


D.M. 

D.M. 

51  32N. 

57  OOW 

51  36 

56  52 

51  43 

56  47 

51  46 

56  30 

51  59 

55  58 

52  13 

55  30 

54  20 

57  36 

54  64 

56  50 

56  28 

60  50 

56  40 

60  55 

57  13 

60  50 

57  45 

61  20 

5^  7 

61  50 

58  50 

63  00 

59  20 

63  19 

59  50 

63  37 

60  14 

65  20 

160  47 

65  5 

IX.  Huda0n'$  Bag  and  StraiU, 
vit'Sfroito. 


and  Da- 


part 


Cape  Resolution  . 
Saddle  Back  Island 
Upper  Savage  Island 
North  Bluff. 
Capes  Charles 
Cape  Dorset 
Cape  Pembroke 
Cape  Walsingham 
Cape  Digges 
Salisbury  Inlands 
Mansfield  Isl.  N. 

—  S.part  . 
Cape  Southampton 
North  Sleepers 
West  Sleepers 
Portland  Point 
Baker's  Dozen 
Belcher's  N.  point 
James'  Bay 

—  Cape  Henrietta 

—  Cape  Jones 

—  Bear  Isle 
North  Cubb 

—  The  Twins 

—  Albany  Fort 
Moose  Fort 
Charlton  Island 
York  Fort    . 
C&pe  Churchill 
P.  of  Wales' Fort 
Mariile  Island 
Cape  Dobbes 
Cape  Walsingham 
Dyer's  Cape 
Sanderson's  Hope 
Cape  Bedford 
Waygate  Island 


rst" 

D.  M. 

61  29N 
68  7 

62  32 

62  34 

63  46 

64  50 
63  00 
62  39 

62  41, 

63  29 
62  38 

61  35 

62  10 

61  38 
60  8 
59  00 

58  5 
56  20 

56  la 
54  50 
54  34 
54  20 
53  12 
52  14 

51  16 

52  3 

57  2 

59  48 

58  48 

62  33 

65  00 

64  5 

65  20 

66  18 
56  6a 
7d  40 


Long. 

D.M. 

65  16W 

65  13 
70  48 
70  56 

74  15 
77  12 
82  36 

77  48 

78  50  I 
76  47 

80  33 

81  00 
86  3 

79  45 
81  36 

75  30 

79  30 

80  15 

82'-30 

78  54 

81  24 
80  48 
80  35 

82  00 
80  56 

79  55 

92  32 

93  12 

94  14 
91  6 
86  42 

66  10 
66  15 
68  10 
68  30 
44  13 


X.  OreenXand, 


MusUto  Cove 
Qotfaaahent  ofR.Bal. 


D.   M. 

64  55N 
64  la 


52  57\\ 
51  47 


1 


^AMXi  SjiVI.    tiatitudes  and  LoDgifxides. 


Lat. 

Lone.   1 

-  . 

"Tsr 

Lor?. 

D-M. 

D.S.I 

. 

D.M. 

D.  .> 

Mind  .- 

63  20N.k9  lOWl 

PORTSMOUTH 

' 

«        •        • 

62    5 

48  27 

.  Town       . 

50  47N> 

1    6^ 

arevell     . 

59  38 

4^42 

hie  of  Wight        . 

B  Island    . 

62  30 

43  15 

1— Cowes    -i      . 

50  4^ 

1  16 

tnesfl 

65    3 

29  60 

^^Bembridge  Ledge  01 

' 

oe  Island  . 

73  15 

7    5 

y        Point   . 

50  41 

1    3 

aollces  Bay 

75  00 

6  51 

fc  ■:-  t>iumo80 

50  37 

1  11 

[ayeii*8  Island    . 

71  10 

9  49 

^  :-  St  Caiharine's  Pt.  . 
^  Needle's  li^ts 
Hurst  light 
Poola  Harbour     . 

50  35 
50  40 
50  42 
50  40 

1  18 
1  34 
1  33 
1  69 

XI.    Iceland.                      \ 

Lat 

Long. 
D.  M; 

D.  M. 

$t.Aldan'i^Head. 

50  33 

2    6 

ieOban/tetf  .- 

63  ^5N. 

22  4V\\ 

Weymouth  .    v   . 

50  ^ 

2  27 

ed    •        • 

64    6 

21  54 

Portland  llg^hts    '. 

50  31 

2  27 

Suacsell    •*       . 

64  52 

23  54 

ExmouthBar 

M>28 

3  21 

ord  • 

65  36 

24  10 

Torbay,  Beny  Hert    . 

50  24 

3  28 

ness          .        . 

65  40 

24  29 

Dartmouth  . 

50  18 

3  33 

Capto 

66  34 

22  10 

Start  Point ... 

50^13 

3  38 

66  44 

19  44 

PranPs  ditto 

50  13 

3  42 

Island       !        ! 

66  57 

19  12 

Bolt  Head  .        . 

50  13 

3  48 

rd     .        .        . 

66  30 

17  35 

Eddystone  light  . 

50  11 

4  IS 

MM      •            ••           • 

66  25 

16  19 

3  Hand  Deeps 

50  13 

4  19 

sen  Island 

64  20 

14  15 

r  Ram  Head  ; 

50  19 

4  13 

nd  ditto    4 

63  56 

18  19 

^PLYMOUTH      . 

50  22 

4  10 

1 

ieeUa 

63  22 

19  54 

«3  Fovey 

50  20 

4  38 

in's  Idand 

63  20 

20  28 

S>  Deadman's  Point . 
S  Falmottib    .    '   . 
1  Manaeles  Rocks  •        « 

50  13 
50    B 

4  47 

5  3 

5    1 

! 

Xn.    SpUxbtrgm.,               |j 

50    S 

....       r 

I  Black  Head! 

50    1 

S    4 

L4il. 

r°ig' 

1  LIZARD  Point   . 

49  58 

5  11 

D.  M, 

aM. 

\  Mount's  Bay       .      -, 

50    8 

5  30 

y^ie 

7b  32N. 

13  45£. 

Penzance    .        .        . 

50  12 

5  33 

rcland      . 

78  63 

8  45 

Runnel's  Stone    . 

50    4 

542 

lam  I3I.  (Hack- 

WolfRock  .        .    '    . 

49  63 

6  56 

•  Head)    . 

79  46 

9  49 

Land'li  End 

50    9 

6  48 

nlmrg  Haibcmr . 
nHook    . 

79  44 

80  7 

9  51 
16  50 

St.  Agnes  lif^ttSdUy) 
St.  Mary's  ditto  . 

49  54 
i9  55 

6  19 
6  17 

iland         4 

76  30 

20  28- 

lA    AC 

St.  MarUn's 

[49  58 

l6  15 

1 

lyoerry  isiaiia  •  v*  vjo    ^m.-x  t%f 

XIV.  French  CoaH  from  CoimMU 

Ihkmii 

EiwliBh  Coast  from  London  to  8t, 
MwrfsL^ht(8emy,) 

Lat. 

Long. 

CALAIS     .... 

D.  M. 

50  58K. 

D.S. 

1  61E 

L.at. 

^. 

GapeGri2Nez    . 

50  59 

1  34 

D.  M. 

Ambleteuse 

50  4S 

1  36 

)N  .        . 

^1  31N. 

0    6W 

BOULOGNE       . 

50  44 

1  37 

«WICHOlHi<    i 

51  29 

0  OOE.  . 

Etaples 

50  31 

1  39 

Cll     .           .           i 

51  30 

0    4 

Montreal     . 

50  28 

1  45 

51  30 

0  19 

LaRochcDe         •        . 

50  19 

1  40 

nd  .        \       \ 

51  26 

0  22 

AbbeTille     . 

50    7 

1  50 

■1 

sr   .        t 

61  23 

0  32 

Grotoy 

50  13 

1  39 

IM     •           i 

51  27 

0  44 

StVallery.aSomme 

50  It 

I  36 

1 

land'ljsht'       ! 
^dUgkti 

51  28 
51  22 
51    8 

0  51 

1  27 
1  22 

Dienpel^ht         .        . 
St.  \  alley,  R.  Cans      . 
Fecamp       .        .  •    . 
Cape  de  Caux      . 

49  56 
49  52 
4946 

1    4 
0  41 
0  22 

« 

istle         » 

51  13 

124      , 

49  41 

0  11 

t      .       «        . 

51     8 

1  19      S 

058     1 
036      * 

Cape  de  le  Heve  . 
HAVRE  DE  GRACE . 

49  31 

0    3 

ess  .        » 

50  5S 

49  29 

0    6 

a     •       4       • 

50  53 

PARIS  Obs.         .        , 

49  60 

2  20 

t 

Head      • 

50  44 

0  15     ^ 

^  Month  of  Seine  . 

49  27 

0    3 

i 

a     ^        4       . 

50  50 

0    «W| 
0  16     1 

Harfieur 

19  30 

0  11    1 

m   •       • 

50  50 

Honfleur     •       ••      • 

4995 

0  I4_| 

4 

1^4. 

50  53 

0  35     ^ 

Caen  .       •       .       , 

49  ll 

0  21^ 

1 

jm . 

50  43 

048     1 

Bayeu 

4916 

043    1 

50  40 

oJS  t^ 

Carentan  .  .        • 

49.18 

1  16    1 

^r^r^rrl 

£> 

I 


TABLE  XLVI.    Latitudes  and  Longitudo^. 


S6] 


Tsr- 

Long. 

I.«P 

Long. 

D.   M. 

D.    M. 

D.    M. 

D.  M. 

49  30N. 

1  lOW  -^ 

54  I8N 

0  lOW 

Cape  Barfleur  Light     . 
CHHRBOURGU 

49  42 

1  16     1 

Robin  Hood's  Bay      . 

54  27 

0  20 

49  38 

1  37     ] 

n\Tiitby       .        .    •  . 

^4  31 

0  26 

Pelee  Isb^d 

4^  4D  . 

1  36     i 

]  River  Tees' M^ttth 

54  41 

1     2 

Gap«  la  Hme    ., 

49  45 

1  56  .^ 

^  Stockton     » 

54  38 

1     8 

g  Aldcrney  LN.  point     . 

49  46 

8  12     ] 

5  River  Tyne's  Mouth 
lights       .        .-      . 

S  Caskets  tights      . 
[^GoeraseyLW.  point  . 

49  46 

8  86  ;  J 

243  : 

55    6 

1  15 

49  96 

.  Coquet  Island      . 

55  22 

1  21 

"-» SarltLN.  point  .        . 

49  86 

8  23     J 

3taples  light 

55  39 

1  40 

««  Jetaey  Island 

'  Fern  light 

55  33 

1  42 

1  —  Cape  Grosness 

49  18 

3  19 

Sunderland  point 

55  36 

1  43 

^^Bt.  Aobiii       .        » 

49  13 

2  11 

Holy  Island 
BERWICK 

55  42 

1  50 

S  —  3t.  Clem^l's  point . 

49    9 

8  00 

55  47 

8    3 

1  LdeChaoaey       . 

^  Ooutancea            .        . 

48  53 

1  50 

49    3 

1  27 

St  Abb's  Head     . 

5S  57 

8    6 

Granville             .        . 

4S50 

1  36 

DUNBAR 

56  00 

8  29 

Artanches 

48  41 

1  22 

May  Isiftqd  lights 

56  11 

2  32 

Mount  it  Micliael       . 

4S  38  • 

1  33 

IheBa^    .         . 

56    6 

2  36 

Pontorson    . 

48  33 

I  32 

N.  Berwick 

56    4 

2  41 

St  Malo      ... 

48  39 

2     1 

EDINGBUR6H 

55  57 

3  lit 

Cape  Frehd  light.        . 

48  41 

2  21 

EHyness      ...       . 

56  11 

2  44 

StBrieux    . 

49  31 

2  42 

FifeNess     . 

56  17 

2  33 

Brehat.  Island 

48  sa 

2  56 

St  Andrew's 

56  21 

245 

Trcgucir      . 

48  47 

3  15 

Mouth  of  Tay      . 
BeU  Rock,  off  ditto 

66  87 

238 

Morlaiz       ^       , 

48  35 

3  53     " 

56  27 

222 

St  Pol  de  Leon    . 

48  41 

4  00     . 

Buttonness  lights 

56  28 

2  41 

LdeBaa     . 

46  46 

4    2 

RedHcad           .        . 

56  37 

884 

Roche  BUnche     . 

49    1 

3  58     f 

^  Monlroso     . 

56  44 

223 

St  Anthony's  lighU 

48  40 

489     ^ 

?TodHead    . 

56  61  • 

8  14 

USHANT,  W.  point    . 

48  29. 

5    3     ] 

I  NEW  ABERDEEN     . 
\  Newburgh           • 
:  Peter  Head 
!  Bachan  Ness.      . 
^  Ratrie  Head 

57    9 
57  80 
57  32 
57  29 
57  38 

8    8 

XV.  Fhm  the  Mrth  1 
canshayH 

^oretmidi 
ead. 

0  DvtiM 

8    3 

1  44 
1  43 

Lat 

D?*^; 

146 

D.   M. 

Kinnaird'sHead  . 

57  48 

1  56 

North  Foreland  .       . 

51  23N. 

1  87E. 

Bamff 

57  41 

8  27 

Kentish  Knock     . 

51  41 

1  40   < 

.FortStGeorge    . 

57  36 

400 

Long  Sand  Head . 

51  45 

1  38 

Inverness     . 

57  38 

4  10 

GaBopef,  N.  point 

SI  58 

2     5 

Cromatrie   . 

57  43 

3  58 

—  S.  point 

51  41 

2     1   , 

TarbetNess 

67  54 

3  44 

Shmwash,N.  point 
—  S.  point.        . 
Gabera,  outer 
Orfordoeas  .        ^ 
Aldhoio' Knaps    . 

^  Southwold  .        .        . 

1  Leostoff  Ughts     ,        . 

IVannouth    .        .  '     . 

f  Winterton  Ness  lights 

52  00 

1  36 

Clythness    . 

58  20 

3    8 

51  53 

1  33 

Noss  Head  . 

68  89 

3  .6 

51  58 

169 

Doncansbay  Head 

58  40 

3     8 

58    5 
58    7 
52  80 

1  36 
1  40 
1  39 

KYI.  The  Orkney  IsUmds. 

Lat 

Long. 

58  29 

1  46 

D.  M. 

D.  M. 

52  37 

1  44 

Penttand  Skerries 

58  43N 

3    3VS 

52  43 

1  43 

Stromo 

68  43 

;3  14 

2,  Smith's  Knowl     . 

52  64 

2  20 

South  Rotialdsha,  S.  P. 

58  44 

3     5 

I-N.P.      .       !    '   * 

;:>  Sheningham  Shoala     . 

58  51 

1  48 

Copinsha    .       . 

58  54 

2  47 

53    8 

1  35 

Lam's  Head  on  Stromsa 

53    3 

1  20 

Island 

89    4 

840 

^HasboroughlighU 
§  Cromer  l%hts       . 

52  49 

I  34      ^ 
1  86     ] 
1  58     i 

;NorthRonaldsha,N.P. 

59  83 

8  31 

58  56 

Monid  Head,  on  Papa 

Umon  and  Ower,  N.  P. 

53  14 

Westra  Ishiad 

69  81 

3    8 

-.S.P.       .        .        . 

53    8 

8  00     ^ 

^Notip  Head,  on  Westra 

Cromer  Bank 

53  11 

1  36      1 
1  14     ^ 

69  18 

3  14 

53  15 

Marwick  Head,  on  Pol 

Outer  Dowsing    . 

53  33 

mona  Island     . 

59    6 

388 

Inner  Dowsing    . 

«3  15 

0  44 

Btromness   . 

68  57 

386 

Lynn  Knock 

53    3 

089 

Hoy   Head,  on  Hoy 
Welblslaiid     .       . 

Spurn  lights 

53  38 

080 

68  65 

3  31  i 

»amboreughHead 

54    9 

0    6 

Sine  Skeiry 

Fair  Isla&diyiuzt!u  u^       , 

59    S 

4  16 

pneyBifg         .     . 

54  15 

0  m 

69  89 

1  47. 

TABLE  XhVh    Latitudes  and  Longitudes. 


D.  M. 

54  47N 
54  54 


XVII.     Tke  SheOand  Idmdt . 


Sunbro  Head,  S.  point 

Rose  or  Hangclio 

Brasffft  Sound,  Lenvid 

Out  Skerriet 

Whalsey  Isle 

Ulst  Island,  N.E.  P. 

FoulIsUnd 


LtL  1 

D.  M. 

59  49N. 

60  13 

60  11 

60  37 

60  32 

61  7 

|dO  8 

Long. 
D.  M. 
1  80\'V 

0  40 

1  00 
0  8 
0  33 
0  15 

2  16 


XVIII.     FerroltUa^* 


The  Monk  Rock  appears 
like  a  ship  under  sail 

Fucloel.  (N.  £.  part  of 
Ferro)  ... 

East  point  of  Mygenes 
Island,  N.  W.  part  of 
Ferro  islands    . 


Lat 
D.  M. 

61  r5N. 

62  15 


Long 
D.   M 

6  47W 

6  2 

7  32 


XIX. 


From  Duncvn^nt^  H^ad  to  (^ 
LantPa  End. 


Lat 
D.  M. 

Doneansbay  Head        .  56  40N 
DnnnetHead  .58  43 

Farout  Head  .  .  58  38 
Cape  Wrath,  or  Barre 

Head  .  .  .  58  36 
A  Rock  seen  at  |  Ebb  .  58  45 
Rona  Island  .  .  53  55 
Roekal  .  .  .  57  42 
St.  Kiida  .  .  .  57  51 
Butt  of  the  Lewis  .  58  29 
Gallon  Head  .  .  58  10 
Flannen  Islands  .  '58  13 
Hyskere  Island  .  .  57  23 
South  UUt  Island  .57  8 
Mingalay  Island  .  ' .  56  ^ 
ReaHead  .  .  .57  50 
Cana  Islands  .  .  57  3 
Helsker  Island  .  .  56  5$ 
Rum  L  W.  P.  .  .56  59 
Tirey  Island,  S.  P.  .  56  30 
Colli.  North  P.  .  .56  42 
Skerryvore  .  *56  17 

lUa^sland,  S.  IV.  P.  .  55  47 
—  South  P.  •  .  55  39 
Mull    of  Cantire  light 

house  f  •  .  55  20 
I.  ofArran,  S.  £.  part  55  31 
Cumray  I.  .entrance  of 

Clyde  .  .  .55  47 
GLASGOW  .  .55  52 
Elsa  Island  .  4  .55  20 
Irwin  .        .    .     .55  39 

Air  Light  •  .  .  55  26 
Loch  Ryan  •        .55    3 

Port  Patrick  Light  .54  48 
Mull  of  Galloway  .54  37 
Great  Scar  Island  .  54  40 
Burrow  Head      .         .  54  41. 


Long. 
D.  M. 

3    8VV 
329 
5  00 

5  20 

5  21 

6  15 
14    6 

8-56 
634 


Solway  Filth 
CABLI8LE 


6  44 
6  38 
6  33 
6  26 
662 

6  2d 

7  2 
6  24 
6  10 

6  37 
4  07 

4  48 
4  16 
4  65 
4  30 
4  28 
6  00 
4  68 
4  46 
4  36 
4  16 


St.  Bee's  Head  Light   .  54  30 

White  Haten  .  &4  38 

SelkerRock         .  ,54  16 

Lancaster    .  .54    2 

Pormby  Point  .  53  32 

LIVERPOOL      .  .  53  22 

Point  of  Air  Light  .  53  20 

GrejaQrms  Head  .53  20 

Point  Unas  Light  .  53  24 

Skerries  Light  .  53  24 

Hothead,  W.  P.  .53  18 

Branchy  Pool  Head  .  52  47 

Bardsey  tshind     .  .52  44 

Barmouth    .        .  .  52  43 

Aberuwith  .        .  .52  23 

Cardigan  Haihoor  .52    6 

Strumble  Head    .  ,52    1 

St.  David's  Head  .  .61  56 

Ramsay  Island  .  61  52 

SnAD's  lighthouse  .  61  46 
St.  Ann's  dittd,  MUford 

HaT^n     .        .  .  61  41 

St  Gowan's  Head  .61  38 

Caldy  Island        .  .61  40 

Wonn's  Head  .  61  ^ 
Mumble'?  Point  &  light  51  34 

Nash  Point           .  .51  26 

BRISTOL  .        .  .  61  27 

Flathobn  light  .  .61  23 
Lnndy  Island,  entrance 

of  Bristol  Channel  .61  10^ 

Mort  P.    entrance  of 

Bristol  Channel  .61  11 

HarUand  Point    .  .61    I 

Padstow               .  .  60  35 

Cow  and  Calf     .  .  50  33 

Towan  Head  .  60  25 

St.  Iv^'sBagr       .  .60  13 

CapeColmwall     .  .60    8 

The  Seven  Stones  .  60    9 

the  Wolf  Rock    .  .49  63 

The  Land's  End  .  .  60    4 


XX.    Jrdmi. 


CAPE  CLEAR 
Fastnet  Rock 
Crook  Haven 
Micen  Head 
Sheep^s  Head 
Bantry  Bay 
Grela^h  Rocks 
Outsey  I  W.  P. 
Bull  Rock    . 
Cow  ditto    . 
Cod's  Head 
Kenmare  Bay 
Lamb's  Head 
Hog  Islands 
H(^s  Head 
Boms  Head 


Long. 
D.  M. 

3  26W| 
2  44 


3  30 
3  22 
3  19 
2  41 
2  68 

2  52 

3  11 

3  43 

4  11 
4  30 
4  32 
4  37 
^33 
3  52 

3  5S 

4  38 

5  10 

5  20 
622 

6  36 

6  10 
458 
440 
4  17 
3  67 
333 
235 

3  6 

438 

412 

4  30 

4  54 

6  5 
6  9 
528 

5  41 

6  6 

5  51 
5  42 


Lat. 

D.  M. 

•      « 

61  22N. 

.    • 

51  19 

,     , 

61  26 

,      , 

51  25 

,     , 

51  33 

.      . 

61  36 

61  31 

^      , 

61  37 

.      . 

61  38 

51  37 

61  '42 

.     • 

51  44 

51  47 

,     , 

51  48 

51  50 

151  52 

Lon^ 
D.  Id 
37\V 
44 
52 
2 
5 


10  10 
10  30 
10  36 
10  42 
10  39 
10  27 
10  30 
10  28 
10  38 
10  36 
JO  44 


TABLE  XLTI.    Latitudes  and  Longitudes. 


£6j 


" 

D.M. 

^^ 

" 

D.  M. 

D.  Ia. 

Sfcottin^sltoehft.       . 

51  68N. 

11  OOW 

1 

St.  Patrick's  Island     . 

53  3iSN. 

6    2W 

51  63 

10  63 

Lambay  Island     .        . 

53  29 

5  59 

Bnj  Head  . 

51  58 

10  50 

HowUi  Head  Ught 

63  29 

6    9 

Dingle  Bay.        . 

5S    5. 

10  60 

"fe» 

DUBLIN    . 

53  29 

6  17 

■^ 

Foze  Ro^  . 

59    6 

11     6 

o 

WICKLOW  lights 

59  59 

6    1 

1 

Ferrifei*«lfli]id  . 

59    8 

11     1 

ci 

Arklow        .        .        . 

59  49 

6    6 

Tinght  Roeks 

53  10 

11     4 

^ 

Glasscarrick 

59  36 

6  11 

^ 

Gf«&t  Blasket      i 
Ennia  Tiucan     . 

58  11 

10  59 

v 

59  14 

U  00 

WEXFORD 

59.91 

628 

I 

Dunmore  Head    • 

59  19 

10  53 

Tusker  Rock 

59  19 

6    8 

^ 

Dunorling  Head  . 
BrandonJIead     . 

59  19 

10  49 

Camsore  Point    . 

59  11 

6  19 

? 

59  9a 

10  36 

The  Saltees  Rocks 

59    6 

636 

*> 

^ 

The  Seven  Hogs  Bodes 

59  96 

10  31 

Hook  light,  Waterford 

Kerry  Head,  0.  entrano^ 

harbour   . 

59    5 

6  56 

of  Shannon  River'  . 

59  30 

10  94: 

u 

Dungarren . 

59    3 

7  36 

Loop  Head,  N.  entrance 

i 

HelwickHead     .       . 

59  00 

7  31 

ditto        .        . 

59  37 

10  23 

g 

Youghail     . 
CORK  HarixHir  . 

51  55 

7  49 

LIMERICK.       « 

59  49 

9  19 

1 

51  47 

8  11 

Claie  .        .        .        . 

59  51 

9  39 

Kingsale  Harbour 

51  38 

829 

Hag's  Head 

5J'5 

9  43 

Old  Head  of  Kingaale 

North  Arran  or  KiHaney 

53  18 

10    4 

s 

lights       .        .        . 

51  35 

9  30 

GalwajBay 

53  17 

9  49 

1 

Seven  Heads 

51  34 

8  40 

Slime  Head 

53  35 

10  39 

Dunde^yHead    . 

51  32 

8  56 

Ennu  Shark  L     . 

53  46 

10  36 

The  Stag!,  offToe  head 
BALTIMORE  harbour 

51  97 

9  16 

Ennis  Turk  L      . 

59  59 

10  91 

51  97 

9  26 

Clare  Island 

53  58 

10  14 

Achit  Head 

54    7 

10  30 

XXL    TkeUU 

qfMmu 

Black  Rock 
UrrisHead 

54  13 

54  98 

10  36 
10  18 

• 

Lat 

4  42W 

D.   M. 

54    9N. 

Broad  Haren 

54  96 

10  19 

CalfofMan        .        . 

Tuns  Rocks,  off  Broad 

i 

Douglass     . 

54    9 

4  24 

Haven     . 

64  31 

10    4 

Ramsey  Bay 

54  19 

4  16 

Down  Patrick  Head     . 

54  97 

936 

Point  of  Air 

54  95 

4  18 

KiUala                .       . 

5-1  19 

9  97 

"5* 

PeelHiU     .        .        . 

54  19 

4  37 

1 

SUgoBaj    .        .        . 
Ennis  Alurray  blaod   . 

54  94 

8  58 

•"^ 

Castletown  . 

54    3 

4  35 

54  39 

8  57 

Donn^  Bay      . 

TiUenHead 

Arranmore 

54  38 
54*49 
65    9 

8  50 
8  59 
8  38 

XXIL    PnmCdd 

^tothtt 

Umo. 

J 

Ut. 

Long. 

1 

Bloody  Foreland  . 

55  10 

8  16 

D.  M. 

D,M. 

Tory  Island 

$5  17 

8  16 

CALAIS     . 

50  68N 

1  51E. 

^ 

Hoar  Head. 

65  14 

7  57 

^ 

Gravelines  . 
DUNKIRK 

50  59 

2    8 

"g 

Mulroy 

55  17 

7  48 

i 

51     9 

2  22 

1^ 

Loch  Swilley 

55  18 

7  33 

«i 

Nicuport     . 
OSTEND  . 

51     8 

9  45 

Mallin  Head 

56  94 

7  94 

•^ 

51  14 

9  55 

Ennistrahul  Rocks  U^ 

55  98 

7  14 

^ 

Shiys  .        .        .        . 

51  19 

3  93 

Inishone  Head^entrance 

ANTWERP 

51  13 

4  24 

of  Londonderry 

55  16 

•6  54 

Walcheren  I.  W.  P.     . 

51  39 

323 

LONDONDERRY 

65  00 

7  15 

—  Flushing 

51  97 

3  35 

Giant's  Causeway 

55  I6 

6  26 

-Middlebui^  . 

51  30 

S  37 

Racklin  I.  W.  point     . 

5S90 

6  16 

Goeree  Island 

51  46 

3  52 

Fair  Head   .        . 

55  15 

6    6 

Schowen  Island  light  . 

51  39 

3  40 

Torr  Point . 

55  14 

6    1 

1 

North  Gait . 
Holland's  Hook  . 

51  55 
51  56 

3  59 

4  00 

^ 

The  Maid's  Rocks 

54  57 

5  39 

^ 

The  Hague . 

69    4 

4  16 

1 

Black  Head 

54  45 

5  38 

S 

Leyden 

59    9 

4  26 

g 

Carrickfergos 
BELFAST . 
Belfast  Loch        . 

54  43 

5  46 

Haerlem     .       .       . 

59  99 

4  36 

54  35 

5  57 

ROTTERDAM   .        . 

51  64 

4  28 

O' 

54  43 

5  35 

AMSTERDAM  . 

59  99 

4i61 

1 

Mew  Island  lights 

54  41 

5  24 

Alkmaer     . 
Teiel,3.poinl     . 

59  39 

4  38 

South  Rock  Ught. 

54  21 

5  94 

53    9 

4  33 

3 

Dundrum    . 

54  13 

5  51 

»> 

Harlingen,  . 

53  10 

5  20 

Cariingford  Lock 

54  00 

6    4 

1 

Gottingen,  Oba.  . 
EMBDEN  .        .        . 

51  39 

9  53 

Dundaik      .        .        . 

53  59 

6  20 

1 

53  90- 

7  10 

8  49^ 

^ 

DrjDgheda  Bar      , 

53  45      6  14    1 

6 

BREMEN  .        .        . 

53    5 

TABLB  XLVl.    Latitudes  uid  ];k>iigitudei. 


Too? 

D.N. 

idoOE. 

li  13^ 


«merlebe 
AMBURGH     . 
ade  .        •        • 
ukstadt    . 
ucharen    . 
eirork 

be  River,  entrance 
}Riiingen  . 
olmen  '    .    ^    • 
sbtnout     •  '    . 
:AvV  tight 


D.  M. 

53  32N. 

53  33 

53  36 

53  48 

53  S% 

53  55 

54  00 

54  19 

57  8 

57  S5 

57  43 

Long. 
D.  M. 

8  32E. 

9  56 
9  88 

9  28 
846 
8  38 

8  20 

9  5 
S  34 
9  34 

10  37 


XXin.     CattagtU  and  Smmd. 


DAW  LIGHT 
ladstnind  . 
Bbye         • 
!aJi8  •        • 
renaa 
ars    .         • 
Icswick      . 
he  NAZE 
iuifltiaafland 
rendad 

rederickavem 
erder  light 
HRISTIAN4 
redericlstadt 
tronstadt  • 
alo  Beacon 
alemosters 
(an  trand  lu^ht 
OTHENBUROU 
/inga  Beacon 
islaine 

iddingen  Ughta . 
^arbei|p      • 
alkenburg . 
iaimstaat  . 


Tadero  L  3.  end 
ngalBohn  ; 
oil  light  . 
telMnMpg* 
and^cone 
lalmo 
aUterbo  light 

iofa 
OPENHAGSN 
LSINEUR 
ronenbuig  light 
fakke  Head  Ugfati 
fykofring    • 
allunbiiTj:  •       • 
orsarli^tf 
iTordinghttifh     • 


[uen  L  Uranlbeig 
mag  L  Drago    • 
laselo  Island      • 
nholt  light 
ittle  Middle  Ground 
■ftWHi  1.  E.  end  . 


LaL 

dTm. 

57  43N 
57  26 
57  20 

57  00 
56  26 

56  9 

54  32 

58  1 
58  9 
58  26 

58  69 

59  1 
59  ^ 
59  12 
53  66 
58  21 

57  55 
57  53 
57  42 
57  38 
57  30 
57  18 
57  6 
56  65 
56  40 
56  32 
56  96 
56  14 
56  18 
56  2 
56  52 

55  36 
55  22 

55  28 

65  41 

56  2 
56  3 
56  7 
5C^65 
d»4l 
56  20 
65  1 

55  65 

55  35 

56  12 
56  44 
56  67 

157  19 


Long. 

IXM. 
10  37E. 
10  32 
10  31 
10  19 
10  53 
10  19 

9  33 

7  14 

8  12 
8  57 

10  12 
10  38 

10  52 

11  2 
U  12 
11  14 
li  27 
11  37 
11  67 
11  38 
11  44 

11  65 

12  16 
12  30 

12  66 

13  00 
12  35 
12  62 
12  28 
12  42 

12  50 

13  1 
12  49 

12  12 
12  34 
12  37 
12  37 
12  22 
11  40 
U  6 

11  9 

12  00 

12  43 
12  38 
11  44 
II  36 
11  69 

ii   8 


Lesson  I.  W.  end 
Trindelen  Rock    . 


Lat 
D.  M. 
57  16N 
67  28 


XXIV.    TksBdftk. 


Funen,  Odensee 
•—  Nyborg  . 
Latigeland  Rudkoping 
ArcoEic^   . 
Alsen*  Sonderborg 
Laalaad,  J<iaskou 

—  Nysted   .     .  .     . 
Fals^  NvkAptng 

—  StubbekiopiDg 
Moen,  Stxa;e 
Permeren,  Botge 
Tralkl>oig  •        • 
Ciiijihiishaipn    ,   • 
AhuB      '     •        » 
CABLSCROON  . 
TonunPqint 
Galmar        • . 
Westerwyck 
Sodeitoping 
Nyfcoping   « 
Troea 

LandfordVfl^      . 
STOCKHOLM   . 
Kiel    .        *       . 
LUBECK   . 
Wismar 
iUNitock       • 
Dars  Head  • 
GeUlen  l^t 
Stridsund    . 
Grieswakl    • 
Usedom    ^  •       • 
WoUip        *       . 
Stettin 
Canuttin      • 
Colberg       , 
Ramwttle  . 
Stolepe!nuuida 
Heel  light   ,       . 
DANTZIG 
Paiaa  . 

K0NIG8BERG  . 
Bnuter  Ort  Ughts 
Memel 

Libau.  « 
Windan  • 
(.yserort 

DomdnesB  lights  • 
Bono  Island  Ikht 
RIGA         •       . 
t*ematt        • 
Pago,  Simpemesa 
^  Dagerort  Ught 
Osel,  Palmer  Ort 
-*  Bond's  Ort     . 
^  Swasre  Ort  light 
•^  Aitasbnigli 
GatddD  Saado 


Lat. 
D.  M. 
.S6  25N 
.56  21 
.54  66 
.54  54 
.64  56 
.64  51 
.54  42 
.54  47 
.64  64 
.66  00 
.64  28 
.66  22 
.56  36 
.66  66 
.66  8 
.66  6 
.56  40 
.67  44 
.68  30 
.68  46 
.66  64 
.58  44 
.59  21 
.64  21 
.63  52 
.53  62 
.64  3 
.64  28 
.64  28 
.54  18 
.54  4 
.53  63 
.63  48 
.53  23 
.53  66 
.54  7 
.54  28 
.54  30 
.54  37 
.64  22 
.54  34 
.64  40 
•  64  62 
.55  42 
.56  32 
.57  26 
.57  36 
.67  46 
.57  48 
.66  56 
.58  21 
.59  6 
.68  66 
.56  39 
.58  32 
.67  56 
.58  16 
.96  18 
.kt  56 


D. 
10  24B. 
10  50 
10  48 

10  28 
9  62 

11  15 
11  48 

11  64 

12  $ 

12  19 
11  17 

13  11 

14  18 

14  14 
16  34 

15  56 

16  20 
16  41 

16  20 

17  3 
17  33 

17  56 

18  4 
10  10 

10  49 

11  40 

12  17 

12  36 

13  12 
13  13 

13  30 

14  6 
14  44 
14  32 

14  63 

15  a 

16  26 
16  50 
18  46 

18  37 

19  54 

20  29 

19  64 

21  3 

20  68 

21  84 

21  34 

22  88 

23  6 
83  67 

24  i^ 
22  S2 
22  9 
22  28 
2150 
22  3 
22 
19 
19 


4 


TABLB  XLVI.   lAtttudes  and  Longitudfis. 


f^ 


Tat" 
.   M. 


Long. 
D.   M. 

5  26E. 
5  45 
5  00 
5  IS 
5  19 
3  41 
7  30 

10  22 

11  25 
26  00 
31  6 
33  24 
35  55 

37  30 

39  21 

38  49 

37  20 
35  46 

38  59 
3S  10 

40  28 

40  35 

41  28 
62  2 
70  00 


•I 


Gotland,  N.  £.  end 

—  WISBY 

—  Hobarg  . 
Great  Carlso 
Oland,  N.  end 

—  B6iighoim8Slott 

—  S.  end  light 
Eartholms  . 
Bornholm,  N.  W.  end 

—  Jifht  , 
H^Ie  . 
S.  £  end 
SvanUce  . 

Rugen,  N.  end 

—  BERGEN 
•S.    £.   end  New 
Deep 


I 


M 

51 N. 

39 

57 

19 

22 

52 

12 

19 

18 

10 
58 
8 
40 
26 


D. 

19 


154  16     13  52 


Long. 


2E. 
18  20 
18  12 
18  00 
17  7 
16  37 
16  26 
15  16 

14  49 

14  47 

15  14 
15  16 
13  30 
13  32 


XXV.     GuV'  «/  FMm4  <md  BvthiiM. 


OdeAflholm  light  . 
Great  R<^e  light . 
Surap  Head  light 
NargMi  I.  N.  point 
BEVEL       .        . 
Kokskar  light  ^  . 
Chalk  Ground 
Stone  Skar  . 
Littla  Titter*  leland 
Great  Titters  Island 
Lavanacar,  N.  end 
Soascar  light 
Narva 
Dolgenofl 
Toibecon  light 
CRONSTADT    . 
PETERSBURG  . 
iStynUdden 
WibuK 
Fredencksham 
Aspo   . 

Hogland  Island  lights 
Orrengnind's  Beacon 
Lorisa 

Borgo  ; 

Helsinfors   . 
Hango  Beacon 


Ut 
D.  M. 

59  19N 
59  25 
59  23 
59  36 
59  26 
59  40 
59  41 
59  46 
59  47 
59  50 
59  59 
59  59 
59  20 

59  53 

60  00 
59  58 

59  56 

60  8 
60  39 
60  30 
60  14 
60  3 
60  14 
kO  25 
60  21 
60  10 
59  45 


^ng. 

a  M. 

.  23  18E. 
24    3 
24  23 
24  34 

24  J8 

25  6 

26  15 

26  30 

27  3 
27  20 

27  57 

28  28 

28  24 

29  6 
29  39 
29  63 
V)  19 
29  10 

25  54 
27  25 
27  22 
27    7 

26  39 
26  28 
25  50 
25  7 
H  57 


g>  Great  WyUngsoe  lig^ 

^      house       .        .  .  .99    4N. 

SUvanger    .        .  .  58  59 
Bommel  Island,  S.  end  59  32 

BERGEN   .        .  .60  24 

Askwold  .  61  22 

Ronde  light  .  62  23 

Christian  Sound  .  .  63  11 

Drontheim  .        .  .  63  26 

L.  Wcrro  Island  .  67  42 

I  NORTH  CAPE  .  ,71  10 

WardhuusUland.  .70^22 

River  Kola.  .6915 

Na^el  Island        .  .68  23 

Catie  Sweetnose  .  .  67  58 

Cape  Oriogenose  .  67  00 

Cross  Island         .  .  66  l9 

Onega  .        .  .  63  36 

CapeDonega        •         64  4S 

ARCHANGEL    .  .  64  34 

Bluenose  .  .65  21 

Cape  Good  Fortune  .  66  24 

Morshora  Island  .  .  66  40 

Cape  Candinose  .  .  68  23 

Welgate's  StraiU  .  .  70  50 

Nova  Zcmbia  .  78  00 


XXn.     Gulf  6j  Bothnia. 


Uto  light 
Abo 
VVasa. 
TORNEA 


Lat. 
D.   M. 

59  47N 

60  27 
63  13 
65  51 


Long. 
D.  M. 

21  25E 

22  15 
21  65 
24    9 


XXVII.    l^Vvfft  the  J^tae  to  Arthangtl. 


trhe 


NAZE 

Lister  Land 
Judder,orWafliert'a 


Hd^ 


Lat 
D.   M. 

56    IN, 
58  10 

2i. 


ID.  M. 
7  14E. 

6sa 

540 


XXVIII.      From  UthmU  to  GibraUv. 


TTf 


U8HANT  , 

BREST       . 

S^int  Maf tfaew's  l^t 

Point  Raz    . 

Saints  Rocks 

Point  L'Abbe 

Quimper 

Isles  de  Glenan   . 

Qttimperlaj 

L'ORIENT 

Port  Louis  . 

ble  de  Groat 

^uiberon,  S.  point 

Belle  Isle,  N.  end 

—  S.  end    . 

Vannes 

Houat  Isle  . 

Dumet  Isle  . 

NANTES    . 

Croisic 

St.  Gildas  point  . 

Noirmoustler  I.  S.  W. 

Diea  Isle 

St  Gillies    . 

Roche  Boifefc 

ReelsleLighl 

ROCHBLLE       . 

ROCHEFORT    . 

Okion  Isle  Un^t  . 

lalaodAiz   . 

CORDOVAN  Uritt  H. 

Medoe 

BORDEAUX 

Cape  Feret  • 

BAYQgfME  ■-   . 


Lat 
D.   M 

.48  29N. 
.48  28 
48  19 
.48  1 
.48  4 
.47  49 
.47  58 
.47  44 
.47  52 
.47  45 
.47  43 
.47  36 
.47  26-- 
.47  23 

.47  ny, 

.47  39^^ 
.47  24 
.47  22 
.47  IS 
.47  16 
.47  10 

47  00 
•46  4ft 
.46  40 
.46  15 
.46  15 
.46  9 
.45  56 
.46  3 
.46    1 

45  35 
.45  6 
.44  50 
.44  43 
'43  29 


5    3\V 

4  29 
4  47 

4  47 

5  5 
4  12 
4  8 
4  00 
3  34 

6  21 
3  tl 
3  28 
3  4 
^  lis  I 

2  46 
2.56 
2  36 

1  33 
9  31 

2  16 
.  2  15 

2  27 

1  51 

2  24 
1  34 
1  9 
a58 
1  24 
1  10 
1  10 
045 
034 
1  14 
1  29 


Ti^ 


166 


TABLE  XhVL    Latitudes  and  LongUtida. 


Tsr 

TST 

TStT 

T3F 

D.   M. 

D.   M. 

D.  M. 

dTm! 

StJohndeLiu   . 

43  23N. 

1  38VI 

BajrofBoiei 

I2  16N. 

3    7£ 

StSebasdaa 

43  21 

1  57 

CtpedeGicux   . 

42  20 

3  17 

CapeMaehicM    . 
BILBOA     . 

43  S6 

2  40 

^'^.    : 

42  42 

S  64 

43  15 

2  44  ' 

49  19 

328 

SAINT  ANDERO 

43  28 

3  40 

Fort  Brecon 

43  16 

329 

i 
1 

Saint  Vincent      . 

43  30 

4  16 

Ceite  light 
Nariionne  . 

43  24 

342 

Villa  Vieiosa 

43  28 

5  18   * 

1 

43  11 

300 

Cape  Penas 
Cape  Burola 

43  48 
43  42 

5  46 
7  17 

Montpeiler 
MARSEILLES  . 

43  37 

43  18 

3  62 
6  29 

Cape  Vanas 

43  47 

7  35 

V 

Ciotta 

43  10 

636 

Cape  Ortegal 

43  47 

748 

TOtJLON 

43    7 

6  65 

1 

Cape  Prior  . 
FERROL    . 

43  34 

8  14 

1 

CapeTaillar             ,    . 

43    7 

644 

43  30 

8    6 

St  Tropes 

43  16 

640 

CORUNNA 

43  23 

820 

Frejiis        . 

43  26 

644 

Cape  Belem 

43  10 

9  10 

' 

Cape  Roux 

13  22 

700 

Cape  Turiana     . 

43    3 

9  17 

Antibes      . 

43  36 

7    7 

CapeFinbtere     . 

42  54 

9  17 

St  Margvwite  Uuid 

43  31 

7    3 

VigoBay     .        .       . 

42  14 

8  37 

Cape  de  Oropea 

43  28 

7  10 

Cape  Faaalb 

41  69 

8  45 

Niw          .         .        . 

43  4 

7  17 

OPORTO    .        . 

41  11 

8  39 

Villa  Franca 

43  46 

720 

Aferioe 

40  39 

8  41 

Cape  MelUi 

43  56 

8    8 

Coimbre      • 

40  14 

8  24 

Savona 

44  17 

890 

Cape  Mondego    , 

40  12 

8  54 

GENOA    . 

44  26 

856 

Cape  Fiseraon     . 

39  24 

9  18 

Rapallo      .        .        . 

44  23 

9  16 

The  Burling! 

39  25 

9  31 

Point  Venere 

44    3 

945 

TbeRockofLifbon     . 

38  46 

9  29 

LEGHORN 

43  33 

10  22 

LISBON     .        . 

38  42 

9    9 

Maloria      . 

43  33 

10  17 

Cape  Epichel       .        , 

38  25 

9  14 

Cape  M.  Nero    . 

43  26 

10  20 

StUbes 

38  32 

8  50 

J 

Vada 

43  20 

10  41 

Sinee  .... 

37  50 

854 

Piombino  . 

42  56 

10  35 

i 

Cape  St  Vincent 

37    3 

9    2 

Point  Hcrcole    . 

42  23 

11  10 

Lagoa         .       .        . 

37    8 

839 

Civitavecchia    . 

42    6  a 

11  46 

Cape  CarboMra  . 

37    7 

8  19 

1 

ROME 

41  64 

f2  28 

CapeStMaiy    . 
Pokt  AreniUa     . 

36  57 

7  62' 

Cape  Dasia 

4126 

12  40 

1 

37    8 

6  50 

1 

CcrceUo  Point    . 

41    9 

13  00 

SuLucar     . 

36  46 

620 

Gaeta 

41  15 

13  30 

5 

SEVILLE  . 

36  59 

5  58 

NAPLES 

40  51 

1411 

1 

CADIZ       . 

36  32 

6  18 

Salerno      . 

40  42 

14  46 

CapeTrafldcar    . 
Tarifiilaland 

36  10 
36    1 

6  00 
5  35 

Cape  Lieoea 
PolicastrD 

40  18 
40    7 

14  57 
16  43 

P.  Camero  . 

36    5 

5  23 

St  Eufemia 

39  00 

16  « 

AlgeBim     . 
GIBRALTAR     . 

36    7 

624 

f 

Cape  Batican 

58  47 

16  25 

36    6 

5  20 

Cape  Grose 

38  20 

16  10 

Cape  Lame 
S.  Point  of  Italy 

37  56 
37  53 

1615 

XXDL     TheJ^ortkCiH 

utqfthe, 
Waiiiorio 

MedUer^ 

■*• 

nmeon  Sm,  fironi  Gii 

1 

Cape  Spartarento 

37  57 

16  22 

HmpU. 

1 

Cape  Stmo 
Catanzaro 
CapeRizuta 

38  26 

39  I 

38  64 

16  65 

16  65 

17  31 

Lat 

Long. 
D.   M. 

D.    M. 

Cape  Callone  light 

39    4 

17  36 

GIBRALTAR    . 

36    6N. 

5  SOW 

Tarento     . 

40  28 

17  35 

MALAGA 

36  43 

424 

Galipoli     . 

40  00 

18  20 

Modril 
Almeria     . 

36  45 
36  51 

3  33 
2  31 

Cape  St  Manr,  the  en- 
trance to  the  Gulf  ol 

•g 

CapedeGatt 
Poht  GaDa 

36  44 

2  13 

Venice 

39  60 

18  60 

1 

36  47 

200 

Otranto 

40  19 

18  65 

CARTHAGENA 

67  36 

1    1 

Brindiii      .         .        . 

40  38 

18  12 

'i' 

Cape  PaUof 
ALICA^T 

37  37 

0  41 

Bari 

41    9 

17  00 

1 

38  18 

029 

Manlredonia 

41  40 

16   6 

Cape  St  Martin 

38  47 

0  lOE. 

Ortona 

42  20 

14  30 

VALENCU       . 

39  26 

0  20VV 

Ancona 

43  38 

13  30 

CapeOvopeM>     . 

40    6 

0    8E. 

Ramino     . 

44    4 

12  33 

(iiver  Ebro 

40  42 

027 

VENICE  . 

46  26 

12  21 

Bj|^Sl!oNA   ! 

41    9 
41  22 

41  53 

1  19 
2l2^ 
3    9 

TRIESTE          .      .- 

RovkmO      •  Digitizsd  by  *  , 

46  46 
46    9 

46  30 

13  47 

13  48 

14  16 

TABLE  XLVI.    Latitudes  and  Longitudes. 

1 

1 

-nr- 

Long. 
D.   M. 

) 

Lat    1  Lonj 

L 

D.    M. 

D.    M. 

D.   N 

«t|M         •          • 

45  14N. 

14  58E. 

CapeFewat 

36    9N. 

0  IC 

f 

reflcerft      •        •        » 

44  45 

15  40 

Cape  Tennia 

36  38 

1  16 

c 

Zan 

44  17 

16  35 

ALGIERS 

36  49 

8  12 

•^ 

Cape  Seato 

4S48 

16  10 

Cape  Matifor 

36  55 

8  42 

Roaaro 

*^    ? 

17  10 

Cape  Bcringu     . 

36  53 

3  3( 

Ragiiaa      • 

i%46 

IS  11 

Cape  Tenels 

36  59 

4  IC 

Catero 

48  83 

19  89 

Cape  Bugaroni   . 

36  50 

5  4: 

Daraio      . 

41  30 

90  00 

1 

Cape  Ferro 

36  59 

6  5^ 

CapePatti 

41  90 

19  46 

Boha         .        .        . 

36  38 

7  3( 

UValona 

40  45 

90  16 

Tal»arca 

36  48 

8  5« 

Cape  Unguette  . 

40  39 

19  55 

CapeSerra 

37  10 

9  8^ 

Butrinto    . 

39  47 

90  33 

©* 

Cape  Blanco 

37  80 

9  55 

CapeStNicholaa 

39  94 

90  36. 

1 

TUNIS      . 

36  38 

10  Z4 

Lcpanto     . 

38  16 

99    4 

Cape  Bon  . 

37    5 

11     S 

Coroo 

36  40 

91  50 

Snsa          . 

35  45 

10  5( 

CapeMatapoB    . 

36  SS 

99  30 

Cape  Paul 

35  14 

11   U 

36  97 

93  19 

CapedeZoara    . 

33  53 

11  u 

Gorinth     ."      . 

37  53 

33     3 

TRioLl''        ! 

33  18 

11  2^ 

ai 

ATHENS 

37  58 

93' 46 

38  54 

13  11 

r 

Negropont 
Cape  ton 

88  97 

93  44 

Lebida 

38    8 

14  51 

1 

38    9 

94  40 

1 

Cape  Mensurato 

38  18 

16  1^ 

*4 

Cape  St  Geme 
SALONICA,   or  Salo- 

39  95 

93  17 

Cape  Lorat 

30  50 

17  25 

CapeLinconta    . 

30  89 

19  2( 

1 

nique 

40  38 

89  66 

CapeSerebioA     . 

3:1  81 

20  1( 

1 

Cape  BaUouri 

40  00 

93  40 

Zokra 

SO  44 

20  41 

H 

Mount  Athoa 

40    7 

94  15 

Bengaza     . 

33  16 

30  S( 

1 

Conteaaa    •        . 

40  39 

93  68 

Cape  Doera 

38  55 

81  2i 

i 

Lagoa        . 

40  40 

94  60 

DERNE    . 

38  S 

22  11 

Cape  Maeri 

40  30 

25  38 

Cape  Razatin 

83     I 

The  Pardanell$a 

40    3 

86    6 

Cape  Luco, 

31  50 

35  0( 

41    3 

87    6 

«: 

Cape  SoUman 

31  44 

85  n 

Galipoli     . 

40  96 

86  37 

Point  Ramadan   . 

31  38 

86  OC 

CONSTANTINOPLE 

41     1 

88  55 

CapeLagD8<^    . 
Cape  Capopera  . 
Cape  Roae 

31  83 

27  2( 

XXX.    TheOtkkSemt 

mdSeaoj 

fJJzof. 

31  13 
31    8 

28  44 

29  3( 

ALEXANDRU 

Abobkir     . 

31  13 
31  18 

30  U 
30  3fi 

Lat. 

Long. 
D.   «. 

D.    M. 

RoacUa 

31  84 

30  5g 

1 
1 

lamayl       . 

46  91N. 

48  60E. 

Cape  Bourlos      . 

31  33 

31  3C 

Akerman    . 

46  11 

;K)  16 

Dcmietta   . 

31  84 

38    7 

Odeaaa      , 

46  98 

30  37 

CapeCallo 

31  80 

33  3Q 

Klienon     . 

46  38 

39  56 

ElAiiah     . 

31  13 

33  5G 

Koalof 

45  15 

33  25 

Jafia 

39    5 

35    a 

Serastopol 

44  40 

33  36 

M.  Camel 

38  50 

35  16 

Venlcale     . 

45  99 

36  97 

Aere 

33  00 

33  86 

Fanagoria 

45  19 

36  3d 

Cape  Blanco 

33  10 

35  \S 

Teganroy  . 

47  19 

38  39 

Cape  Serpentc     . 

33  38 

35  35 

Tiebizonde 

41    9 

39  37 

Cape  Vardo 
Tnpoly      . 

34  89 

35  5C 

PapeTasaoim    . 

41  la 

37  48 

34  46 

36    7 

Sinope 

48    3 

35    9 

Tortosa 
Cape  Zaret 

35  88 

36  14 

36    8 

35  53 

XXXI.     The  South  dxL 

Hrfthe. 

MedUiT' 

ALEXANDRETTA,  or 

nouanSe 

8. 

Scanderoon     . 
Yasflo 

36  35 

36  58 
36  11 

36  20 

36  15 

37  10 

t 

Lat. 

D^"5I: 

ALEPPO   .'                 ! 

I 

a  M. 

Cape  U»co 
Point  CalTcro      . 

36  40 

34  U 

1 

Cape  Spartel 

35  49N. 

5  54W 

36  34 

33  25 

TANGIER 

35  40 

5  49 

Cape  Draumonte 

36  30 

32  20 

Ceuta 

35  54 

5  16 

t' 

SaUlia 

37    3 

30  55 

1 

Tetaon 

35  19 

5  87 

1 

Cape  Chclidoni    . 

36  18 

30  40 

Cape  Negril 

%  14 

484 

g 

Rosso  Island 

36    8 

29  69 

Cape  Baalal 

35  10 

344 

Cape  Seven  capes 

36  36 

29  00 

Cape  Three  Forcaa 

35  98 

9  57 

Macri 

36  40 

29  30 

Zaflarma  . 

34  57 

9    8 

Cape  Baibe         .^^    . 
CapeCrio         -/ -O 

36  38 

87  45 

CapeFegaUe 

35  47 

1    9 

36  45 

27  15 

JC»,F|acon       .        . 

35  5« 

0  48 

Cape  Pt.  Marr    • 

37. 38     l»7     7 

TABltB  XLVI^   Latitudes  and  Longitudes. 


Lat.    f 
D.    M. 

Xong. 

•      '♦■            ■    ^        1 

HBRT 

'CngT 

D.  M* 

. 

D.   M. 

D.    M. 

Cape  Black 
SMYRNA 

.lis  46N 

26  26E. 

Capra 

40  31 N 

.14  18E. 

.38  as 

27-20 

■    ■ 

Adramitta 

.  39  37 

27    5 

MESSINA 

38  14 

16  49 

Cape  Baba 

.39  36 

26  10 

Cape  Orlando      . 

38  20 

14  40 

Cape  Janesaii 

.40     3 

26  24 

Cape  Cefala 

38  16 

14    6 

Mondania 

.  10  £6 

28  50 

Cape  Corrana     .  . 

36  18 

U  36 

Scutari      • 

.  10  67 

29    4 

PAI.ERMO 
Cape  Alos 
Cap^StVisto    . 

38    7 

13  20 
13  23 
12  50 

38  17 

Tripanp 

38    9 

12  36 

Lat. 

Long. 

^*> 

Cape  Ruzo 

37  17 

13  20 

D.   M. 

D.   M. 

;c 

Cape.Alicale 

37    3 

13  50 

Alboran     . 

. 

36    IN. 

.8  OOW 

'^ 

Cape  Secba 

36  49 

14  26 

Fromentera,  W. 

point 

38  39 

0  57E. 

Cape  Passari 

36  41 

15  38 

—  E.  ditto 

38  43 

1  24 

Saragossa  • 

37    6 

15  30 

Ivica,  S.  ditto 

38  50 

0  55 

Cape  Carmab 

37  24 

15  39 

-N.  E.  ditto 

39  16 

1  25 

C^  MoUne 

37  37 

15  43 

Salina 

38  49 

0  50 

Cabrera  5.  point 

• 

39  12 

2  37 

Stromboli 
Lip^S.  point    . 

88  66 
38  37 

15  44 

16  7 

MAJORCA,  8.  |» 

oint 

39  20 

2  42 

Salina        .         . 

38  44 

14  56 

—  N.  ditto 

40    7 

300 

Volcano     .         . 

38  32 

16    7 

—  W.  ditto 

,         , 

39  45 

2    7 

Felicudi     . 

38  36 

14  27 

—  E.  ditto 

,         , 

39  42 

3  17 

Alicudi       . 

38  36 

14  12 

-  MAJORCA  T 

OWN 

39  34 

2  39 

Uatioa 
Uraci        . 

38  61 
38    6 

13  20 

12  26 

Dragon  bland 
Colebrea 

39  49 

1  69 

Maratimo 

38    1 

12    6 

39  62 

0  30 

Favognana 
QiiillRocka 

37  66 

12  23 

Minorca^  S.  poin 

t     ! 

39  43 

3  42 

37  36 

U  15 

—  PORT  MAH( 

aN   . 

39  52 

4  22 

Pantellarin 

36  46 

12  31 

"  N.  point 

40  18 

8  35 

Linosa        .         . 

35  52 

12  56 

La  Pidossn 

36  31 

12  47 

CapeCorae 

43    2 

9  19 

Lampion    . 

36  30 

12  30 

Saint  Florenzo 

42  36 

9  16 

Calvi 

42  30 

8  40 

Gozo,N.  point    • 

36    3 

14    5 

41  62 

844 

1 

0.  Comoneto 

36  64 

14  11 

South  point 
Cape  Signo 

41  21 

9  21 

UVaktte 

35  64 

14  29 

42  14 

9  37 

1 

CapeNicholaf     . 

36  47 

14  39 

BASTIA    . 

42  27 

9  32 

Fano,  entrance  to  the 

N.  P.  Lagosardo 

41  14 

9    2 

guirofVonioe  . 
Peiagosa     • 

40    5 

19  32 

Cape  Aflinara 

40  53 

8    6 

J* 

42  23 

1^20 

Cape  Caocia 

40  31 

8    7 

1 

Plana 

42  20 

16    3 

Cape  Otano 

39    9 

8  14 

k 

TremiU   •  .     "    . 

42  19 

15  40 

CapeMalfetena 

38  50 

8  54 

^ 

Liasa,  8.  point    . 

42  57 

16  15 

CAGLIARI 

39  15 

9  30 

i:* 

Pomo        . 

43  13 

16  46 

Cape  Carbonera 

38  57 

9  48 

1 

Longa,  S.  E.  point 
Corfii,  S.  E.  point 

44    1 

16  48 

Cape  Frances 

39  39 

9  50 

O 

39  47 

20    1 

Olastcr 

40    8 

9  34 

Pazu,  S.  point    . 

39  24 

80  22 

Capo  Cavallo 

40  4S 

9  47 

St  Maura,  \Y.  point     . 

38  64 

90  41' 

Cefolonia.  S.  point      . 

38    7 

20  63 

Asinara  Isl.  N.  p< 

oint 

41     7 

8  14 

—  Cape  Viscardo     .   . 

38  30 

2^47 

Antiochlaland 

38  55 

8  15 

Zante,  S.  point  . 

37  50 

20  49 

Toro 

.         !|38  47 

8  18 

i 

Cerigo,  8.  Point 

36M 

23    1 

Galita  Island 

.  37  38 

9    3 

•§ 

Cerrigotto 

36  64 

23  34 

Gorgooa     . 

.  43  25 

9  61 

•S- 

Milo,Town 

36  41 

24  60 

Cabrera      . 

.43    8 

9  50 

1 

Scio,  Town 

38  30 

26    3 

Elba 

.42  60 

10  12 

Mytelene^Town 

39  12 

26  87 

Planera 

.  42  43 

10    7 

Tonedos    . 

39  60 

26    6 

Pormjguea 

.42  33 

10    5 

Lemnoa     . 

39  64 

26  88 

Monte  Cbristo 

.'42  17 

10  26 

GiKo 

42  22 

U  00 

1 

C.  Cfio      . 

36  12 

2339 

Ganuto 

42  16 

11  10 

GapeSpnda 

36  47 

23  57 

Palmaria    . 

40  43 

13  00 

Suda^^         .         . 

36  30 

24  24 

Po8cn 

40  42 

13    6 

GaneSasaooo    . 

36  36 

**    I 

Uchia,  S..point 

MO  3S    1 

13  66 

IcANDU 

35  19 

25  18    1 

TABtE  XLVI.    Idfttkiides  «iid  Loositndes. 


16 


rrsr 

D.    M. 

86  saN 

35  00 

34  fiO 

35  84 
35  37 
86  87 
35  57 

35  41 
35  19 
35  3 
U  34 
35    7 


D.M. 
36  38E. 
86  20 


24  1 
87  3 
27  7 
23  30' 
iS  81 

34  38 

32  47 
31  41 

33  8 
U     5 


D.   M. 
point  33  54N 
38  38 
38  23 
30  13 
:30    6 


OapeSiden        « 
Cape  SaiamoM  . 

Goza 

Goxa,  S.  point    . 
Seapanto    • 
Rhodes,  Town    . 
Biwdes,  CapeStGioane 

Cape  Andrew 
Channa     . 
Cape  Salizani 
Cape  Gatto 
Cape  Grego 


XXXIIL 


The  Coasi  ofJffrieafirom  Cape 
Spariel  U>  Cope  Verd* 


Cape  Spartal 

Larash 

New  SaHee 

Mazagaa   • 

Cape  Blanco 

Cape  Manila 

SnffiaBay 

MOGADORE 

Cape  Geer 

Cleveland's  Sii6al 

Santa  Cnis 

Gap0  Nun 

Entrance  of  R.  Nun 

Captf  Blanea 

Cape  B^ador 

Cape  Das  Bailiaa 

CapeBlaneo 

Cape  St.  Ann 

Cape  Myrie 

Portendie 

SENEGAL,  f .  Bireberie  16  6B 

GAPEVERD     .         .14  47 


I 


D.  M. 

35  49N 

85  11 
34  6 
33  18 

9 
38  35 
33  80 
31  86 
30  88 
80  45 
80  80 
83  87 
28  17 
87  54 

86  18 
82  16 
80  66 
80  83 

.119  10 
.18  7 


5  64W 

6  IS 
6  43 
8  85 

8  40 

9  5 

8  46 

9  31 
9  58 

10  81 
9  38 

11  16 
11  81 
18  48 
14  87 

16  40 

17  10 
16  38 
16  20 
16  3 

16  31 

17  33 


XXXIV.     The  Western  ItUauU. 


COTFO 

Flores 

Fajal,  8.  E.  point 
Pico,  Point  de  Espetial 
^-  Sommit  of  Peak 


St  Oeorge^S.  £.  point 
"*  *■"   daPrajra 


Gracioea,  ViUa 
Tercetra,  Angra 
St.Mi«hael,  P.D( 
Poiat  Ferraria 

—  N.  E.  Point  . 
Fonnigas  or  Ants 
St.  Mary,  Town 

—  West  Point     . 


ijra89 


Delegada87 


Lat 
D.  M. 
89  44N 
39  86 
88  80 
38  86 
38  87 
88  81 
? 
|88  89 
45 
37  64 
87  49 
87  17 
86  69 
86  69 


Long, 
D.  M. 
81  7W 
31  7 
88  48 
88  36 
28  28 
87  50 
87  40 
27  18 
86  39 
85  58 

85  15 

84  54 

86  10 

85  14 


XXXV.    MtdeSra  Mmtdt. 


porto  Santo,  Town 
'ifadeira^  Lorengo  pt 


Ut 
D.   M. 

4N 
\S%  48 


Long. 
D.   M. 
16  14W 
16  36 


Madeira,  Tristam 
— FUNCHAL 
^.  Deseit^s,  S.  point 
bl.  SalrageS)  middle 
Piton  . 


ong. 
D.  M. 
17  14\V 
16  54 
16  86 
15  48 
15  54 


XXXVI.     Canary  lalande. 


Palma,  Town 
-f—  N.  point 

—  S.  point 
Ferro,  Valveide    . 
Gomero,  St.  Sebastian 
Teneriffe,  f^idalgo  point 

&  —  Orotava  . 
t—Tena  Point 
I  —Peak       • 
^  —  Port  Christianos 
SANTA  CRUZ 
Canary,  N.E.  point 

—  Palmas    . 

—  S.  W.  point     . 
Fuerteventura 
«-  Point  Gorda    . 

—  S.  W.  point     . 
Laniarote,  3.  point 

—  Puerto  de  Naos 
Puntadel  Farion 

Graciosa 
St  Claire    . 
Alegranza   . 


D.  M. 

28  39N. 
88  50 
88  31 

27  47 
6 

2S  40 

28  84 
88  17 
88  16 

87  57 

88  87 
88  13 
88  8 

87  45 

88  46 
38  4 
38  61 
88  57 

29  14 
29  14 
29  17 
29  20 


17  50VV 

18  00 
17  56 
17  56 
17  8 
16  81 

16  36 

17  1 
16  46 
16  62 
16  16 
16  38 

15  43 

16  3 

13  62 

14  31 
13  35 
13  22 
13  12 
13  14 
13  18 
13  10 


XXXVII.     O^e  Verd  Islands. 


St  Antbony,  N.  W.  P 

—  N.  E.  point     . 

—  SANTA  CRUZ 
St  Vincent 
St  Lacia     . 
St  Nicholas,  N. 

—  East  point 
Salt  Island 
Bonarista    . 
Leton  Rock 
Isle  of  May 
StJago 

PORTO  PRAYA 
--N.W.poInt    . 
Fogo,  N.  point     . 

—  Middle    . 
Brava,  S.  point    . 


Lat 
D.  M. 
17  12N 
17  8 
17  8 
16  59 
16  46 
point!  16  46 
16  88 
16  45 
16  4 
15  49 
15    6 


14  54 

15  26 
14  57 
14  53 
14  50 


Long. 

D.'M. 
25  I9n 
25  8 
25  15 
85  6 
34  55 
84  37 
84  13 
88  56 
88  45 
83  14 
23    5 

83  30 

83  48 

84  88 
84  83 
84  43 


XXXVIII.    From  Cape  Verd  to  the  Cap 
i^OoodHope. 


CAPE  VERD 

Goree  Isle  .        • 

Cape  Naie 

Cape  8t  Maiy,  ent  to 

Uie  Rircr  Gambia 
Cape  Roxo  . 
Cape  Ven^iuz^u  un 


T5r 

D.  M. 

14  4SN, 
14  40 
14  89 

13  19 
IB  18 
10    5 


Long. 
D.    M 

17  33V 
17  25 
17  13 

16  40 
16  48 
13  56 


TABLE  XLVL    Latitudes  and  Longitudes. 


D.M. 

^J 

D.M. 

w 

Delos  Islflf           .        . 

9  98N. 

13  96W 

SL-ni>i.M.orw.B9.p. 

0    5N. 

6a<SE 

CAPE  SIERRA  LEON 

8  29    . 

13    3 

Annabona 

1  398. 

545 

St  Ann's  Shoal,  W.  P. 

7    5 

13  98 

Trinidad     .       . 

90  28 

19    61f 

Cape  Ann    . 

7    6 

19  91 

Martin  Vas,(laigeft)    * 

90  31 

18  38 

Cape  Moont 

646 

U  10 

ASCENSION     . 

766 

14  16 

CapeMesnrada    . 

6  81 

10  40 

ST.  HELENA,  James 

Seatos  River 

634 

9  13 

Town 

15  66 

536 

Cape  Palouw 

480 

7  41 

Saaembugh*       .       . 

90  29 

MOO 

St  Andiew*aRifer      . 

600 

6  10 

Tristrand'Aeimha,N.P. 

37    7 

11  48 

6  16 

6  17 

Inaccessible  Island 

37  20 

12  25 

^^"^:   : 

4  69 

8  10 

Nightengale  bland 

37  27 

12  16 

4  63 

965 

HibemiaRocks(doabt) 

^7  31 

4  42 

Cape  Three  Points 

436 

944 

Diego  Alvares  (doubt) 

i9  90 

11     2 

DixCoTeFort      . 

444 

938 

Gough's  Island    .       . 

i0l9 

9  SO 

Sakondee    .       . 

464 

990 

Elmina 

5    9 

900 

LRaza,N.W.  point    . 
SalvMe's  Isl's.  N.  point 
The  Sisters 

50  69 

d  28 

Cape  Cone  Castle 

5    7 

1  69 

M59 

»1  18 

5    9 

1  41 

61    7 

U)26 

Acra 

530 

0  19 

Port  Egmont 
Island  Concha     . 

51  22 

60    1 

Cape  St  Paul      . 

5  59 

0  48E. 

51  16 

59  00 

Whidah               .        . 

684 

9  19 

CapeLeal    .        .        . 
Point  de  la  Banra,N.B. 

^1  21 

58  67 

Formosa  River     . 

533 

4  36 

1 

Cape  Formosa 

4  18 

5  10 

Point       .       .       . 

51  28 

57  41 

New  Callabar  River      . 

490 

650 

Cape  Corientes    . 

61  24 

57  62 

Cameroon's  River 

3  33 

9    5 

Port  Soledad       . 

51  33 

98  00 

Cape  St  John      .        . 
Gabon  River 

1  15 

836 

i 

Cape  St  Philip,  E.  P. 

51  43 

57  40 

098 

846 

5 

Beauchenesl.  S.point 

52  46 

68  59 

C.  de  Lopas  Gonsalvez 
Sesto  River 

0  56S. 
9  39 

8  43 

9  60 

^ 

Porpos  point 
Cape  Meredith    . 

52  28 
52    4 

69  28 
60  40 

Con^  River                • 

6  10 

19  25 

Cape  Oiford 

5156 

SI  00 

Amhris  Bay 

7  56 

13  15 

Cape  Percival 

51  47 

61  11 

Dande  Point 

8  88 

13  47 

Anron  Isles, 

• 

Cape  Ledo 

948 

13  98 

—  Northernmost 

62  43 

18  10 

Novo  Redondo    . 

11  90 

13  48 

T-  Soothemmost 

53  25 

17  69 

St  Philip  deBenguela 

12  39 

13  99 

Eagle  Reef         .       . 

61  51 

64  32 

C».pc  Negro     (appears 

Alexander  I.  Island      . 

69  30 

75  00 

like  black  hommoeks) 

16  00 

11  54 

Pater's  I.     . 

69  30 

WOO 

Tigers  Island,  N.  P. 

16  30 

19    1 

Cape  Frio    . 

18  40 

12  42 

Island  Georgia,    . 
—  Cape  Bailer    . 

WalwichBay        .        . 

99  66 

14  40 

M 

53  68 

87  40 

nihea  Point 

93  39 

14  40 

K 

—  Willie's  Isle    .       . 

54  66 

36  15 

\ngraPequeoa    . 
Elizabeth  Bay      .        . 
St  Helen'to  Bay,  (Cape 

26  37 

15  16 

5 

54  00 

38  26 

97  00 

15  37 

9 

—  Clerk's  Isfamds 

65    5 

34  42 

Sandwich  Land,  (Cape 

St  Martin's)    . 

39  49 

17  40 

Montagne)       .        . 

68  33 

96  46 

Saldanah  Bay      .        . 
Dassen  Island      . 

33    7 

18    7 

sS 

—  Candlemas  Isles 

57  10 

97  13 

33  95 

18    7 

1 

—  Southern  Thole 

69  34 

97  45 

Table  Bay,  Robin  IsL 
Cape  of  Good  Hope 
Town 

33  49 

18  25 

Isle  of  Circumcision     . 

i4l6 

6  14E. 

33  58 

18  28 

XL.    From  the  Capo  itf  Good 

Jhpo  Is 

CAPE  of  GOOD  HOPE 

34  94 

18  28 

Cmfon,  wUh  Ms  ajmemt  I$lm 
8hoaU. 

miTmU 

XXXIX.    lihmdsbetwt 

en  Cm  ] 
nulCope 

Verd,4hi 
Horn, 

Copt  qf  Good  Bope,  fl 

Lat 
D.   M. 

^ 

Lat 

D.^lS 

D.    M. 

M 

CAPE  of  GK)OD  HOPE 

34  24S. 

18  28E. 

St.  PanPs     •        •        • 

0  55N. 

29  13W 

£ 

Cape  False 

34  26 

18  41 

Ferdinand  Noronha      . 

3  65S. 

32  35 

^ 

CAPE  AQUILHAS,  or 

The  Roceas  (dangerons) 
Fernand  de  Po,  N.  P. 

3  59 
3  25N. 

33  26 
7  36E. 

1 

LAGULLU8    . 
Cape  Infanta,  S.  ent  to 
St  SehastiaB's  Bay  . 

34  55 

20  19 

Princess  Island    . 

1  33 

7  27 

34  35 

90  54 

dt  Thomas,  (Man  of 

«5 

Cape  Vaches 

134  24 

b2    5 

,    War's  Bay)      . 

0  97 

6  45 

HMcxIfteaoe  of  this  Idand 

IscoMiden 

M^OooiaOos  8.toaD04y&aaifhniaO*«r£.»l 

BVrbcif^ 

uailtiuiUoi 

ES^au  E. 

WM^XlMU 

Wng  the  •HflW'M  AfcTObom.                  ^  ^^^^  "^  ^ 

m^ 

TABLR 

JELVL 

Latitudes  and  Lonskudes. 

271 

Cape  8t  Bltf,  S.  Moi- 

D.   M. 

D^Sf: 

D.   M. 

12  13N 

Ft 

aelBaj    • 

S4  lOS. 

22  18E. 

—  Tamarlda  Bay 

12  40 

64  28E. 

Cm  Dalgado,  S.  ant 
Plettenteif  Bay 

34    6 

23  48 

Abdul-Curia  bland 
Cape  Felix 

12    5 
12  00 

52  32 
50  50 

Cape  MoQDtaina 

34  14 

26  00 

Cape  St  Peter     . 

1137 

50    3 

Algoa  Bay,  Cape  Recife 

34    9 

25  42 

Matte  Island 

11  21 

48  fiS 

i 

33  48 

26  22 

Aia,  or  Burnt  bland     . 

11  14 

47  28 

1 

J>oddiiigionRoek 

33  53 

26  20 

Berbera 

10  22 

45  10 

■? 

Cape  Padrao 

83  40 

26  84 

Zeyk 

11  17 

48    5 

"» 

Rio  de  Infanta,  ent 

33  S6 

27  87 

1 

Keiakamaer  Ra?er,  ent 

33  12 

28    7 

Pint  point  of  Natal 

32  22 

29  25 

bland      . 

12  88 

4329 

^j 

Middle  pt.  of  Natali     . 

31     8 

30  45 

Babehnandel  Cape       . 

12  40 

43  32 

1 

Third  pt  of  Natal 
Port  Natal  . 

30  15 

31  22 

Panther's  Shoal 

12  56 

43    8 

29  65 

31  28 

RasRattah 

14  56 

40  55 

Point  St  Lucia    .       . 

28  36 

32  48 

Dbalac  Island      . 

16  32 

40  15 

Smoky  Point,  CFumoe 

27  13 

33  16 

Massowah  Bay    . 

15  34 

39  37 

lielagoa  Bay, 

Port  Momington,  ent 

18  16 

88  32 

—  Ciape  St  Mary,  N. 
£.T.  I.  St  Ma^     . 

Sualdn         •        • 

19    5 

37  33 

26  58 

33  15 

Mirza  Sheik  Baroud     . 

19  35 

37  24 

-Engliih    River,  an- 

Salaka 

20  28 

37  27 

chorage   .        , 

26  58 

32  41 

Cape  Calmer 

21  28 

37  25 

Cape  Corientes    . 

24    2 

35  61 

St  John's  bland  . 

23  88 

36  10 

Ras-el-ans,  (CapeNoae) 

23  56 

35  48 

Point  on  E.  lide  Bay 

23  47 

35  52 

Reef  of  Breakers  .        . 

24    4 

36  16 

CapeStSebasUan^about 

22  00 

36  00 

Three  blanda              • 

24  26 

85  26 

Bazaruta  IsL  N.  end, 

Reef  of  Breakers 

24  54 

35  49 

(about) 

21  12 

36  00 

Dedalus  Shoal 

24  58 

35  56 

SofalaBay, 

Gebel  SIbcnet    . 
Centurion  Shoal , 

25    2 

34  54 

-  Shoal  oifSofak 

20  47 

36  38 

25  20 

35  48 

—  ChiilawanorHolyl. 

20  36 

35    4 

1 
1 

Kosine       .       .        . 

26    8 

84  16 

-  SoftJa,  fort     .        . 

20  16 

34  46 

The  Bratiien 

26  19 

34  47 

QuUimi^  Riyer,  ent 

18  10 

37  80 

SUEZ 

30  00 

32  28 

Rocky  Bank     . 

17  39 

38  27 

Cape  Jehan 

28  83 

33  11 

Fogo,  or  File  Island,  off 

Tor  Harbour       .        . 

28  19 

33  28 

17  12 

38  52 

Ras  Mahomed     .        . 

27  43 

34  16 

Rasor  bland 

17    5 

39  13 

ShadttanI.S.£.P.      . 

27  26 

33  64 

J 

Amxa  Islanda, 

—  Western,  Caldehra 

Bareedy  Haibour 

24  17 

87  45 

1 

16  40 

89  40 

Tambo        .        . 

24  10 

88  21 

1 

16  21 

40  25 

Juddah 

21  29 

39  16 

^ 

MOZAMBIQUE 

15    1 

40  47 

Camfidia     .       .       . 

19    7 

40  50 

•S" 

Querimba  bland,  about 

12  20 

40  58 

Marabia  ReeftW.  P. 

19  11 

40    5 

1 

Cape  Delgado 

10    6 

40  50 

Doorhall.    .        . 

16  15 

42    8 

QuUoa 

8  41 

39  47 

Loheia 

15  44 

42  44 

1 

Zansibar  bland,  8.  P. 

628 

39  46 

Gebel  Tor    . 

15  32 

42  00 

-N.P.      .        .       . 

540 

39  46 

Cape  Israel 
Gebel  Zabayr      . 

15  16 

42  41 

PeabaorKeddree,S.P. 

6  30 

40  19 

15    3 

42  18 

-N.P.      .        .        , 

450 

40  26 

Hodeida      .       . 

14  48 

42  67 

Mombas  Harbour,  ent 

4    4 

40    2 

Shoal  oiT  Ras  Magamel 

14  35 

42  56 

CheneeRim 

3  37 

40    7 

Gebel  Zeghir 

14    2 

42  52 

QuiUaeRifer 

325 

40  19 

Great  Airoe 

13  41 

42  52 

Leopard's  Reef    . 

3  16 

41    2 

MOCHA     .       . 

13  20 

43  20 

Formosa  Bay,  S.  point 

300 

41    2 

-N.  point         .        . 

2  39 

41  21 

^ 

Cape  St  Anthony 

12  3^ 

44  14 

Patta 

2  10 

41  18 

"i 

Cape  Aden 

12  44 

45  14 

Daedahia  Shoal    ,        . 

0  23 

43    4 

^ 

Cape  Hargiah 

13  30 

47    2 

Jwba    .       .       .       . 

0  12 

43    2 

Macula  Bay 

13  57 

47  58 

i 

Brava 

1    8N. 

44  10 

Cape  Bogatshua   . 
Kisseeo  Point 

14    6 

49  24 

Magadoza 

2    5 

45  49 

15  19 

51  20 

gape  Bassas 

450 

48  49 

CapeFartash 

15  34 

51  56 

More  Cobir  Point 

830 

60  45 

Dofar 

17    3 

54  10 

Cape  Delgado,  north    . 

10  00 

51  17 

CapeMorebat 

17  00 

54  32    1 

Cape  Orful  . 

10  22 

51  89 

Cape  Monteval,  N.E.P. 

17  26 

55  20 

CneGoardafiii    .       . 

11  50 

51  32 

Curia  Muria,!.  Western 

17  33 

56  40 

Socetni  bland,  E.  P, 

12  80 

54  52 

Cape  ChansclcT  . 

18    2 

56  30 

-W.P.     .        .        .Ii2  87 

53  32   *    'Ca^boletle   ' 

18  58 

67  48 

TABLE  XL VI.    Latitudfesf  and  htm^^toA^ 


Lat. 

Long.  1    j 

Lat 

TTop? 

D.  M. 

D    M. 

D.  M. 

D.  M. 

azeira  bIand8^.W.P. 

MOON. 

58  19E. 

Surde  Island 

86  60N. 

54  39£J 

N.  E.  P. 

20  35 

58  56 

Cape  D^lera 

86  36 

5«  48 

isalhad,  (Cane  Rani- 

Cape  Bostaaa      . 

86  SO 

54  52 

gat)          .        .        . 

22  32 

69  58 

Linga          •        •        • 

16  33 

55     1 

ipe  Kuriat 

2S  20 

58  57 

1 

Kishm  Island, 

uscat 

23  38 

58  41 

—  S.  W.  Point    . 

86  38 

55  28 

irka 

23  41 

57  56 

;d 

—  Point  Bassaddlte,  of 

int  Ddia  . 

25  34 

56  80 

s 

N.  W  P. 

86  38 

65  22 

ft, 

—  Luft       .        • 

86  55 

55  55 

pe  Museendorn 

86  21 

56  38 

—  N.  Point 

87    3 

66  20 

ab,  or  Gap  Island     . 

26  82 

56  48 

s 

—  Kbhm  Town  . 

26  67 

56  24 

eat  Quoin  Island 

26  30 

66  44 

S 

26  39 

55  67 

peJcdee  . 

26    8 

56  12 

Lanek  I.  (conical  hill) 

86  58 

66  88 

imps 

25  54 

66    3 

Ormus  I.   N.  end,  Ibrt 

27    7 

56  37 

sulkbima 

25  47 

56  00 

Gambroon   . 

27  13 

$6  22 

nrah,  or  Red  Island  . 

25  43 

55  49 

Rm  Koli,  or  Cape  Hill 

26  80 

57  30 

arga         . 
othabeen  • 

25  88 

55  32 

Kolnimbareky  ot  Bern* 

24  26 

63  40 

barack  Rock     . 

85  68 

67  46 

ra  Island . 

25  10 

53  46 

Cape  Kohumbarek 
KoTumbarekBhoal      . 

25^ 

57  46 

luss  Island 

25  10 

52  46 

86  43 

57  56 

main  Island 

25    8 

58  55 

zenie  Island     . 

24  56 

58  33 

CapeJaak    . 

85  88 

6B10 

Jmy  Island        . 
sr  Benhrass  I.  . 

84  36 

58  84 

Chinimr 

85  16 

6180 

24  34 

58  40 

Cape  Gwaduror  Guadd 

86    4 

63  18 

inie  Island        .        . 

85    1 

58  30 

Cape  Arubafa 

«5    7 

66  84 

eni:oir  Island  . 

25  18 

58  18 

^ 

Cape  Monoze  or  Mowa- 

iwlool  bland,   (pro- 

i 

lee          •       •       • 

84  51 

66  50 

bably  I.  May)  . 

85  41 

62  83 

0. 

Koraucbee  or  Crotchey 

84  46 

67    7 

s  Recean 

86  11 

51  16 

RiTor  Scind,  ent  gnmd 

>or  Hnssan 

86    8 

61  11 

branch     .        .        . 

84    8 

67  80 

.tifBay,N.P.  .        . 

86  36 

60  18 

Tattah 

84  44 

68  17 

ree  low  sandy  iilf.    . 

87  42 

49  30 

Bate  Castle 

88  98 

69  80 

iidy  Island        . 

87  58 

49  85 

Point  Gigat 
DiuHead    .        . 

88  88 

69  16 

Auzoor    . 

88  53 

48  16 

80  48 

71    6 

sulurhud,  (S.  E.  part 

Jaffrabad     . 

80  65 

7136 

Df  Graeh  Haven) 

89  80 

47  67 

Searbett  Ishnd    . 

80  56 

yi43 

jimaradam  Island 

28  48 

48  38 

Goapnat  Point     . 
Cambay 

81  18 

WIS 

aen 

89  84 

47  48 

88  94 

n» 

erieeche  Idand 

29  30 

48  86 

Si^alloir   Pobt   (TtfiX 

sra  river  bar    . 

29  57 

48  48 

Tomb)     .        . 

81    4 

78  51 

SRAorBUSSORAH 

30  29 

47  40 

Surat  Castle 

81  11 

73    6 

lam          .        .        . 

29  55 

60  18 

Demaun 

80  99 

73    9 

peBang   . 

29  46 

50  27 

Highland  of  St.  John   . 

80    8 

73    6 

rak  Island 

29  16 

60  27 

Terrapore  Point  . 

19  60 

78  49 

sheer 

29  00 

60  66 

Basseen  Rirer 

19  18 

73  12 

iliiahHins,N.P.      . 

29  19 

51  26 

Bombay,  (flagstafi) 

18  66 

78  58 

ses  Ears  . 

28  89 

61  20 

Bombay  light  house 

18  54 

78  66 

zarine     . 

28    8 

49  64 

Hencry  and  Kenery  Isl- 

yn . 

27  49 

60    4 

ands 

18  48 

78  57 

pe  Berdistan    . 

27  58 

61  86 

Coullaba  Island     •        . 

18  37 

78  59 

nklun 

87  49 

58    6 

Chaoul 

18  38 

73    1 

pe  Nabon 

27  24 

52  62 

Ra^japour  harbour 

18  16 

75    8 

erak  Hill          .  ,      . 

26  66 

64  17 

Bancoot  River 

17  67 

73    9 

sbeab       . 

26  48 

53  25 

Serendroog . 

17  47 

73  13 

id  Island . 

26  15 

60  40 

Dabul 

17  46 

73  15 

rable  Shoal      . 

26  55 

50  26 

Argenwell  Fort    . 

17  34 

73  15 

3scent  Shoal     . 

26  44 

51  43 

Bona  Point 

17  25 

73  16 
73  17 

ditto  Fafourite 

Ztighur  Point 

17  16 

soundings 

26  50 

51  10 

Rettna-Geriah 

17    8 

73  22 

[idcrabui  Island 

26  39 

53  42 

RadjapourFoK    . 

16  47 

73» 

en  or  Kiez  Island    . 

26  29 

64    8 

Geriah  point  &  flagstaff 
Angrias  Bank,  M.  P.    . 

16  31 

73  85 

iior  or  Belior  Island  . 

86  18 

64  40 

16  38 

78    8 

5ttt  TuDib  1.      , 

26  17 

65  24 

-S.P.      .        .        . 

16  18 

78    8 

tie  rumb  I.      . 

86  14 

56  13 

Dewghur  faaibonr 

16  83 

73  38 

bfleur  I. 

26    6 

64  34 

Atcfaen  Riter     . 

16  11 

73  36 

■mesa  Inland    . 

85  61 

55    9     1    ^ 

Melundy  (fortified  lal.) 

16    3 

r$  36 

STABLE  XLVI.    Latitudes  and  Longitude^. 


Lat. 
D.M. 

16  56N. 

16  63 
15  44 
15  41 
15  36 

15  29 

15  28 

16  22 
16  5 
14  48 
14  47 
14  44 
14  30 
14  19 
14  IS 
14  3 
13  50 
13  28 
13  17 
13  12 

13  11 
12  60 
11  59 
11  61 
11  44 
11  41 
U  30 
11  15 
11  10 
10  38 
10  33 

to  15 
9  67 
9  30 
9  20 
8  64 
8  62 
8  39 
8  23 
8  9 
8  5 


Long. 
D.  M. 
73  39E 

73  34 
73  44 
73  47 
73  48 

73  53 
73  68 

73  53 

74  6 
74  14 
74  16 
74  16 
74  31 
74  37 
74  39 
74  32 
74  53 
74  55 
74  55 
76  4 

74  52 

75  7 
75  31 
75  41 
75  49 
75  52 

75  61 

76  5 
76  6 
76  17 
76  20 

76  24 
76  29 
76  34 
76  39 
76  46 

76  48 

77  00 
77  8 
77.29 
77  44 


Newtee  Point 
v'ingorla  Rocks,  or 

fiuint  Islands   . 
Raree  Point 
Chiracole  Fort     . 
Chapra  Fort 
AlgoadaPt  N.  ent.Goa 

Bay 
GOA   . 

St  George's  I.  (western) 
Cape  Ramas 
Oyster  Rocks,outermost 
Carwar  Head 
Ai^dwa  (island) 
Merjee  River 
Fortified  Island    . 
Onore 

Pigeon  Island 
Barcalore  Peak 
St  Mary's  Rocks,  N.P. 
-8.  P. 

Molky  Pyramid    . 
Premeira.    or    Molky 

Rocks 
MANGALORE   . 
Mount  Dilly 
Canonore  Point  &  Fort 
Teliicherry  Flagstaff 
Mabe  Fort  .        . 
Sacrifice  Rock 
Calicut 

Beypore  River 
Paniany  River 
Chitwa  Church     . 
Cranganoreor  Aycotta 

River 
Cochin         • 
Alippee 
Porca 

Iviker  or  Aybicka 
Quilon 

Angenga  Fort 
Ruttera  Point 
Cadiapatam  Point 
CAPE  COMORIN 
Ceylon 

—  Point  Pedro  .  .  9  49 
Colombo  •        .   6  57 

—  Adam's  Peake         .   6  52 

—  Point  deGalle  .  6    1 

—  Mature  .  ,  .  6  58 
DondraHead  .  5  55 
CrrandBassas  .  .  6  11 
Little  Bassas  .        .   6  24 

—  Elephant  Point  .  6  20 
Agaus  or  Aganis     .  6  53 

—  Battacola  Roads      .  7  44 

—  Vendoos  Bay  .        .7  57 
•  Trinconuiley,    Flag* 
staffPoint  .  8  33 

—  Molewal  or  Molatee- 
va  House         .        .  9  13 

—  Point  Palmyra        .  9  49 


Manapi  Point 
Trincnindere  Pagoda 


8  22 
8  30 


80  23 

80  00 
80  38 

50  20 
80  40 

80  43 

81  38 
81  55 

81  39 

82  1 

51  52 
81  44 

81  24 

81     1 
80  26 

78  16 
78  24 


PunnecoH    . 

Tutacarine  . 

Point  RameR 

Deviapatam 

Tondy 

Point  Calymere 

— P^^odai    . 

Negapatam  Fort 

Five  White  Pagodas  of 
Nagore 

Tranquebar 

Devicotta(Ezteroon  R.) 

Porto-Novo 

Cuddalore 

PONDICHERRY 

Sadras 

MADRAS,   Fort   St 
George     . 

Ennore 

Pulicat 

Armegon 

Point  Pennar 

Gondegam  . 
■^  False  Point  Divy 

Point  Divy  . 

MASULIPATAM 

Narsapour  Point 

Point  Gordeware 

Coringa 

Jaggemautporam 

VVattara 

Vizagi^patAm 

Bimlipatam 
Chicacole  R« 
Gaiyam  Flagstaff 
Manikpatam 
Jaggernaut  Pagodas 
Black  Pagoda 
False  Point 
Point  Palmyras 
BALLASORE 
Ingerlee  Pagoda 
Kedgeree 
CALCUTTA  (FortWa- 

Ham) 
Chandernager 
Sager  Point 
Light-house  Point 
TailWestemBrace,  S.P. 
Tail  Western  Sea  Reef, 

S.P. 
TaU  Eastern  Sea  Reef, 

S.  P.        .        . 
Floating  Light  Vessel 
Tail  of  SaugerSand,S.P. 
Codju  Deep  (Island) 
Islamabad  or  Chittagong 
Red  Crab  Island 
Dombuck  or  Elephant 

Point 
St  Martin's  Reef 
Mosque  Point,  ent  A 

racan 
TerriUes  (mid.)    . 
Cbeduba  Pagoda 


Lat. 
D.  M 
8  41N. 

8  50 

9  17 
9  29 
9  45 

10  18 
10  23 
10  45 

10  49 

11  1 
11  22 
11  31 
11  43 

11  66 

12  32 


13  4 
13  16 
13  25 

13  58 

14  30 

15  20 
15  47 

15  59 

16  11 
16  19 
16  43 
16  49 

16  56 

17  26 
17  42 

17  53 

18  12 

19  22 
19  40 
19  48 

19  52 

20  20 

20  41 

21  30 
21  44 

21  51 

22  34 
22  51 
21  35 
21  30 
21  9 

21  00 


20  58 

21  2 
21  00 

21  27 

22  21 
22  28 

21  10 
20  34 


Long: 
D.  M 

78  30] 

78  33 

79  22 
79  00 
79  12 

79  58 

80  00 
79  55 

79  55 
79  55 
79  54 
79  48 
79  50 

79  54 

80  13 


Tree  Island" 


W  15 
19  25 

18  48 

.118  26 


50  22 

8()  24 
80  24 
80  13 
80  17 

80  6 

81  1 
81  16 

51  J3 

81  50 

82  22 
82  17 

82  17 

92  55 

83  26 
83  37 

93  54 

85  10 
35  39 
35  52 

86  6 

87  00 
87  13 

87  10 

88  00 
88  6 

88  26 
88  27 
88  11 
88  27 

87  47 

88  3 

83  21 
S3  25 
88  37 
88  34 
91  45 
91  52 

91  58    , 

92  13 

92  38 

93  6 
93  34    j 
93  45] 


^  LlTftp. 


74 


TABL£  XLVL    Latitudes  and  Longitudes. 


Long. 
D.  M. 

103  37E. 
103  8 
103  4 
103  00 
102  40 
102  17 

101  51 

102  42 

100  58 

101  15 
101  13 
101  37 

103  40 

104  34 
104  54 

104  56 

106  30 

107  4 
107  16 
107  33 

107  56 
167  52 

108  4 

106  19 
108  31 

105  40 

108  48 

109  00 
109  4 
109  19 
109  IS 
109  19 
109  19 
109  19 
109  16 
109  23 
109  It 

109  i5 
109  25 
109  14 
109  13 
109  21 
109  14 
109  14 
109  14 
109  7 
lOB  56 
109  6 
im  44 
108  33 
108  15 

108  7 

107  61 
107  26 
107  23 


108  5S 
10916 

109  34 
109  39 
109  41 


Foul  Island 

Church    (or  St  John's 

Rocks) 
Caiventura  Rocks 
Buffalo  Rocks 
Cape  NegraJB 
Diamond  Island    . 
Sunken  I.  (or  La  Guar- 

da) 
Rangoon,  or  Pegu  rifer 

entrance  • 
PEGU 
Martaban    . 
Tavay  Point 
Tavay  Island 
Cabossa  Island 
West  Canister  Island 
Tanasserim  Island 
Mergui 

lores  Islands, ifestem 
Small  Rock 
Domel  Island 
St.  Matthew's  I. 
Seyer's  Islands,  N.  P. 

—  S.  P.      .        . 
Junkseylon  I.  N.  P. 

—  S.  P. 
Parlis  River 
Elephant's  Mount 
Queda 
PrinceofWalcs'LForl 

Comwallis 
Cape  Caran 

Salangore  Hill  and  Fort 
Pulo  Callam  or  Colong, 

S.  P. 
Parcelar  Hill 
Parcelar  Point 
Tanjong  Tuan,  (C.  Ra- 

chado) 
Tanjong  Clin  or  Peer 

Punjab     . 
Fisher's  Island 
Malacca  Fort 
Water  Islands,  southern 
Mount  Mora  or  Moar 
Mount  Formosa  . 
Mount BattoQ  Ballo 
I'ulo  Pisang 
Pulo  Cocob 

anjong  Booro    . 
Little  Hill,  or  False  Jo- 
bore  Hill 
Johore  Hill 
Barbucet  HUl 

oint  ROMANIA 
1  alse  Barbueet  HiQ 
Romania  Reef      . 
Eastern   Bank,    (outer 

part) 
Pu!o  Tingy  . 
Blair's  Harbour 
Pulo  Varola 
Pahan  Road 
Tingoram  . 
Howard's  Shoal 


D.  M. 

IS  7N 


17  28 
16  52 
16  21 
16  2 
15  52 

15  41 

16  29 

18  00 
16  28 
13  33 
13  13 
12  46 
12  40 
12  36 
12  12 
11  50 
11  21 
11  10 

9  55 
8  43 
8  28 
8  9 
7  46 
6  21 
6  10 
6  6 

5  24 
3  32 
3  20 

2  56 
2  52 
2  42 

2  28 

2  17 
2  13 
2  12 
2  4 
1  59 
1  49 
1  39 
1  28 
1  19 
1  15 

1  26 
1  23 
1  25 
1  23 
1  30 
1  25 

1  32 

2  17 

2  43 

3  16 

3  31 

4  12 
4  14 


Long. 
D.  M. 

93  56E. 

94  7 
94  8 
94  12 
94  13 
94  19 

94  15 

96  25 

96  52 

97  30 

98  6 
98  9 
97  29 
97  26 

97  30 

98  24 
97  3 
97  15 

97  57 

98  4 
97  48 

97  48 

98  20 
98  20 

100  13 
100  21 
100  17 

100  21 

101  8 
101  18 

101  16 
101  29 
101  32 

101  52 

102  8 
102  12 
102  15 
102  20 
102  42 

102  56 

103  11 
103  16 
103  25 

103  30 

104  4 
104  6 
104  13 
104  18 
104  16 
104  25 

104  35 
104  8 
103  40 
103  47 

103  18 
103  31 


LaL 
D.  M. 


•  South  Pt  of  Hainan  IS  10 


GflloDg  Bay 
—  Brother's  I*8.'Eaat6ni 


P.  Brala,  or  Capas  de 

Mer 
P.  Copes  de  Terra 
Tringany  River,  ent 
Great  Redang  Island 
Pulo  Printian 
Caiantan  Road     . 
Cape  Patani 
Pulo  Lozin 
PuloCara    .        . 
Siam  RiTer*  entrance    . 
JUTHUorSIAM       . 
CapeLiant  . 
Pulo  Way    . 
Pulo  Oby  False    . 
PuloOby      . 
Cambodia  Point  . 
Cambodia  Rirer,  W.  en. 
Cape  St.  James  (£.  ent. 

Saigon  R.) 
«apc  Triroane     . 
Point  Babeck 
Brittos  Bank,  N.  £.  P. 
Cow  Island 
Point  Kega 
Point  Vinay 

Mui-guio  or  Little  Gapejll 
Point  Lagan        .        f " 
Pulo  Ceicer  de  Terre   . 
Cape  Padaran 
Padaran  Bay 
Cape  Varela  False 
Carmaigne  Haifooiur,en. 
Water  Islands 
Tre  Island  . 
Pyramid  Island     • 
Nhiatrang    . 
Three  Kings  Rocks 
Hone  Cohe  Harbour    . 
Cape  Varela,  or  C.  Par 

goda 
Perforated  Roek\ 
Phuyen  HarEwur,  ent. 
Coumong  Harbour,  ent 
Pulo  Cambir 
Cape  Sanho 
Quinhone  Uar. 
Buffalo  L     . 
Point  Nuoc  Ngol 
Tamquan  Ri?er 
Pulo  Canton 
Port  Qui-quick 
Cham  Callao 
Cape  Turon  or  Tienehu 
Callaohanne  I.  (N.ent 

Turon)    . 
Cape  Chouvay 
Hue  or  Huesso  River 
Tiger  Island 
Hainan  I.  and  adjacent 

Islands, 

—  YaitchewBay 

—  Yulenken  Bay,Zenby 


4  47N 

5  15 
21 
50 

4 
13 

4 
19 


8  29 

13  30 

14  18 
12  27 

9  55 
6  40 
8  25 

8  35 

9  34 

10  17 
10  21 
10  30 
10  32 
10  39 
10  41 

10  54 
4 

11  9 
11  13 
11  21 
U  35 
11  44 

11  49 

12  3 
12  16 
12  21 
12  26 
12  43 
12  45 

12  55 

12  69 

13  23 
13  29 
13  33 
13  44 

13  50 

14  11 
14  19 

14  39 

15  23 
15  23 

15  54 

16  5 

16  11 
16  21 
16  35 
16  55 


18  d4 
18  11 


13  12 

18  11 


TABLE  XLVL    Latitodes  and  Longitudas. 


S75 


■" 

Long. 
D.   M. 

"■ 

"Tsr 

Long. 
D.   M. 

D.  M. 

D.   M. 

—  Luennoy  Point  S.  P. 

—  SaU  Rock 

IS  38N 

110  00£. 

Prince  Edward's  islands 

IS  36 

110    S 

—  Southernmost 

46  53S. 

37  46E. 

-  Saddle  Islaod  . 

18  35 

110  11 

—  Northernmost 

46  40 

38    8 

-Point  of  laod  . 

18  40 

110  24 

Kerguellan*s  Land,  or 

-Nankin  Island 

18  3S 

110  21 

Isle  of  Desolation, 

-  Tinhosa  Idand 

IS  40 

no  28 

—  Bligh's  Cap,  N.  P. 

—  Christmas  Harbour 

48  29 

68  44 

—  Fabe  Tinhosa 

18  49 

110  34 

48  41 

69    4 

—  Toongean  Mountpt. 
-HainanHaulN.E.P. 

19  36 

111     2 

—  Port  Paliser    . 

49    3 

69  37 

19  59 

110  64 

—  CapcDigby,  orE.  P. 

49  23 

70  34 

—  South  Tiya  Island  . 

19  49 

111  12 

—  Cape  George,  or  S,P. 

49  54 

70  10 

*^ 

—  North  Taya  Island   . 

19  59 

111  17 

—  Island  Solitaire 

49  49 

68  11 

§ 

1 

Nowchou     . 
Ty-foong-kyoh  I.  (Ticn- 

80  &8 

no  26 

—  Cape  Louis      • 

St  Paul's  (or  Amster- 

49   3 

68  23 

5; 

pak  harb.)        .        . 

21  22 

111  13 

dam  Island) 

37  52 

77  52 

Ty.Chook-Chow  I. 

21  26 

111  26 

Amsterdam  (orStPaul's 

Song-yue  Point    . 

21  31 

111  40 

Island)  S.  P.     . 

38  47 

77  52 

Mamee-Chowy    or   the 

Danish  Rock,  doubiful , 

28  17 

98  25 

Twins,  near  S.  W.  F. 

Cloate's  I.  (Ion.  uncer.) 

22    7 

112  30 

.  ofHai-Ung'shan 

21  34 

111  60 

Tryal  Rocks 

20  40 

105  30 

Ty.oa  Point 

21  43 

112  15 

Rosemarylslands)  very 
A  reef  10  miles      near 

20  23 

115  55 

Nampang  I. 
Mandarin's  Cap  .        . 

21  34 

112  12 

21  28 

112  22 

N.VV.of  Rose  J-New 

20  18 

Mong'-chow  I*      • 

21  39 

112  29 

mai7  Island        Hol- 

t 

Haw-cheun,S.  W.end 

21  36 

112.31 

Abrohlos  Shoals  J  land 

28  30 

113  36 

Passage  I.  (near  S.W.P. 

Christmas  Island 

10  33 

105  33 

Haw-ebeun) 

21  35 

112  34 

Cow  Isles, 

Wy-Ganaa  I.  (near  S. 

—  Northern 

11  50 

97    4 

point  St  lohn«») 

21  34 

112  47 

—  Southern 

12  23 

97  15 

Lien-Chewl.        .        . 

21  36 

112  53 

Clarke's  Reef  and  Im- 

Wizard  Rocks      . 

21  47 

113    1 

perieuse  Shoal  . 

17  32 

119  14 

Ty-knml.    .        . 

21  52 

113    1 

Dampier's  or    Scott's 

Gou-cockl. 

21  60 

113    7 

R4)ef,  N.  W.  end       . 

13  68 

121  69 

g 

rylooI.8.P.       . 

21  52 

113  14 

—  N.  E.  end 

14    1 

122  16 

< 

Gnat  Ladrone     . 

21  67 

113  44 

Coral  Bank 

13  38 

124  29 

^ 

Potoe  or  Passage  I.      . 

22    9 

113  39 

Coral  Bank,  9  fathoms 

13  25 

124  12 

LaiT-Samee  Peak 

22    S 

113  49 

Coral  Bank,  7  fath..     . 

12  46 

184  32 

Typa  ... 

22    8 

113  33 

CarUer'sSandyLorBank 

12  28 

133  56 

Macao,  City 

22  10 

113  32 

Red  Island,  (?ery  neai 

Lantoa  orTyho  I.  S.  W.P. 

22  12 

113  50 

New  Holland) 

15    9 

134  83 

IJntin  Island,  Peak 

22  24 

113  48 

Coral  Bank.  10  f.  or  less 

12  85 

134  11 

Asses  Bars 

21  54 

114     1 

Hibemia's  Shoal  . 

11  56 

128  88 

OreatLemal.  N.E.  P. 

22    6 

114  IS 

Sahul  Shoal,   S.  W.  P. 

Nine  Pin  Rock     . 

22  16 

114  22 

12  fath. 

11  35 

124  14 

23    6 

113  22 

Echo's  Sonndings,  14 

CANTON   . 

23    7 

113  14 

fath.         .        .        . 

11  16 

125  50 

Coral  7  frth.  Bank 

9  56 

129  28 

XLI.     lilaiuUmidShoaUmthel 

JfDJjiJf 

OCEJVf,  between  the  meridi 

ansofthe 

Fortune  Shoal 

33    S 

43    5 

Cope  0/  Good  Hope  and  Sunurfi 

r«,  tnc/u- 

Union  Shoal 

35  25 

41  12 

ding  thote  West  mdJfortJ^We 

slo/JWw 

Dutch  Bank 

3144 

44  00 

Otter's  Shoal,  doubtful 
Princess  Augusta'sShoal 

33  56 

36  00 

Lat 

Long. 
D.   M. 

a  M. 

doubtful    .        ••      . 

33  44 

36  16 

Dnteh  Bank,  Stot  Van 

Union  Rocks,  douMAil 

35  23 

41  20 

Capelle, 

Swallow  Rocks&Break- 

Various  situations  from 

40  OOS. 

38  50£. 

. 

ers,  doubtful     . 

28  20 

42  10 

—  to  . 

36  00 

43  30 

Star  Bank    . 
Madagascar  Island, 

28  43 

4333 

(aouDtiul) 

25  15 

44  16 

Various  aituatioiis  from 

39    9 

21  57 

■^ 

—  Cape  Amber,  N.  P, 

12    8 

49  25 

—  to  . 

38  00 

33  34 

k 

-Cape  East       .       . 

16  14 

60  30 

37  85 

36  19 

i 

—  Bay  AntongQ  . 

^  St  Maifalsland    . 

—  Foul  Point      . 

X6  27 

50  23 

French  Shoal,  donbtful 

38    S 

,43    6 

§3 

17  00 

50  25 

AtlanU's  Rock,  doubtful 

36  43 

63  00 

"3 

y  41 

49  3b 

1 

Wellington  Skoal,  ircry 

S 

—  PortDauohin  . 
L-  Cape  St  Mary 

25    5 

46  a*! 

:&  13 

h^ 

donbtlU  .        .       . 

39  53 

71  43 

25  40 

276 


TABLE  XLVI.    Latitudes  and  Longitudes. 


—  St.  Augustine  Bay 
cnt.  (Sandy  I.) 

—  Cape  St.  Vincent 

—  Cape  St.  Andrew 
Madagascar  Inland 

—  Table  Cape      . 
Bembatoo&a  Bay 
Majambo  Bay 

—  Narrenda  B^y 

—  Dalrymple  Bay 

—  Passandava  Bay 
— -  Cape  SU  Sebastian 

Star  Bank 

Bassas  de  India    . 
tluropa  Rocks 
Sussex  Rocks 
Bazanito  Islands 
Barren  Islands,  western 
Englbh  Bank 
Juun  de  Nova  or  St. 

Christopher's  I. 
Coffin  Island 
Chesterfield  Shoal 
Mayotta  Island  • 
Mobilla  Island  . 
Johanna  Island,  Peake 
Comoro  .  : 
Portuguese  Shoaltf 
John  Martinis  bland 

(doubtftil)  .  ' . 
Firebrass  Bank  . 
AldabraIslands,N.W.P. 
Assumption  Island 
Cosmoledo  Island 
Marquis  of  Huntley's 

Bank        .         .         . 
St  Peter's  Island 
Natal  Island  (doubtftil) 
Sandy  Island 
^t.  Lawrence  Island 
Zanzibar  Island,  S.  P. 

—  N.  P.      . 
Amirantel8land,N.W.P 

—  S  E  P 

Mahe  Bank'  N.  W.  P 

—  S.  E.  P. 
Seychellc  or  Mahe  I. 

—  Praslin  I. 
French  Shoal 
Afirlcan  Islands    » 
Alpbonsa  I. 

Sandy  Island  or  Bank  . 
Isle  Bourbon  St  Denis 
Mauritius  or  I.  of  France 

—  Fort  Louis 
Diego  Rais  or  Rodrique 
^  t  Branden  or  Cargados 

Gars^os    . 

—  N.  part  of  the  Bank 
—^Low  Sandy  Island    . 

—  Islet  vfiih  huts 

—  South  Islet 
^faza^eth  Bank,S.W.P 

—  v.  E.  P. 


Lat 
D.  M. 

23  SOS 

21  46 

16  2 

15  43 
15  43 
15  10 
14  31 
13  31 
13  45 
12  23 
25  7 
25  25 

22  28 
21  28 
21  25 
21  20 
18  26 

17  40 


17  3 
17  30 
16  20 
12  64 
12  20 
12  15 

11  32 

12  30 

10  15 

13  16 
9  33 


46 
46 

57 


9 
9 

8  26 

9  10 
9  13 
628 
5  40 

5  10 

6  20 

3  20 
5  30 

4  35 
4  19 

3  58 

4  55 

7  4 
7  16 

20  52 

20  10 
19  40 


13  41 
16  5 
16  37 
16  47 
16  47 
i:^  41 


Long. 
D.  M. 

44  OOE, 

43  60 
15  16 

46  6 

46  28 

47  6 

47  45 

48  9 
48  23 
48  54 

44  16 

40  37 
40  8 

42  36 
36  12 
44  15 
40  15 

43  7 

44  5 

44  8 

45  14 

43  50 

44  34 
43  25 

46  50 

43  50 

46  20 

45  46 

47  16 

48  20 

50  20 
50  42 

47  12 

48  10 
50  58 
39  46 
39  46 

53  45 

54  30 

54  40 
56  59 

55  35 

55  47 
54  42 
54  9 
52  49 
52  49 

56  29 

57  30 
63  34 


61  15 
59  47 
59  40 
59  34 
59  31 
61  15 


Sandy  Island 

Galega  or  S.  Roquepiz, 

mid. 
Saya  de  Malha  Bank  ) 
limits  .         . ) 

Fortune  Bank 
John  de  Nova 
Providence  Island 
Coctivy  Island 
Chago3  Archipelago 

—  Diego  Garcia         \ 

—  Pitts'  Bank  | 

—  Centurion's  Bank    . 

—  Ganges  Bank  . 

—  Owen's  Bank  . 

-s-  Egmont's,or  Six  Isl- 
ands    . 
— T  Danger  Island 

—  Eagle  Island    • 

—  Three  Brothers 

—  Peros,  Banhos  Isl'ds. 

—  Saloman's  Islands 

—  Sandy  Islands 
Speaker's  Bank 

Pona   Molubtfue  AtoU, 
S.P.    . 

—  N.  W.P. 

—  N.  E.  P. 
Addon  Island  (mid.) 
Suadira,  southern  group 

South  Reef     . 

—  South  Island   . 

—  S.  W.  Island  . 

—  N.  W.  Island  . 

—  N.  Island 

—  Northern  group,  S. 

W.  Island     . 

—  N.  W.  Island  . 

—  N.  £.  Island   . 
Adoumatis  Atoll  . 

—  S.  W.  extremity 

—  Southernmost  Island 

—  Island     . 

—  N.  W.  Island  . 

—  N.E.IsUnd    . 
Collomandous  Atoll 

—  South  Island  . 

—  Long  Island    . 

—  N.  W.  extremity 

—  West  entrance   of 

Coll  Channel 
Molucque  AtoU  • 
Nillmandoufl  AtoH 
Poulisdons  AtoU  . 
An  Atoll,  W.  P.  . 
Male  AtoU  or  Maldivlft, 

S.  E.P. 
Gafer  Island 
Todu  Island 
CordiTia  Island    . 
Malosfl  MadoU     . 
Pfidipolo  Aton>  8.  P 


Long. 

D.   M. 

D.    Ai. 

15  62S. 

55  23E 

10  25 

36  39 

11  30 

62  20 

8  18 

59  :'S 

7  13 

57  40 

10  15 

51   12 

9    9 

53  00 

7  14 

56  32 

7  39 
7  14 

72  33 

739 
650 

71  35 

7  39 

70  53 

7  26     70  60 

646 

70  12 

637 

71  34 

6  31 

71  18 

6  10 

71  23 

6    9 

71  35 

5  33 

71  53 

5  83 

73  20 

6  17 

72  37 

5  00 

73  36 

0  41 

73  20 

0  34 

73  12 

0  83 

73  25 

0  31 

73  35 

0    9N. 

73  15 

0  11 

73  IS 

0  18 

73    4 

0  88 

73    3 

0  34 

r3  s 

048 

73  19 

0  51 

73  20 

0  58 

73  33 

1  60 

73  37 

1  49 

73  33 

1  51 

73  38 

3    7 

73  35 

8    9 

73  46 

3  13 

73  81 

3  31 

73    8 

3  30 

73    8 

3  10 

73  SI 

8  58 

73  45 

8  18 

73  18 

386 

73  44 

4  47 

73   i 

4  13 

nu 

4  46 

»40 

4  43 

73  14 

500 

73  36 

5  00 

73  12 

5  13 

73  32 

TABI£  XLVI.    Latitudes  and  Longitudes. 


£77 


■* 

rTi.  1 

Long. 
D.    M. 

-TST 

Long. 

D.  M. 

D.   M. 

D.  M. 

Mflla  Doue  Madou      . 

6   -SN. 

73  13E.  ^ 

ChowrjI.    . 

8  28N 

.93  12E. 

Tilla  Dou  Matis,or  head 

TerrcsmLN.  P. 

8  22 

93  17 

of  the  Islands,  north- 

• 

—  S.  P.       . 

S  12 

93  21 

ern  Umit  . 

7*6' 

73  7  : 

'  Katchan,  W.  end 

7  54 

93  29 

Noncowry  1.  &  harbour 

8  00 

93  41 

Minicoy  or  Malicoj     . 

8  17 

73  18     i 

\  Camorta,  N.  P.    . 

8  15 

93  42 

^ 

;  Tillangchonglsls.  N.  P. 

Is  33 

93  46 

Seuvelli  Islands,  south- 

: 8  22 

93  46 

ern          .        . "       . 

10  00 

n  36 

Meroe  L     .        .  *     . 

7  29 

93  46 

—  Northern 

10    6 

72  39 

LitUe  Nicobar,  N.  P. 

7  26 

93  52 

—  Southern  extreme 

-S.  P.-    . 

7  13 

93  46 

?, 

Reef    . 

9  54 

72  34 

Great  Nicobar,  N.  P.    . 

*7    8 

93  55 

1 

1 

1 

KaJpeni  Islands,]^, P. 

Courutee  Island 
Pittie  6and  Bank 
Underoot  L 
AucuttaL    .       ..•      . 

10    4 
10  10 
10  34 
10  48 
10  48 
10  51 

73  56 
73  66 

73  00 
72  51 

74  00 
72  31 

-S.  P.      .         .       .. 

6  45 

94  00 

XLII.  Tk  Islands  ofSmuUra,  Java,  BU- 
lingtm,  Gaspar,  Boncff,  wilh  tU  adjor 
ctntlslmds  and  SiraiU. 

l.at. 

Long. 
D.    M. 

1 

BingaroL    . 

10  55 

72  36 

D.    M. 

^ 

ringaro  I.    . 

10  55 

72  38 

Acheen     . 

5  34N. 

95  26E. 

Ameni  I.      .         .        . 

11     6 

73    8 

Golden  fountain 

5  27 

95  49 

i^ermuJpar  I. 

11     9 

72  28 

Pedir  Poiit 

5  29 

96  10 

Cardamum  I.  (mid.) 

11  14 

73  12 

Elephant  Mountain     . 

5     3 

96  50 

blicapeni  Bank  (mid.) 

11  15 

74  20 

Tooloo-Ssnwoi  Point  . 

5  13 

97  22 

Kittanl.      • 

11  29 

73  24 

Diamond  Point  . 

5  18 

97  ^ 

Bctrapar  I. 

11  35 

72  34 

Tai^ODg  )ou      . 

1     5S. 

104  30 

Chittael.    . 

11  42 

73    4 

Batacarai;  Point 

2  00 

104  53 

Cherbaniano  Bank  (not 

Fourth  P«nt       . 

2  20 

105  15 

explored) 

12  20 

72  16 

Third  Poit 

2  23 

105  32 

Second  Pint      . 

2  41 

105  41 

Angrias  Bank,  N.  P.    . 

16  38 

72    8 

First  PoU 

3  00 

105  58 

-S.P.       .        .        . 

16  18 

72    8 

HogPoin 

5  54 

105  63 

Bale  of  Cotton  Rock 

Flat  PoiE 

6  00 

104  40 

(doubtful) 

5  IS 

88  20 

BUlimbinBay   . 

5  54 

UMeme'sReef(doubt) 

1  20 

94  20 

Bencoont 

5  35 

104  25 

Preparis  Island,  N.  P. 

14  56 

93  40 

Cawoor   * 

4  56 

103  25 

to 

14  49 

93  40 

Manna  Bint      . 

4  33 

102  53 

1 

Great  Coco  i.N.  P.     ! 

14    8 

93  26 

Butfalo  bint 

3  53 

102  30 

>Q 

—  8.P.       . 

14     2 

93  26 

BENCOLEN    (Fort 

LitUe  Coco  L      • 

13  58 

93  20 

Marlbrough) 

3  4S 

102  28 

. 

Landfall  i.  .        . 

13  39 

93    8 

Caytonc  . 

3  29 

102  14 

Great  Andaman   . 

Moco-Mco 

2  34 

101  26 

1 

—  Cape  Price,  N.  end 

13  34 

93    9 

.  Indrapor  Point 

2    6 

100  55 

—  8.  £.  point      . 

—  Port  Comwallifl 

11  30 

92  56 

2  Padaoglead      . 

0  66 

99  6S 

13  18 

93    3 

i  PrianBi   . 

0  40 

99  53 

—  Port  Chatham 

11  41 

92  50 
92  39 

§NaUl      .         . 

0  30N. 

98  40 

—  Port  CampbeU 

11  56 

Tappenoly 

1  40 

98  40 

RaUand,LS.P.  . 

11  24 

92  47 

Tappsoi  . 

2  00 

97  57 

Interriew  I.  N.  F* 

13     1 

92  46 

Sinkel  Iver 

2  13 

97  22 

-S.P.        .        .        . 

12  47 

92  41 

Trounade 

2  46 

97  44 

iNortk  Centinel    . 

11  33 

92  24 

Point  hbon 

3    2 

97  22 

South  or  Little  Centinel 

11  00 

92  27 

Point  TimpotTuon     . 

3  15  • 

97  16 

Five  Islands,  S.  P.        . 

11  17 

92  66 

South  Illy  Pow 

3  22 

97  11 

Sistenh  southern 

11  10 

92  58 

Muctfe    . 

3  28 

97    4 

^ 

Brotheipsynonbem 

11  00 

92  55 

Labo^nUadje     . 

^  32 

%  59 

LitUe  Andaman,  N.  P. 

10  53 

92  38 

Min«fn     . 
Nortl  'ally  Pow 

3  35 

96  55 

—  S.E.P.  . 

10  26 

92  40 

3  86 

96  56 

Tang^angar 

3  38 

96  66 

lovisibla  Bank,  N.  P. 

11  27 

93  41 

Soosf       . 

3  42 

96  50 

4 

-8.  P.      .        .        . 

10  56 

93  40 

QualtbUttoo    . 

3  43 

96  43 

--FlatRoek 

11     8 

93  40 

Cape  nix 

3  43 

96  27 

Barren  Island      • 

12  16 

93  54 

Anahbo  . 

4    9 

96    6 

1 

Narcottdam  -      • 

13  24 

94  12 

1           ,1 
Pulojlbodo 

6    4 

95  14 

5 

Car  Nicobar 

9  10 

92  66 

PulortUf 

5  49 

96  23 

i  Btnr  Maloe 

8  46    »93    1    1 

PuldBra^se 

5  42       96    6    1 

TABLE  XLYJ.    Latitudes  and  Lon^tudes. 


Pulo  Rajab 
N.  Cocoa  Islands  lying 
.  N.  W.  of  the  North 

point  of  Hoc  island 
Hog  Island,  N.  P. 

—  S.  P.     . 
Coral  Bank 
Burgh  Rock 
Shoal,  10  feet     . 
Casttereai^h  Skoal 
North  Pulo  Daa 
Passage  Island     . 
Bird  Island       .  . 
Lucotta  Island    . 
Londisc  Shoal  (N.N.E. 

^  E.  •  from  Lucotta, 

dist.  2^  leagues) 
Mcnsular  Island 
PuloDua  . 
Pulo  Nyas,  S.  P. 
Pulo  Tamong 
Pulo  Panjang 
Clappe's  Island,  middle 
Pulo  Mintaon,  or  Batao 
Pulo  Ayer  Beyar 
Se-bcero  or  C.  Fortune 

I.  N.  P. 
-S.VV.  P. 
Sc-pora  or  South  Pora, 

N.  W.  P. 
-S.  P.  . 
NorthPoggyUl.  N.  P. 

—  S.P.      . 

South  Pocgy  Isl.  N.  P. 

—  S.  P.     . 

r.aagc  or  Larg  Islands 
fiat  Island  • 

rricste  or  Rec&  Island 
i'ulo  Pisani; 
Liitle  Fortune  Island 
l^ngano  orDeceitLN.P. 

—  E.  point 

—  S,  E.  point     . 

—  S.  point         . 

—  W.  point 


Lat. 
D.    M. 

4  40N, 


lava  Head 
:  irst  Point 
Second  Point 
Third  Point 
Vnger 

Vantam^rSt.  NicholasP. 
^antAm 

J  ATA  VI  \  Obser?atory 
^^arawang  Point 
»edary  Point 
*oint  Pamanoekan 
A  oerden  Castle  Rock 
VinccssCharlotte  Shoal 
ndramaye  Point 
'ulo  Rackit. 

iumkin*s  Island  or  out- 
er Shoal  .         .  5  47 
-^heribon  Mountain 
>ggal 


3  2 
2  58 

2  2$ 

3  31 

2  47 

2  48 

3  5 
2  59 
2  21 

54 
51 


Long. 
D.   M. 


5: 

3S 

24 

0  32 

0  2^ 
0  U 


ss 

2i 
2^ 

5^ 

41 


2  OC 
2  2fl 
2  32 
2  52 

2  5a 

3  201 
3  30 

3  51 

4  3 
8 

54 
15 
22 
30 
31 
21 


48 
44 

6  36 
6  27 
6    3 

5  53 

6  5 
6  9 
6    1 

5  59 

6  11 
6    2 


95  52E. 

96  4 
96  32 

96  42 

97  26 
97  S3 
97  6 
97  39 


98;i0 
97  52 

97  21 

98  40 
98  30 

97  30 

98  7 
100  17 

98  38 

99  2 

99  33 

99  58 

100    5 

100  13 

100  15 

100  34 

101  U 

102  23 

101  22 
104    6 

104  38 

102  25 
102  40 
102  38 
102  29 

02  19 

105  11 
105  13 
105  21 
105  40 

105  54 

106  2 
106  10 

106  52 

107  12 
107  27 
107  49 
107  52 


5  58  il07  54 

6  15  {108  20 
5  66  ll08  22 


Taggal  Bock 
Samarang  flagstaff 

—  anchorage 
IVf  andalique  Island 
Lerang  Point 
Rambang 

Point  PankaorPaneo 
Sourabaye 
Cape  Sandana    . 
Balambonang  Bay,  Pt 

Goonog  Ikan 

—  East  point 
Turtle  Bay 

Tulan  orDirckVrie'sBay 
Wine  Cooper's  point 

Noesa  Baron  L  . 
Tangala  Islands,  largest 
Clappe's  Island,  about 

Mew  Tsland 

Peak  on  Prince's  Island 
Peak  onCrocatoo  island 
Peak  on  Tamarind  Isl. 

or  Pulo  Bessy  .  5 

Pulo  Sebooko      .        .  5 
Cap  ...  5 

Button       .         .         .5 
Thwart-the-way  . 
Zutphen  Islands  (laig- 
s      est)  N.  P.      . 

South  Watcher 
CQ  Maneater's  Island 
'^  Pulo  Baby 

Thousand  Islands,  N. 

Pruysen'sDroogte  shoal 

Armuyden  Bank 

North  Watcher  . 

Three  Sisters      . 

North  Island       . 

Two  Brothers,  northern 

Lynn  Shoal 

Shabunder  Shoal 

Brouwer's  Shoal 

LuceperaiS  ent.StB«nca 

Nanka  Islands     . 


.16  5C 


108  23 

'108  26 
m  14 


I 


Lat 
D.   M. 

6  468. 
6  57 
6  53 
6  22 
635 
6  49 

6  52 

7  15 

7  49 

8  23 
8  46"" 
748 

7  50 
728 

8  38 

5  26 
7    4 

643 

6  35 
6    8 


56 
53 
69 
51 

55 


Banea  Island 

—  South  Point   . 
— Tanjong  Paigong  or 

Point  Lataiy 

—  Monopin  HIU  • 
TaiOon|[  Geontittg 

—  Taiyong  Muneooda, 

N.  ofBanca 

—  Tai^ong  Tuan 

—  Songy  Leat  Bay 

—  Tanjong  Ryah 

—  Goonong  Maraaa 

Mount 

—  Tai\iong  Breket 

—  Rocky  Point  . 
Entrance  Point,  .or 

S.  E.  P.   . 


5  50 
5  41 
5  54 
548 
5  2S 
5  17 
5  13 
12 
44 
5  41 
5  9 
5  12 
5  9 
5  5 
3  12 
2  25 


3  6 

2  49 

2  00 

43 

1  28 
38 
50 
55 

53 

2  36 
266 


3  8 


Long. 
D.  M. 

110  85E. 
110  24 

110  54 

111  27 

111  19 

112  34 

112  48 
114  22 

114  25 
114  33 
109  4S 
lOe  12 
106  36 

113  35 
112  26 
105  29 

105  15 
105  15 
105  25 

105  28 

106  26 
105  57 
105  57 
105  51 

105  47 

106  43 
106  30 
106  14 
106  18 
106  47 
106  48 
106  32 
105  48 

105  49 

106  5 
106  13 

105  58 

106  14 
106  10 
105  48 


106  40 

106  4 
105  14 
105  20 

105  51 

106  6 
106  9 
106  14 

105  59 

106  52 
106  54 


106  54 


le 


TABLE  XLVI.    Latitudes  and  Lon^tute. 


27! 


,    Lat 

Long. 

a  M. 

Long. 

D.   M. 

D.   M. 

D.   M. 

Essex  Shoal  or  Fairiie 

BintangLN.  W.P.     . 

1   ION. 

104  19e. 

Rock     . 

3  27S. 

107    2E. 

Johore  Shoal      . 

1  18 

104    4 

Vansittart's  Shoals 

3  11 

107    2 

Shoal  ent  Rhio  Straits 

1    8 

104  11 

3    6 

107    8 

PuloBattain,N.  E.P. 

1  22 

104  00 

Pulo  Leat  or  Middle  . 

2  51 

107    5 

1  10 

104    4 

Alceste  Shoal      . 

2  46 

107    2 

St  John's  I.  S.  P. 

1  14 

103  51 

Shoal  Water  Island     . 

3  20 

107  13 

Rocky  Reefs       .   2,  ■  . 

1    9 

103  55 

South  Island 

3  00 

107  15 

Middle  Island     . 

1  13 

103  46 

North  Island      • 

2  58 

107  15 

Coney  Island      . 

1    9 

103  41 

General  Hewitt's  Rock 

2  53 

107  14 

Buffalo  Rock      . 

1    9 

103  48 

2  54 

106  56 

Rocks 

1    6 

103  45 

Polo  Glassa  or  Gasper  I. 

2  25 

107    6 

Red  Island 

1    6 

103  38 

Tree  Island 

2  28 

107  00 

Tree  Island 

1    8 

103  36 

33 

Wairen  Hasting's  Shoal 

2  23 

106  57 

Alligator  bland  . 
Rocks 

1  10 

103  40 

BelTidere's  Shoal 

2  15 

107  00 

1  12 

103  36 

Vansittart's  Shoal 

2  11 

106  46 

Little  Carimon  . 

1    8 

103  24 

HUlsborongh  Shoal      . 

2    3 

106  22 

^' 

GreatCarimon,N.P.  . 

1    7 

103  21 

Magdalen's  Shoal 

1  56 

107    1 

The  Brothers      . 

1  10 

103  21 

Severn's  Shoal    . 

1  40 

106  26 

PuloCocob         /      . 

1  19S. 

103  25 

Billiton  Island,  S.  £.  P. 

3  22 

108  15 

Pulo  Pisang 

1  28 

103  16 

—S.W.  Point    • 

3  15 

107  36 

Water  Islands,  or  Four 

— N.  P.     . 

2  33 

J07  53 

Brothers,  S.  P. 

2    4 

102  20 

N.W.  Island  oflTBOliton 

2  35 

Fisher's  Island     . 

2  13 

102  12 

Shoe  Island  (formerly 
Bird  I.  and  White  R.) 

Bambeck  Shoal  . 

2  37 

101  41 

3  47 

108    2 

Pulo  Callam  or  Colong, 

Fox  Shoal 

3  32 

110    4 

S.  P.      . 

2  56 

101  16 

Pttlo  Mancap 

P.  Mancap  Shoal,  S.  P. 

3    5 

110  11 

Two  and  half  fathoms 

3  22 

110  11 

Bank     . 

2  54 

101    4 

Discovery's  West.  Bank 

3  39 

108  43 

Round  Arroa      • 

2  49 

100^9 

—  Eastern  Bank 

3  33 

109  10 

Blenheim's  Shoal 

3    3 

101    2 

—  Reef     .        .        . 

3  36 

108  48 

Long  or  Great  Arroa   . 

2  52 

100  44 

Osteriy's  North  Shoal  . 

3  19 

108  40 

Two  Brothers,   Pulo 

Cirencester's  SandBank 

3  17 

109    5 

Pandan 

3  24 

99  54 

-Shoal    . 

2  54 

108  58 

—  PuloSalanama 

3  21 

99  52 

Montaran  Islands  south 

2  35 

Pulo  Varela 

3  47 

99  36 

■—  Eastern 

2  31 

108  52 

Pulo  Jarra 

4  00 

100  14 

—  ToekoekemoQ  (high- 

Sambilang 1.  Southern 

4    3 

100  35 

est  Isl.) 

2  31 

108  36 

Dinding  I.  W.  P. 

4  16 

100  35 

Minto  Rocks      . 

2  14 

109  61 

Prince  of  Wales' L  Fort 

f>ntario*s  Shoal  • 

2    1 

108  39 

ComwaUis 

6  24 

100  21 

RendesEvous  I,     . 

244 

110    3 

si 

Pulo  Pera 

5  42 

99    1 

Souroutou,  W.  P. 

1  42 

108  41 

8 

Boonting  I.  Southern  . 

5  45 

100  18 

i 

Carimata  I.  Peak 

1  36 

108  54 

1 

Pulo  Bonton  (Dome) 

6  33 

99  20 

Pulo  Papan 

1  28 

109  26 

Pulo  Ladda,  S.  P. 

6    8 

99  42 

§ 

1  12 

109  14 

TrottoLN.  P.  . 

6  49 

99  39 

3 

Massa  Teega  Isles 

0  55 

109  18 

Sangald  or  Guilder  Rock 

7  10 

98  50 

^ 

Grelg's  Shoal      . 

0  55 

108  39 

Pulo  Telibon 

7  14 

99  29 

The  Brothers 

7  31 

98  20 

TheSeven  Islands»N.  W. 

1    8 

105  34 

Pulo  Rajah  or  P.  Taya 

736 

98  20 

PuloVarelaorBaiallah 

054 

104  20 

Junkseylon,  S.  P. 

7  46 

98  20 

Pulo  Taya 

The  Calantigas  . 

0  45 
0  35 

104  58 
103  51 

XLm.  Islands  and  ShoaU  m  thi 

,  CWXJ. 

Ilchister  Shoal    . 
Lingin,  Taajong  Eang, 

0  26 

105    2 

fiJM. 

Lat 

Long. 

8,  E.  ext. 

0  20 

105    4 

D.   M. 

D.   M. 

East  Domino  Island . 

0  10 

105    4 

St  Barbe  Island 

0    7N. 

107  15E 

Direction  Island 

0  15 

108    5 

Dogger  Bank  . 

0  48N. 

104  58 

•*; 

Pulo  Datoo 

0    7 

108  36 

Rhio          .        .        . 

0  57 

10130 

1 

Welstead's  Rode 

0  32 

107  55 

Eastern  Island  off  Pulo 

St  Esprit  Islands,  E.  . 

034 

107  13 

. 

Panjang 

064 

104  56 

1 

Qrwn  island! 

0  43 

107  30 

^ 

Island       .        .        . 

048 

104  51 

St  Julian  Island 

054 

106  48 

{ 

llMPee  Brothers,  south  . 

0  31 

103  44 

Tambelan  Islands,  East 

1 

Pedro  Branco     . 

1  20 

104  96 

or  Great  I. 

1  00 

107  35 

1 

Islanda  off  P.  Romaine 

1  23 

104  20 

Gap  Rock 

1  19 

107  35 

ft 

B]ntanfrL(thehiU)    . 

1    2 

104  30 

Eurppe  Shoal 

1  12 

107  26 

s&o 


TABL£  XLVl'    Latitudes  and  Longitudes* 


Lat.     Long.    |    | 

-Tsr 

long. 

D.    M. 

D.    M. 

D.   M. 

D.    M. 

Rocky  Island 

1    9N. 

107  14E. 

Round  Island  or  Great 

Camer*  Hump    . 

1  10 

106  55 

Catwick 

10    6N. 

108  52t. 

Saddle  Island      . 

1  16 

107    4 

Puto  Ceicer  de  Mer     . 

10  32 

108  63 

French 'White  Rock     . 

1  S% 

106  32 

Minerra's  Bank 

lU  37 

110  18 

Victory  Island     . 

1  34 

106  22 

AcSistee  Rock     . 

1  3^ 

106  21 

InTestigator's  Coral 

White  Rock 

2  18 

106  36 

Patch     . 

14  12 

112  52 

Macedonian  Reef 

2  26 

105  32 

Triton's  I.  or  Bank  S. 

South  Anambas,  li-  (  . 
mits           .         •  (  • 

2  18 

106    8 

W.  part 

15  45 

111  11 

2  40 

106  30 

PassooKcah  (Sandy  L) 

16    3 

HI  45 

Pulo  Domar 

2  45 

106  27 

Bombay  Merchant's 

Middle  or  G.  Anambas, 

Shoal,  E.  P.     . 

16    4 

112  38 

W.  limU 

3    9' 

106  41 

— S.P.      . 

15  59 

112  26 

■*; 

North  Anambas  . 

3  27 

106  15 

Discovery  Shoal,  W.  P. 

16  11 

111  32 

3 

Pulo  Tingy 

2  17 

104    8 

-E.P.     .         .        . 

16  16 

HI  46 

g 

Ex.  Islet  ofTP.  Tingy  . 

2    8 

104  11 

Jehangire's  Coral  Bank  16  18 

112  35 

1 

PuJo  AOR  or  Wawoor 

2  29 

104  36 

Vulador'sShoal,E.P.  .16  19 

112    7 

Pulo  Pisang  or  Pambee- 

-W.P.  .         .        . 

16  18 

112  00 

Ian        :        .       •• 

2  37 

104  21 

Crescent  Chain  . 

Pulo  Timoan,  S.  P.      . 

244 

104  16 

—  Money's  Island 

16  28 

11130 

-^N.  P.    . 

2  54 

104  16 

—  Robert's  Island       . 

16  31 

111  34 

—  Bay  on  S.  W.  side  ; 

2  48 

—  Pattle's  Island 

16  33 

111  36 

—  N.WctoffN.W.side 

266 

-3 

—  Drummonds's  Island 

16  29 

HI  44 

PuloVarcla 

3  16 

103  47 

S 

—  GoTcrnor   Duncan's 

Pulo  Brala  or  Capas  de 

,^ 

Island 

16  27 

111  40 

Tcrre     . 

4  47   • 

103  37 

^ 

—  Antelope's  shoal     . 

16  27 

111  S5 

Pulo  Capas  de  Terre    . 

6  16 

103    8 

Observation  Bank  N.P. 

16  37 

111  41 

St.  Pierre  Islands 

1  66 

108  53 

Pyramid  Rock    . 

16  35 

112  37 

■T 

—  Ledge  of  Rocks 

1  53 

108  62 

Lincoln  Isbind    * 

16  41 

112  42 

1 

Larkin's  Reef     . 

2  11 

109  16 

Rocky  Island      . 
Woody  Island     . 

16  52 

112  20 

1 

South  Haycock  Island . 

2  13 

108  67 

16  50 

112  IS 

] 

South  Natuna's  Islands 

AmphitriteIshuid5,W.P. 

16  59 

112  IS 

—  South  Island  or  Sa- 

-E.P.     . 

16  54 

112  23 

1 

pata       . 

2  28 

109    8 

North  Shoal,  W.P.     . 

17    5 

111  26 

~  East  Island    . 

2  42 

109  26 

-E.P.     .        . 

17    6 

111  32 

—  VVest  Island  . 

2  42 

108  40 

—  North  or  Flat  Island 

3    3 

108  64 

Macclesfield  Bank,  li-^ 

15  17 

113  44 

Low  Island 

300 

107  49 

mits         .         •      { 

16  21 

114  54 

Hutton*s  Shoal   . 

3    2 

107  57 

Scarborough  or  Mar-  ( 

15    4 

117  44 

Diana  Shoal 

3    9 

107  44 

8ingolaShoal,1imits( 

15  13 

117  53 

North  Haycock  Island 

3  20 

107  36 

St  Esprit  Shoal  (by  Lt 

Grand  or  Great  Natu- 5 
na  I.  limits  .         .  ( 

340 

108  26 

Ross)     . 

19  30 

113    6 

4  13 

108    6 

—  (by  Asseveldo) 

19    6 

119    5 

—Peaked  Island 

364 

108  10 

Pratas  or  Prater's  Shoal 

Pyramidal  Rocks 

4    6 

107  24 

i 

N.  E.  P. 

20  47 

116  54 

—  N.  W.  Island 

4    7 

107  62 

1 

—  N.W.P. 

20  45 

116  42 

—  Coral  Reef     . 

4    1 

107  50 

< 

—  Anchorage     . 

20  43 

116  43 

—  ComlReef    . 

3  57 

107  47 

—  Island 

20  43 

116  45 

North  Natuna  Is.  S.  P. 

4  42 

107  68 

Great  Ladrone  . 

21  57 

113  44 

-N.P.    . 

4  49 

108    2 

[The  Islands  near  Can-* 

—  Rock  above  Water  . 

4  39 

107  67 

ton  are  given  in  No. 

—  Saddle  Island 

4  33 

107  46 

XL.andinNo.XLVL  J 

—  Success  Shoal 

4  26 

107  67 

Pedro  Branco     . 

22  19 

115    S 

PuloOby    . 

8  26 

104  64 

Lamock  Islands,  outer- 

Th^ Brothers  (eastern) 

8  36 

106  18 

most 

23  14 

117  19 

Puto  CONDORE 

S  40 

106  42 

Charlotte's  Bank 

7    5 

107  39 

«s 

Andrade  Rock  (very 

Phcton  Bank      . 

700 

107  29 

^ 

doubtful) 

966 

111     4 

Royal  Bishop's  Bank    . 

9  44 

108  21 

Luconias  Bhoals 

Britto's  Bank,  N.  B,  P. 

10  32 

107  56 

1 

~  Hard  Rocks  . 

5d4 

11S» 

HoUond's  Bank,S.W.P. 

10  36 

108  32 

—  Two  Fathom  Shoal 

5    6 

llt« 

„ 

-  N.  E.  p: 

10  48 

108  47 

1 

—  Dry  SaHd 

4  67 

112  30 

PuloSAPATA    . 

10    1 

109    2 

ft, 

Sea  Horse  Reef 

6  35 

112  28 

Pyramid  Rock  or  Litflc 

^ 

—  Half  Moon  Breakers 

8  46 

116  30 

Catwick 

10    9 

109  00    ioo- 

10  67 

117  68 

I^ABLB  XLVi.    Latitudes  and  Longitudes. 


Paraquas,  5  or  6  leagues 

from  Palawan  . 
Eupbrates  Shoal  . 
Kirton's  Shoais    . 

—  ditto 

Louisa's  Breakers 
Mantannaoe  Tsies 
Barton's  Shoals  . 
Royal  Charlotte's  Roeks 

—  Sands     . 
Swallow  or    Investigar 

tor's  Rocks 
Viper's  Bank 
Breakers 
Ardasier's    large  coral 

flats  and  gaps   . 

—  W.P.  (Walpole, 
Gomwallia  and  A.) 

—  N.  E.  P.   (Walpolb 
and  A.) 

E.  P.  (Ardasier) 

—  S.  P.  (PennsyNania 
and  A.) 

GloQcester  Shoal 

Stag's  Shoal 

Prinee  of  Wales  Bank 

limiu 
London  Breakers 

—  Reef,  western  . 

—  do.  eastern 

—  Breakers 
ditto 

Ganges  Breakers  . 

—  ditto 
InvestKator'sShoalW.P 

—  Shoal     . 

—  Shoal      . 

—  Coral  Roeks 
ditto 

CaTallo  Marino's  Shoal 

—  ditto 
—^  Black  Rocks    . 

Bank 

—  White  Sand    . 
Low  Black  Island 

o"  Friendship's  Shoal 

Hardwick's  Reef*'    (or 


Lat. 
D.   M. 


9  ION. 

5  38 

6  39 
6  49 
6  80 
6  39 
6  55 

6  57 
10  47 

7  S3 

7  30 

8  00 


7  56 


Dolphin's) 

—  Breaker's*  (ditto) 
Royal  Captain's  Shoal 
Bombay's  Shoal   . 
Dolphin's  Reef**  (or 

Hardwicke's) 

—  Breakers* 

—  Breakers*  (ditto) 

—  Great  Reef,  N.  P.* 

—  Long  Island*  .;v- 

—  Breidiers* 

—  First  Island*   . 

—  Ledge*   . 

—  Brewers* 


7  30 

7  47 

8  24 
8    3 

8  13 

9  36 
8  55 

8  48 
7  33 

7  32 

9  22 
10  30 

8  5 

8  10 

9  12 
10  44 

9  40 
9  42 
6  54 

8  31 

9  39 
10  18 

10  48 

11  1 
5  52 
600 

9  54 

10    2 

9    4 

927 

959 
9  45 
10  8 
10  7 
10  17 
10  22 
10  35 
10  40 
10  46 


Long. 
D.  M. 

117  2dE. 
113  24 
113  15 
113  2 
113  18 
116  7 
116  0 

113  38 

114  29 

113  44 

115  7 
115  25 


113  12 

114  24 
114  47 

114  34 
114  50 
112  57 
110  24 
110  34 
112  26 
112  00 

112  24 

113  14 

113  8 

114  12 

115  10 
114  35 
114  51 
no  32 
114  34 
113  4 

113  15 

114  18 
114  21 

114  68 

115  7 
115  13 

115  17 
112  34 
112  49 

112  17 
112  12 

116  43 
116  65 

112  17 
112  30 
112  15 
112  9 
112  35 
112  31 
112  38 
112  47 
112  47 


*  The  longitudes  of  these  places  ought 
pr^^jy_tobe  increased. 


Breakers* 
Falmouth's  (or  Essex) 
low  Island*) 

—  Bank>or  Gossard's  B. 
Essex  (or  Falmouth) 

low  Island* 
Gossard's  Reef  (orMId^ 

dleburs  R.)  . 
-r  Small  Island  . 
Cornwailis  Breakers 

ditto       .         . 
Ssbut  Jung  low  lidand 

—  Bank      . 
Gaspar  Shoals 

Sooth  Sea  Castle's  San 
dy  Islands  and  dan 
gem,  limits  (by  Lieut. 
Ross) 

— do. 

Two  lelands 

An  Island  (Investigator) 

An  Island        ditto 

A  Reef 

Discovery's  Reef   .    j 

York  Breakers 
Pennsylvania  Breakers 

—  ditto 

—  ditto  (Viper's) 

—  ditto 
ditto       .        » 

—  ditto  (Fanny) 

—  ditto 

—  ditto 

—  ditto       fc        ♦ 

—  ditto 

—  ditto 


Lat. 
D.  M. 
11  ION. 

10  68 

11  «6 

11     2 


Lo 

D. 

112 

112 
114 

112 


8S8 

111 

10  42 

113 

10  00 

114 

8  49 

114 

11  32 

113 

11  34 

113 

1136 

113 

11  29 

114 

11  21 

114 

11  27 

114 

11  8 

114 

10  44 

114 

10  15 

113 

10  00 
10  8 

113 

9  50 

117 

8  17 

114 

848 

115 

8  58 

115 

9  4 

115 

10  00 

115 

9  45 

114 

9  32 

116 

9  47 

116 

9  62 

116 

10  23 

116 

10  49 

117 

XLIV.    ItUmds  and  ShoaU  between 
tiaaadjitew  Guinea,  South  of  th 
Ubes. 


Carimon  Java 
Lubeck  or  Babianlsland 
Arrogant's  Shoal 
Madura  I.  N.  W.  P. 

—  N.  E.  P. 
Pondy  Island 
Great  Solombo  L(Hill 

onS.  E.P.) 
LiUle  Soloinbo  I. 
Arentes  Island     . 
Little  Pulo  Laut  (mU.) 
Four  Brothers,  sunken 

islands     k 
Urk  Island  ,        f 
Kangelang  or  Caogay- 

ang  I.  N.  P.     . 

—  S  P. 

—  S*.  E.  I.  or  Basting's 
Island 

Kalkoon  Islands,  north' 

ern,  about 
Four  small  islands  mid. 


/   -v^J  V_/ V  ' 


Lat. 
D.  M. 

5  50S. 

6  49 

5  12 

6  53 

6  53 

7  1 

5  38 
5  24 

5  10 
4  51 

7  00 
7  15 

6  53 

7  19 

6S6 

6  10 

7  11 


Lo 
D. 
110 
112 
113 
112 
113 
114 

114 
114 
114 
115 

114 
115 

115 
115 

116 

115 
115 


M  m  TAir. 


IBl 


TABLE  XLVl.    Latitudes  and  LoDgitodea. 


D.  M. 

168 

38 

34 

.7  36 

6  42 


16  32 
46 

6  66 
8 
16 


.6 


Great  Paternoster's  Is. 

—  S.W.L 

—  S.I. 

—  Two  loir  isknds 

—  E.  P. 
Postillion's  islands,  N 

W.  P.      . 

-  Eastern  Island 
ditto,  8.  P.      . 

Noesa  Sera  Islands 

Noesa  Comba,  about 

S.Bank  off NoesaComba  5  46 
Caloeoh\|  orRotterdam  I  5  15 
Hen  &  Chickens,  8.  P.  5  28 
Zalinaffor  Saflanaffor 
Laer*8  I.  .        .  6  31 

-Coral  Bank  off  ditto, 
8.  P.    .        .        .  5  64 

-  ditto,  E.  P.      . 

—  ditto,  W.  P.    . 

—  Five  Fathoms  Bank  5  62 
TonjrnIslands,S.  W.1.6  31 

—  E.  I.  .  .  .  6  31 
Shoal  .  .  .  6  27 
Tanakeka  or  Tnnikik  |.  5  34 
Brill  Shoal,  N.  P.  .6  00 
-S.  P.  '  .  ..6  6 
Mansfield  Shoal  .  *6  46 
Middle  Island  ,  .5  40 
Salayer  I.  N.  P.  .6  49 
Cambynal.  8.  P.         .5  30 

—  Peak  .  .  .  5  21 
Soatfa  Island  .  .  5  40 
Hegadis  Island  .  .  6  13 
Bouton  Island,  S.  P.    .5  48 

—  Town      .        .        .  5  87 

—  N.  E.  Point    .        .  4  23 

—  Calansoese  Harbour  4  65 

—  East  Point  .  .5  15 
Token  Bessy's  Islands 

—  Wangiwangl,  N.WI.  5  15 

—  Pinnunko.  8.  P.       .6  14 

—  Velthoens  orKoko  1. 6  58 


—  ditto 
St  Matthew's  Islands, 

(mid.)     .        .        . 

iamalakiee  I.  <N.  W. 

Toninl.) 
Schiedam  Islands,  N.W, 
~8.E.      .        .        . 

—  Shoal      . 
Kalatoa  Island     . 
Alfred's  Shoal 
dagger's  Reefor  Banga- 
lore Shoal,  about 

—  ditto,  another   esti- 

mate   . 
Angelica's  Shoal  • 

—  ditto,  iaother  esti 

mate 
RoMlUtfiopLusaRlyl. 
(<uaa  Linguette  or  Bo- 

sagalet  I. 

he  Three  Bastards 


6  10 
6  18 

6  41 

7  1 
7  13 
7  27 
7  18 
7    9 

740 


.7  35 
i- 

.740 
8  17 

8    6 
8  14 


Lon 
D.   B 

17 

17  J6 
17  80 

17  66 

18  40 

18  48 

19  16 
19  6 
17  9 
17  9 
17  00 
17  36 

17  54 

18  85 


18  86 

17  63 

18  80 
18  36 

18  46 

19  5 
19  84 
19  8 
19  00 
80  13 
80  88 

80  88 

81  1 
28  30 
23  40 
88  44 
88  48 
83  4 
83  II 
83  15 

83  83 

84  I 

84  48 


84  16 

80  14 
20  28 

20  66 

81  13 
81  40 
81  36 

81  13 

81  46 

21  68 

88  18 
81  38 

88  00 
38  41 


^  Bally  Island, 
OOE.  ^  —  Table  Pointor  8.  P. 
""        ,— Vokiano 

-N.E.P.  .        . 

BallyStraits,  S.  ent 
'  shoal  near  the  andbor- 
age  at    Balambuang, 
bears  S.W.^W  from 
the  flagstaff,  distant  { 
mile  from  shore 
Mynder's  Rocks  .        .  7  41 
Banditti  Island    .        .  6  46 
Lombock  1.  8.  P.  about  8  60 

—  Peak,  near  N.  E.  P.  8  81 

—  North  Point  .  .  8  ii 
Lombock  I. 

—  isles  near  N.  W.P.  8  13 

—  Ampannan  RiT.  ent  8  33 

—  Loboagee  or  Bally 
Town  .  8  48 

Selonda  Island  .  .88 
PoloMigoorMayoN.P.  8  7 
Flat  Island  .  .  .89 
Sandboy's  4  Shoals,  <  7  48 
limits  .      >    7  56 

SumbavaLS.  W.  P.    .   9    S 

—  Timor  Tung  I.  (off 
N.  W.P.)   *    /     ,8  81 

—  SumbaTa  Bay         .  8  87 

—  Tumbora  Mountain     8    9 
-Biema  Bay,  nigged 
point  .   8  il 

—  ditto,  rocky  point    .  8    8 

—  Sapy  Bay,  anehorage  8  30 

—  S.  E.  Point  .  .  8  48 
Goonong  Apee  I.  Peak  8  11 
Comodo  Island  .  .  8  88 
FloresorMangenrel. 

S.  W.  P.  about        .  8  60 

—  S.P.about      .        .9  00 

—  Lobetobie  Vofcano       6  38 

—  N.  P.  Floras  Head, 
or  Iron  Cape    .        .85 

StraitsofFlores,  3.en.  8  40 
Sandal  Wood  I.  N.F.      9  16 

—  BhifforWestP.      .  9  48 

—  S.  extremity    .        .  10  28 

—  E.end    .        ,        .10  00 

—  Padewawy  or  Bar- 
^  lug's  Bay  .  9  37 
8aTu  Island  .  10  37 
New  Island  .        .  10  46 


Pulo  Comba  or  Cambay  7  49 
Lomblen  I.  Peak  (on 

N.W.P.)  /  .8  18 
—  E.  Point  .  .  8  14 
PantarI.N.E.P.        .  8  10 


is: 

D.   M. 

8  608. 
884 

8  18 
8  60 


Eaat  Island,  Str.  of  Akw  8  80 
Middle  Island,  ditto 
OmbayorMallaoI. 
N.  W.  P. 


—  E.P. 
Rotto  orRottel. 


s.w.y; 


883 

8    9 
8  17 

tlluyg 


116    8EJ 

116  84 
116  43 
114  40 


114  88 

115  16 

116  00 
116  26 


116  59 


116  33 

117  44 
117  31 
117  85 
117  13 
US  3 
116  48 

116  67 

117  84 

117  43 

118  61 

118  36 

119  3 
119  14 
119  5 
119  37 


181  30 


Its  8 

193  3 

119  00 
lt0  80 
190  35 

190  to 
198  00 

191  3 

193  41 

183  58 

184  00 
184  6 
184  00 
183  65 

IM  97 
186  16 
189  65 


TABLE  XLYI.    Latitudes  aod  Longitudes. 


£88 


[                                         Lat    1 

Long. 

■■ 

-Tsn 

h""^: 

D.M. 

D.  M 

D.M. 

D.  M. 

—  BoocaBayonS.aidc 
Timor  Ifland,  S.  W.  P. 

10  46  S. 

123  20E. 

Cape  WUUam 

2  34S. 

118  58£ 

10  23 

123  30 

Cape  Temoel  or  Samsa, 

-kw.p'.    ; 

3  —  Peak 

10    9 

123  35 

0    8 

0    IN. 

119  26 

9  41 

124  11 

Cape  Donda 

0  48 

119  57 

^  —  N.  W.  Point  . 

9  24 

123  55 

i 

Cape  Rivers 

1  15 

120  34 

—  Tulycaon  Bay 

—  Batto-gady     .        . 

—  Point  nearest  Ombsy 

9  12 
8  57 
3  39 

124  23 

124  55 

125  13 

Manado 
Cabe  Coffin 
Lftanca      . 

1  28 
1  42 
I  52 

125  4 
125  24 
125  24 

—  Ditty  or  Diely 

—  East  end 

8  35 

125  40 

Kama  Milage      . 

1  22 

125  19 

8  21 

127  15 

Castican  Bay 

0  48 

125  00 

Pulo  Batto  . 

9  16 

124    5 

Goonong  Telia  Rirer    . 

0  28 

123  15 

Pulo  Cambing  or  Pas- 

Cape  Talabo 

0  48S. 

124  12 

8  21 

125  39 

Weyirongy  Isl.  about    . 

4    3 

8  11 

125  43 

Waxway  Island,  mid.    . 

3  34 

123  14 

Wetter  Jsland,  E.  P.    . 
—  fulo    Baby,    near 
«.  W,  P.       .        . 

746 
5 

126  54 

Cambyna  I.  Peak 
Middle  Island 

5  21 
5  40 
5  33 

122  1 
120  28 
120    9 

Qoottongapy  or  Bnm- 

D<!^Iiiand  .' 
KiMer  bland 

6  35 

126  40 

Waller's  Shoals  and 
Laurel  Rocks,  limita( 

430 

117    7 

7  41 

126    3 

4  37 

117  15 

800 

127    7 

Noesa  Sera  Islands 

5    2 

117    9 

Pulo  Jackee  or  Noosa 

Noesa  Comba      . 

5  15 

117    9 

Nessing   . 
Letteel.W.  P.    . 

8  19 

127  18 

1 

Shoai  off  Noesa  Comba 

526 

117  00 

8  16 

127  46 

Little  Pulo  Laut  I.  mid. 

4  51 

115  53 

Roma  Island 

7  39 

127  30 

1 

Lucapfai-hay  or   Luee- 

pera  I.     .        .        . 

Turtle  Islands,  eastern 

5  40 

127  21 

Island 
Dwaalder  Island  . 

4  25 
4  12 

116  3 
116  21 

5  25 

127  38 

O" 

Royal  George  Shoal     . 

4  17 

116  30 

Cerowa   Island,   about 

6  10 

129  53 

% 

Two  Brothers      . 

4  26 

116  32 

Babber  Island,  about    . 

7  25 

130  4U 

?£. 

Great  Pulo  Laut,  N.E.P 

3  21 

116  41 

Timor  Laut,  S.  P. 

8  15 

131  60 

5Q 

—  N.  P.      . 

3  11 

Arroe  Islandj  S.  est. 

9  00 

135  00 

—  S.  IsL  off  the  S.E.P. 

4    7 

The  Three  AUke  Islands 
Dry  Sand  Bank   . 
Triangle  Islands,  mid. 
Little  Paternosters,  S.P. 

3  39 
3  37 
3    3 

116  54 

117  48 

XLV.     Borneo,  CeUbu,  Luconk 

,  voUh  the 

117  53 

MdjueerU  Jslandi  and  Shoids,  < 

\s  Jar  east 

2  50 

as  Jfew  Guinea. 

-  E.  P.      . 

-  N.  VV.  P. 

2  10 
2    8 

117  68 

Lat. 

Long. 

117  42 

D.M. 

D.  M. 

Pamaroong  or  Dondre- 

TaA)ongSambar,SW.P. 

2  53S. 

110  14E. 

kinLS.P.       . 

0  54 

117  36 

—V     --9                           ' 

1  16 

110    7 

Seven  Islands       . 

0  32 

119  43 

Tanjong  Faetie    . 

1  16 

109  35 

Pontiana  or  Lews,  R.en. 

0    2N. 

109  12 

Banguey  Peak 

7  19N. 

117    6 

^  Point  Mampava  . 

0  17 

168  58 

Balambang  I.  N.  Haib. 

7  16 

116  58 

§  -lackooRoad 

1    4 

BalabacL  (Hill) 

7  69 

117  00 

1  Rirer  Sambas,  entranee 

1  13 

109    3 

Mangsee  Islands  . 

St    Michael's  Islands. 

7  32 

117  16 

^  Taniong  Apee 

1  55 

109  24 

Taniong  Datoo    . 
BORNEO  Boad  . 

300 

110  36 

(Bangcawang) 
Toob-Bataba  Shoal 

748 

118  40 

600 

114  38 

800 

119  37 

Pulo  Teega . 
Abai  Harbour 

6  38 

116    7 

Palawan,  W.  end 

824 

117  14 

6  21 

110  15 

-  N.  P.     . 

11  30 

119  37 

Keeney  BaUoo  Moun- 

• 

Ragged  Island      .        . 

11  16 

119  21 

tain 

6    5 

116  40 

Cagayan  Soolo    . 

700 

118  36 

r^^^y^. 

Soolo  Island,  Town 

6    1 

121  12 

7    1 

110  46 

Takoot    Paboonoowan 

Point  Unasang    . 

5  17 

119    2 

Shoal       . 

6  15 

121  32 

1    5 

119  10 

Pangootaran  I.     . 

6  15 

120  40 

Riter  Passier,  entiaaee 

164S. 

116  30 

BelawnLE.P.    . 

6  00 

122    4 

Ragged  Peint      .       . 
Shoal  Pobit 

2  10 

116  48 

Tapeantana  Island,  E.P. 

M4 

122    8 

236 

116  47 

Tamook  Island    . 

6  28 

121  56 

Point  Salalan,  8.  P.     . 

4  10 

114  42 

i 

Mataha  Island,  S.  P.    . 

«3» 

121  50 

3Q 

PeelasLN.  P.    . 

6  41 

121  45 

Po4ntUyk,S.W.P.    . 
lM4CASSARTowtt     . 

5  37 

119  33 

1 

Ballook  Ballook  . 

6  47 

121  60 

5    9 

119  36 

Basilan,  L  E.  P.  .        . 

6  30 

22  30 

*CapeMandhar     . 

3  35 

119    9     1    ISantoCruz  L  ^yu  t.uu%'^^**i^ 

X'^*  I-  _ 

SS4 


TABLE  XLVI.    Latitude?  and  Lon^tudes.. 


.   TmT 

Long.        . 

Tsr 

TTSSr 

D.  M. 

D.  M. 

' 

M.D 

D.  M. 

Sangboyi  or  Harems  Lips 

6  48N. 

121  41 E. 

Group  of  Islands,  S.  P. 

12    Sti. 

120  23E 

Teyngtt  Island 

6  52 

121  43 

N.  P.       . 
Turret  Island 

12  17 
12  22 

120  10 

Catanduanes  I.  S.  P.     . 

13  38 

124  16 

North  Rock 

12  27 

120    4 

C.  del  Espiritu  Santo. 

1 

Mindoro  I.  S.  P.  . 

12  11 

121  22 

N.  E.  P.  Samur  1.     . 

13  40 

125  38 

—  Point  Oongaa  or 

St  Bernardino  Island  . 

12  46 

124  38 

1 

Pandan 

12  48 

120  58 

Tieao  I.  Port  St  Jacinto 

12  34 

123  34 

^ 

—  Point  Calavite 
Luban          , 

13  27 
13  44 

120  20 
120  18 

ManUla 

14  36 

121    2 

Goat  Island          .        [ 

13  51 

120    7 

CaTite 

i4  29 

120  65 

Babuyan  Islands 

i 

Ent  Manilla  Bay 

14  28 

—  Lapurip    or  Dalu- 

1 

Point  Capones 

14  52 

120    3 

peri  I.  . 
—  Fuga  or  New  Babu- 

19  15 

121  34 

s 

Two  Slaters  Islands      . 

15  50 

119  47 

f  oint  Boliano 

16  27 

120  00 

ynn  I.  . 

19    1     121  43    1 

Dape  Bajador 

18  42 

121  00 

—  Camiguinl.     . 

19    4 

122  IM 

Point  Cavnaion    . 

18  48 

121  14 

Babuyan  Iskinds, 

[^ape  Enganno     • 

18  39 

122  21 

—  Guinapac  Rocks      . 

19    5 

122  25 

Mauban 

14    8 

121  44 

—  Didicas  Rocks 

19  12 

122  31 

Cape  St  Ildefonso 

15  25 

121  46 

—  Claro  (or  Old)  Ba- 

buyan • 

19  37 

122  17 

1 

Samboongan 

6  63 

122  14 

—  Calsyanl.       . 

19  28 

12i  46 

Point  Balagonan  . 

1  51 

122  24 

Bashee  Islands 

Suriago  ? illage,  near  N. 

—  Baliotang  or  Rich- 

.2 

Point 

9  47 

125  25 

mond  Isles  . 

19  68 

122  84 

5= 

Cape  St  Augustine,  S. 
E.  P.        .        .        • 

. 

—  Sabtang  I.      . 

20  14 

122  i8 

6    4 

126  48 

•5 

—  Bashee  I. 

20  14 

122    9 

South  or  Serangi  Point 

5  39 

125  32 

J 

—  Goat  I.  . 

20  15 

122    7 

Mindanao    . 

7  10 

124  35 

»5 

—  Batan  or  Monmouth 

;j 

I.  S.  P. 

20  17 

128  15 

Negros,  South  Point    . 

9    6 

123    3 

1 

—  ditto  Mount,  N.  P. 

20  23 

128  81 

—  Point  Sojoton 

9  50 

122  32 

—  Grafton  or   High 

Dagayanes  Island:*,  mid. 

9  34 

121  23 

Round  I.      .        , 

20  34 

122  13 

Panay  I.  Point  Nasog, 

—  Bayat  or  Orange  I. 

20  37 

128    7 

1 

S.  P.     . 

10  25 

122    6 

North  Bashee,  High  I. 

21     3 

128    8 

—  Asloman  village 

10  32 

122    6 

—  Northernmost  I.      . 

21     9 

188    8 

(X, 

—  PointPotoborN.P. 

11  48 

122    2 

Gadd's  Reef 

21  43 

181  43 

Dty  Sand  Bank    . 

11  24 

121  54 

Cumbrian's  Reef,  doubt- 

Sombrero Rock    . 
White  Rock 

10  45 
10  28 

121  37 
121  21 

ful,  probably  the  same 
as  Gadd's  Reef 

21  35 

181  45 

Cuyos  Islands 

Little    Botel    Tobago 

—  Quiniluban  (North- 

Xlma       ,        .        . 

21  66 

181  45 

em  Island)   . 

U  28 

121  11 

Botel  Tobago  Xima      . 

21  59 

181  43 

—  Grand  Cuyo   . 

—  Southern  1.    . 

10  52 

121  21 

Veie-rete  Rocks   .        . 

21  42 

180  58 

10  40 

121  31 

Formosa  L  booth  Cape 

i\  54 

181  00 

Caravos  or  Buflalos      . 

U  53 

121  48 

Bctscy'8Bank,6  fathoms 

11  42 

120  57 

Gomano  Island    . 

1  56S. 

187  38 

Ylin  Islands,  S.  P.  off  S. 

Llssamatula  I.  S.  E.  P. 

1  46 

r^6  38 

P.  Miodoro 

12    9 

121  15 

\uiib  Btssey,  3.E.P. 

2  28 

185  58 

Coral  Shoal,  West   of 

-  N.  E.  p:     .     . 

1  58 

ditto,  about 

12  11 

120  57 

i 

—  N.  W.P. 

1  58 

186  48 

Apo  Bank,  S.  P.  . 

12  36 

120  33 

XuUa  Mangola,  W.  end 

1  43 

185  81 

—  E.  P.      . 

-  N.  P.     .        .        . 

12  40 
12  45 

120  36 
120  31 

1 

Greyhound  StraiU     | 
Haycock  LoffS.  W.P. 

1  40 
1  56 

184  30 

aq 

—  b.  W.  P.  (Islet)      . 

12  40 

120  29 

—  West  or  Great  Ulet 

12  39 

120  28 

H 

Xnlla  Talaybo  . 

1  68 

184  36 

**: 

—  discovery  Bank 
Coron  Island 

12  40 

120  43 

Skelton*8  Ishind.  on  N. 

11  46 

120  12 

W.P.  ditto      .        , 

1  45 

134  36 

lirecn  Island 

12    3 

119  40 

Middle  Island      . 

1  45 

184  88 

^ 

Haycock 

12    9 

U9  51 

Albion's  Island    , 

1  53 

184  19 

' 

Pinnacle  Rock     . 

12  18 

U9  64 

Bouro  Island,  N,  W.  P. 

3    6 

185  57 

N.  W.  Rock 

12  23 

U9  55 

—  N.  ext  .       , 

3    % 

Sail  Rock    . 

12  22 

119  56 

—  N.  E.  F. 

3  15 

187    5 

Busvagnon  £.  N.  P.      . 
CaiaviteorHighl.       . 

12  19 
12  21 

119  56 
119  56 

—  Ci(^orBoiirQB^ 

—  South  Point    .        . 

324 
3  49 

127    4     1 

m 

_^^__                          * 

AmUaw  Island    . 

3  62 

187  14     1 

5W— 

TABLE  XLVI.    Latitudes  and  Longitudes. 


£8; 


1    Lat.    1 

Long. 
D.   M. 

-Tsr 

Long. 
D.   M. 

D.  M. 

D.  M. 

Manipa  bland     .       . 

3  17S. 

127  88E. 

Tidore  Mountain 

0  40N. 

127  22E. 

Bonoa  L  about    . 

3  00 

127  56 

—  N.  E.  end        .        . 

0  46 

127  34 

jj 

Geram  I.Seeal  orS.W.P. 

3  31 

127  56 

Ternate  Island     . 

0  49 

127  30 

5 

—  KeMing  or  £.  P.      . 

3  56 

131  10 

Tyfofe  Island       . 

0  58 

126  27 

^ 

—  Waroo  Bay     . 

—  Old  Lamata  or  Flat 

3  25 

130  40 

Meyo  Island 

Morty  or  Mortay  I.  (N. 

1  22 

126  39 

Point 

2  53 

129  42 

Cape)       . 

2  44 

128  25 

—  Sawa  Bay 

2  51 

129    6 

Banca  Island,  Peak      . 

1  52 

125  24 

e 

l^euwardcD  Island 

3  20 

130  58 

Tagalondo  . 

2  23 

125  36 

DQ 

—  Sboal      . 

2  56 

130  43 

Bejaren  Island,  Peak    . 

2    6 

125  34 

^ 

ororam  I.     .        .        . 

400 

131  44 

Siao  I.  S.  Point   . 

2  40 

125  35 

i 

Matlabella  Islands 

4  21 

131  52 

—  Peak  '    . 

2  43 

125  35 

AMBOINA  I.  Fort  Vic- 

Sangir Island,  S.  end    . 

3  21 

125  46 

toria         ..        . 

340 

128  15 

—  Watering  place    on 

Noesa  Laut  L      . 

340 

128  52 

VV.side 

3  28 

125  44 

Banda  Island,  aachorage 

4  31 

130  00 

—  N.cnd    .        .    ,    . 

3  46 

125  38 

LookUong  or  Landscape 

Glatton's  Rock     . 

3  60 

125  66 

Ld.P.    , 

1  46 

128  10 

SalliboboorToulorlsls. 

PuloGasses,  S.  P. 

1  41 

128  20 

—  KabruangS.P. 

3  47 

126  55 

Kekik          .        .        . 

1  33 

128  37 

—  Tulour  or  Karkalang 

Pulo  Pisang 

1  23 

128  53 

N.p.  .     .    : 

4  25 

126  44 

Horsburg's  Rocks 

1     8 

128  20 

Meangis  or  Menangus  I. 

5  00 

127  17 

1  12 

129  18 

Serangi  Islands,  S.  P.   . 

6  20 

125  35 

Weeda  Islands     . 

0  40 

128  25 

—  PeakonW.W. 

125  32 

KaRary  IsIands^Grand  C 

1  44 

129  42 

—  N.  P.      . 

5  31 

125  43 

—  Efbe  Harbour 
Pulo  Popo,  8.  E.  P.      . 
Battanta  I.  Cape  Cam- 
bo,  w.  p.        .       . 
Fisher's  Island     . 

2  12 

1  12 

0  66 
0  56 

129  52 

130  25 
130  23 

XLVI.      From    GtfJVTOJV  io   KAMT 
SKJiTKA,  mlh  the  adjactnt  Jtlanda  mu 

.    Lat. 

Long. 

Waygecooe  I.  S.  £•  P. 
or  Point  Pigot . 

D.  M. 

D.    M. 

0  21 

131  18 

CANTON  . 

25    7N. 

113  14E 

—  Ofiak  Harbour 

0  00 

130  50 

Mir>sBay    . 

22  27 

114  30 

—  Boni  Road 

0  00 

131  12 

Single  Island  or  Chueng 

Amsterdam  I. 

0  19 

132  15 

Choir 

22  25 

114  40 

Fow  or  Faux  Island 

0    6 

129  28 

22  31 

114  61 

Gagy  I.  about 

0  25 

130    3 

Fokoi  Point 

22  33 

114  53 

6eby  I.  N.  W.  end      . 

0    4N. 

129  19 

Pedro  Braneo 

22  19 

116    8 

Syangl.      .        .        . 
Eye  Island 

0  22 

129  55 

Point  Shalong-Tow 

22  39 

115  35 

0  24 

129  53 

1 

'< 

Point  Tengmee    . 

22  46 

115  50 

Islet  E.ofPulo^oar   . 

0    9 

128  58 

22  49 

116    7 

Catharine's  Islands 

0  39 

129  11 

O 

A  Black  conical  mount . 

22  52 

116  11 

Canton  Packet  Shoal    . 

0  35 

128  65 

Breaker  Point      . 

22  67 

116  31 

Ormsbee's  Shoal 

0  46 

Cape  of  Good  Hope 

23  14 

116  50 

Ditto  soundinn  15  Ath. 
Yowl  or  Aiou  Islands    . 

0  42 

130    3 

Small  round  Island 

23  26 

116  60 

Lamo  or  Namo  I.  W.  P. 

23  28 

117  00 

—  Aiou,  the  largest  Isle 

0  25 

131  00 

-  N.  E.  P. 

23  32 

117  13 

-N.W.Island 

0  38 

131     8 

Lamock  Ishind,  S.  west. 

23  17 

117  21 

—  N.  £.Islaad   .        . 

0  36 

131  16 

The  Brothers,  southern 

23  32 

117  48 

—  Reef  North  part 

0  41 

Chapel  Island 

24  1] 

118  20 

Asia's  Islands,  S.\V.  Isle 

1  00 

131  17 

Amoy  Harbour    . 

24  20 

118  16 

—  N.E.  Island    . 

1    4 

131  23 

Chin-Chew  Bay 

24  54 

118  40 

Gilloto  h  tL  end 

2  23 

Lamyet  Islands,  south  . 

24  59 

119  34 

—  Ossa  Village    . 

0  45 

128  22 

Ting-hoy  harbour 

26  10 

119  57 

—  Maba  Village 

0  53 

Heysan  or  Black  Islands 

28  53 

--Islet  near  Pulo  Moar 

0    9 

123  58 

Quesan  Is.  S.  eastern    . 

29  22 

121  62 

--PointentStntttsPa- 

Chusaut.     . 

30  26  ' 

121  42 

tientia  . 

0  13S. 

127  45 

Nankin 

32    6 

119  00 

g 

—  CocoanutPtor8*P. 

0  46 

Tchinsan  Islands 

30  20 

122  36 

1 

Batchianl.  S.  E.P.     . 

0  48 

128    S 

Shang-Tung  Promonto- 
ry, S.  P.        .        . 

•^ 

Amsterdam  Island 

0  20 

127  5a 

37  00 

122  41 

^ 

KayoorCayoLS.  P.  . 

0    1 

127  23 

-N.P.      .        .        . 

37  26 

122  45 

—  N.P.      .        . 

0    7N. 

Cape  Zeu-ou-Tau 

37  36 

121  28 

NegoryKalam,  N.P.   . 
Wo  f  Rock 

0  88 
0  30 

127  3r 
127    6 

Ten-choo-Foo  City 

37  48 
39    1 

120  32 

121  1 

« 

Tidore  Island,  $.  est   . 

0  34 

127  24 

jKeusen  Is.  northern     . 

38    8 

120  44 

SS6 


TABLE  XLVL    Latitudes  and  Longitudes. 


TS- 

D.    M. 

SI  64N. 
85  11 
85  18^ 
25  11 
n  19 


I 


Lat. 
D.   M. 

38  59N 


Pekin  River,  anchorage 

atPeiho  . 
High  Peaked  bland,  S. 

W.  ext  Corea  .        .  34    5 
Cape  Clouard  .  36    5 

Sanpon  .  37  44 

remalBay  .        .45  13 

Suffiren  Bay  .  47  6l 

Cape  Lesaeps  .  .  49  30 
Castrie'8  Bay  .  51  29 

Vai^oas  Point  .  .52  7 
BaydeLangle  .  .47  49 
Bayd'Estaing  .  .48  59 
Monneron  Island .  .46  80 
La'Dangereuse   Rock  .  45  47 

Cape  Crillon,  (ent  Pe- 

rouse's  straits)  .  45  54 

Cape  Aniwa         .  •  46    8 

^ape  Lowenom  .  .  46  23 

Bay  Mordwinoff  .  46  48 

Cape  Tonyn         .  '46  60 

Point  Siniavin  .  .  47  16 
Mount  Spenbergor  Ber 

nizet        .        .  .47  33 

Point  Muloi&ky  .  .47  58 
Cape  Alexander  Dal' 

rymple     .  .48  21 

Cape  SoinsonofT  .  .  48  52 

River  Neva,  entrance  .49  I*'' 
Gulf  Patience,  North  P.  49  19 
Robber  bland  Reef  N. 

E.P.    .        .  .48  86 

--S.  W.P.         .  .48  28 

Cape  Patience      .  .  48  52 

Cape  Billinghausen  .49  35 

Mount  Tiara        .  .50    3 

Cape  Ratmanofi*  .  .  50  48 

Cape  Croyere       .  .  51  00 

Downs  PcHnt        .     .  .  51  53 

Shoal  .        .        .  . 52  30 

VVurst  Point         .  .  52  57 

Cape  Klokatschef  .  53  40 

Cape  Lowcnstern  .  54    3 

Cape  Elizabeth  .  .  54  24 
North  Bay  .         ...  64  16 

Cape  Maria          .  .54  17 

Espenbcrg  Peak   .  .  54    4 

Cape  Golowgtscheff  .  53  30 

Cape  Romberg     .  .  53  26 

Cape  Chavaroff    .  .  53  39 

Jonas  Island  .  56  25 

Othottk       .  .  59  20 

Famsk         .  .  60  46 

Bolcheretsk  .  .  52  54 

Ca|9   Lopatka,  Kamt- 

skatka      .        .  .51    2 

it  Peter  and  St.  Paul  .  53  00 

Shipunskey-noas  .  53    6 

Nl^  KamUkatka  .  56  16 

Cape  Tschulkolflkoi  .  64  13 

East  Cape   .        .  .66    6 

Cape  Serdze  Eamen  •  67    3 

North  Cape         .  .  68  56 


Long. 
D.  M. 

118  OOE. 

25  15 
29  42 
28  55 
37  29 
139  45 
41  30 

41  69 

42  42 
41  24 
41  27 
41  11 

9 


41  69 
43  30 
43  40 
43  14 
43  33 

143  00 

42  20 

.42  44 

42  50 

43  8 

43  2 


44  33 
44  10 
44  46 
44  26 
43  37 
43  53 
43  43 
43  13 
43  29 
43  18 
43  7 
43  13 

42  47 

43  37 
42  18 

42  50 
41  55 

41  45 
41  26 

43  16 
43  12 
54  30 
56  42 

56  46 

58  46 

59  50 
62  00 
71  24W 
69  40 
71  49 
79  9 


Foimosa  I.  S.  Cape 

—  N.W.  Point 

—  N.  Point 

—  N.E.  Point    • 
Lamay  Island 
Pehoe  or  Pescadoie  Is. 

Southern  limit         .183    8 

—  High  Island,  S.  W. 
Kmit     .        .        .83  14 

—  Largest  bland         .  83  38 

—  Northern  limit  .  83  56 
Bank,  S.  E.P.  .88  58 
ditto,  seven  fathoms  88  51 

Pat-ehow  or  Madjlcose- 
mah  Islands 

—  Southernmost  I. 

—  Bluff  Point.  West 
ext.  Great  I.         ,  24  17 

—  KumiL  .        .        .84  88 

—  Eastern  I.Ty*pin«san  84  48 

—  Providence  Reef      .25    6 
Lieu-Chew  Islands 
— Great  Lieu-Cheiv,S.e.  26    S 

—  ditto,  adjacent  LN.P.  27  34 

—  Western  Island  .36  80 
HoapinsuL  .^  .25  44 
Ty«ao-yu-suL  /  .85  55 
Sulphur  bit.  southern    84  14 

middle    .  .84  48 

—  northern  .  85  14 
Group  of  four  Islands,)  89  30 

limits       .        .      >  29  40 

Pinnacle  Islands  .  .  29  43 

Ormsbee'sPeak    .  .89  40 

A  rock        .        .  .  30  45 

South  bland        .  .  31  30 

GottoL  S.  end.  .  .38  35 

Asses  Ears          .  .  38    3 

Quelpaert  I.  8.  P.  .  33  8 
Kiusiu  Island 

Cape  Tschinkoff  .|38  14 

Cape  Danville  .  31  87 

CapeNagaeff  .31  15 

Mount  Schubert  .  31  41 

—  Mount  Homer,  Peak  31    9 

—  Cape  Tschitschagofi 
S.  P.  .        , 

—  Cape  Tschesma  W.P. 

—  CapeKagulN.P.    . 

—  Mount  Unga,volcano 
Nangasky  harbour 

ent. 

—  Cape  Nomo  S.  P.  of 
Bay  Nan.      . 

Cape  Seurote 
Sanao-sima  Island  N.P. 

—  S.  P.       . 
Tenegasimal.  (middle) 
Volcano  I.  . 
Seriphos  I. 
ApoUoI. 
Julie  I. 
St.  Claire  I. 

idos  blands  N. 
E," 


D.  M. 
181  OOE. 
181  6 
181  34 
181  56 
180  87 


119  95 
119  45 

119  83 
119  1 


.  84  6  183  58 


183  45 
183  5 
185  36 
125  II 

188  IS 

187  17 
183  38 
123  47 
141  81 
141  18 
141  10 

185  15 

188  80 

130  5 
140  90 
J83  46 
140  00 
128  44 
128  37 

186  19 

131  41 
131  87 
131  11 
131  18 
130  88 

130  36 
130  8 
130  7 

130  14 

199  46 

189  48 
189  35 

131  00 

130  90 
130  17 
130  44 
130  14 
130  13 
189  54 


90  57 
31  84 
31  48 
31  43 

38  44 

38  35 
38  58 
30  48 
30  84 
30  83 
30  43 
3043 
30  44 
SO  87 

30  45 

31  30 


129  *8 


TABLE  XLVI.    Latitudes  and  LongUtides. 


d87 


» 

D.  M. 

D.  A\ 

-4 

-T3r 

D.    M. 

Long. 
D.   M. 

Raakok  Island      .        . 

48    8N. 

163  15E. 

VV    p.   .          .    '     . 

31  d6N. 

199  37£. 

Mussir  Island 

48  16 

153  15 

MeM-Sima  1.  S.  W.  P. 

31  36 

129  40 

Trap  Rocks 

48  36 

163  44 

-  N.  E.  P. 

31  49 

199  61 

CharamukaUn  I.  Peak 

49    8 

154  39 

NadeshdaRockB  . 

31  49 

199  33 

Poromnsehir  I.  S.  P.    . 

60  00 

155  94 

TwB  I.  S.  end      . 

34    6 

199  17 

--PeakFuss(3.W.P.)|60  15 

165  10 

-NorthPoint    . 
CoJnett*8  Island   . 

34  19 
34  40 
84  16 

199  30 
199  99 
199  66 

—  East  Point      . 

'50  98 

156    9 

XLVII.    JVfiFF  HOLUmD  and  the  ad\ 

Dageletl.  N.  E.P.      . 
Nipbonl.    . 

37  96 

131  99 

jmcaU  IsUmds  and  ShoaU.              \ 

Ut    .    Lone.  1 

1 

1 

—  South  Point    . 

38    5 

135  56 

D.   M. 

D.   Itf. 

—  Ca^  Noto      . 

37  36 

137  54 

Pedro  Braneo(Robrick) 

44  OOS. 

147  45E. 

—  A  Rocic 

37  36 

137  84 

South  West  Cape 

43  34 

146    6 

1 

—  Jootai-Sima     . 

37  61 

137  40 

Mew  Stone 

43  49 

146  98 

—  Jedo 

36  99 

140  00 

South  Cape  . 

43  38 

146  49 

—  CapeKennis  . 

37  10 

141  30 

Eddystone  . 

43  51 

147    8 

^  Zach'8  Mountain    . 

35  95 

139  90 

Sidmouth'sRock  . 

43  46 

147    9 

—  Ruisian's  Pramonto- 

Tasman'sHead    . 

43  39 

147  96 

ly,  S.  P.       . 

39  46 

139  44 

1 

D'EntiecasteauK's  Port 

43  32 

147    6 

-N.E,P.          .        . 

40  00 

Adventure  Bay     . 

43  91 

147  39 

—  Town     . 

40  50 

140    6 

Frederick  Henry  Bay  . 

49  58 

147  49 

^  Capo  Gamally 

40  38 

139  48 

^ 

Cape  Pillar 

43  19 

148    9 

—  PeakTUesius 

40  40 

140  11 

i 

Oyster  Bay  . 

49  49 

148    8 

—  Cape  Qnig     .        . 

41    9 

140    8 

1 

St.  Patrick's  Head 

41  48 

148  29 

—  Cape    Sangar   <ent. 

Cape  Portland 

40  49 

148  15 

StnttiiofSansar) 

41  16 

140  14 

s 

PortDalrymple    . 
Circular  Head     . 

41    3 

147  11 

Osima  Island 

41  31 

139  19 

^ 

40  43 

146  15 

Koaima  Island 

41  91 

139  46 

Cape  Grim,  N.W.Prom. 

40  41 

144  46 

Okosir  Island  (middle) 

42    9 

139  30 

West  Cape  or  Sandy  Pt 

41    4 

144  36 

Jesso  Island 

Macquarie's  Harbour   . 

49  19 

146  28 

Cajpe  Nadeshda  (ent  of 
Straits  of  Sangar)     . 

Point  St.  Vincent 

43  16 

145  55 

41  95 

140    9 

Port  Da?ey  . 

43  98 

146  00 

—  CapeSineko  . 

41  38 

133  63 

...i_ 

—  Mataumay  town 

41  39 

140    4 

Ent  to  Bank's  Straits  . 

40  38 

148  90 

—  Cape  OoU-Niaawa 

49  18 

139  46 

Fumeaui  klands, 

—  CapeKutnsoir 

49  38 

140    1 

40  95 

148  26 

—  CapeRayten  , 

49  67 

140  16 

—  Clarke's  I.  S.ezt 

40  34 

—  Cape  OkamaT,  S.  P. 

—  Cape  Taka-sima 

43  11 

140  13 

-  N.  Sister,  near  N.  P. 

43  91 

140  31 

of  Great  Island     . 

39  38 

147  56 

—  Mount  Rumoffiky   • 

42  60 

141  11 

Endeavour  Rock 

39  39 

147  36 

—  Cape  Malespina 

43  42 

141  18 

Kent's  Group 

The  Pyramid        .        . 

39  29 

147  17 

—  Cape  Schischkoff    . 
-- Pallas  Mountain      . 

44  95 

141  39 

39  48 

147  13 

44  00 

141  64 

Waterhouse  Island 

40  48 

147  32 

—  CapeRoiiiaaxoff(N. 

Hunter's  Islands  . 

Point)  . 
—  Cape  Soya     . 

46  26 

14134 

—  Black  Pyramid,  W. 

40  33 

144  29 

45  31 

141  51 

—  Albatross  I.  N.  West 

40  95 

144  35 

-^  Cape  Shaep    . 

46  91 

149  19 

King's  Island  N.  E.  P. 

39  36 

143  55 

Peak  de  Langle,    Rio- 

West  ent.  Bass's  Straits 

39  10 

143  30 

schery  I. 

46  11 

141  12 

Cape  Guibert,  Reiftin- 

Cape  Albany  Otway     . 

38  63 

143  30 

schery  N.  E.  P. 
Jenrire  Island      . 

46  98 

141    4 

Port  Philip,  ent.   .        . 
Western  Port 

38  19 

144  36 

44  98 

141  17 

38  31 

145  10 

Janikesseri  Island 

44  99 

141  99 

Wilson's  Promontory, 

S.  ezt     . 

39  11 

146  94 

Staten  Island,  8.  W.  end 

44  96 

147  9S 

RamHead  .        .        . 

37  69 

149  45 

—  Cape   Vfies,  (Vries 

i 

Cape  Howe 

37  30' 

160    7 

Straits)         .        . 

46  96 

149  43 

Cape  Dromedaiy 

36  18 

15#   9 

Company's  Island 

^ 

Jerris  Bay  .        .        . 

36    7 

160  52 

—  Cape  Shouten 

46  18 

150  58 

Red  Point   .        . 

34  99 

151  14 

—  North  end 

46  98  * 

15190 

S 

Botany    Bay.  entr.(C. 
Banks)     . 

. 

Marikan  I.  N.  end 

47  10 

163    6 

CQ 

34  00 

15t!KS 

South  end  (Bousole 

g 

Port  Jaekson,  ent 

33  50 

161  95 

StraiU)    .        .        . 

46  46 

169  39 

^ 

Brolcea  Bay 

33  34 

151  27    1 
169  10    1 

- 

Sarytscheiri.  Peak 

48    6 

163  19 

Port  Stephens      . 

39  43 

tM 


TABLE  XLVl.    Latitudes  and  Longitudes. 


Lat. 
D.  M. 

Long. 
D.M. 

D.M. 

D.   ft 

Cape  Hawke 

^%  13S. 

152  80E. 

Rieade  Plata       . 

38  50N. 

160  39E 

Smoky  Cape 

30  61 

158    7 

Reef  .        .        .        . 

32  00 

147  OO 

SoUtary  Islandi       .  | 

30    9 

153  21 

bland 

31  30 

140  00 

29  56 

Week's  Reef  36'N.E. 

Ctfpe  Byron 
Point  Danger 
Shoalfl  offditto    . 

S8    7 

153  30 

andS.W. 

it  16 

153    9 

88    7 

153  30 

Island 

31  00 

147    6 

28    7 

153  39 

Ganges  Ishind 

30  45 

154  25 

•» 

Cape  Morton 

Sboal  .... 

27    1 

168  23 

Bank  of  Soundings 

80  30 

177  30 

^ 

26  58 

153  28 

Island 

30  00 

137  <i0 

^ 

Sandy  Point 

24  42 

153  17 

Island 

30  00 

139  00 

^ 

Cape  Capricorn  • 

23  29 

151  00 

Island          .        . 

30  00 

141  30 

1 

KeppelBay 

Barrier  Reef,  S.  P.       . 

23  18 

150  36 

Island          .        . 

80  00 

143  00 

22  50 

152  36 

Island                 .        . 

30  OO 

144  94 

1 

Cape  Townaend  . 
Cape  Palmerston 

22  12 

150  11 

Rica  de  Oro 

29  54     157    3    1 

5i; 

21  27 

149  00 

Island 

89  40 

143  00 

21  00 

148  33 

Island                  .        . 

29  33 

187  00 

Cape  Conway     • 

20  32 

148  30 

Island         .        .  ^     . 

29  30 

143  00 

Cape  Gloucester 

19  58 

148    6 

Island         .        .        . 

29  00 

175  46 

Cape  Cleveland  . 
Cape  Sandwich    . 

19  10 

146  40 

CalunasL    . 

28  65 

168  00 

IS  16 

146    8 

ditto(another  aeeoont) 

28  53 

162  00 

Cape  Grafton 

16  61 

146  54 

Ishmd         .       .        • 

28  30 

176  50 

Cape  Flattery 

14  62 

146  18 

Patrodnio  Island  * 

27  58 

175  44 

Cape  York 

10  38 

142  33 

St  Juan 

27  13 

139  25 

New  Tear's  Island 

10  48 

133  18 

27  30 

142  48 

Vandieman's  Cape 
Red  Island,  off  P.  Val- 

11  12 

129  54 

Bassiosos  I. 

26    6 

178  97 

Island 

26    6 

164  36 

can 

15    9 

124  22 

Reef  .        .        .        . 

26    6 

iGooe 

MinstrePs  Shoal  . 

17  14 

118  57 

Copper  Island     .       . 

26  00 

131  48 

Greyhound  Shoal 

19  58 

114  40 

Tree  Island          .        . 

26  00 

145  44 

Clarice's  Reef  N.  of 

Lasher's  Island    . 

26  00 

173  24 

Rosemary  I.     . 

20  17 

bland 

25  58 

181  17 

Eastern  Rosemary  I. 

bland 

25  42 

131  13 

N.  E.  P.  .        .        . 

20  26 

Reef           .        .        . 

25  30 

152  50 

Western  ditto  N.  P.    • 

20  35 

115  40 

Bishop's  Rock      .        . 

25  92 

132  09 

Doubtful  Shoal    . 

21  37 

112  25 

North  Island 

i6  14 

141  14 

Piddington's  Islands     . 

21  36 

114  56 

bland 

25  12 

in  as 

Shoal  (land  of  N.  Hoi- 

Grampus  Iriand 

25  lO 

146  00 

land  in  sight  firom  the 
nasth<»^      . 

Sulphur  bland     . 

24  48 

1412ft 

20  15 

Kendrick'B  Rock 

24  90 

183  36 

North  West  Cape 
Dirk  Hartog's  Road, 

21  50 

114  25 

Marcus  Island     • 

24  18 

153  4 

24  00 

154  00 

ent  to  Shark's  Bay  . 

25    6 

113  15 

Dexter's  bbad    . 

23  24 

163     S 

Houtman's  or  Abrohlos 

Island          .        .        . 

23    8 

169  59 

Shoals     . 

28  30 

113  85 

Reef  ...        . 

22    6 

149  98 

Rottenest  Island  . 

31  58 

114  24 

Jardines 

21  35 

151  30 

Cape  Leuwen  or  S.  W. 

Parel  or  Peru  I.    . 

21  10 

141  40 

Cape       .        .        . 

34  22 

115    6 

Abregoes  Shoal    . 

21     1 

136  43 

Cape  Chatham     • 

35    3 

116  22 

Reef  .        .        .        . 

20  42 

158  00 

Cape  Howe 

35    9 

117  38 

Doittlas  Reef      .       . 
Lamuvl.    • 

20  32 

136  12 

K.  George  111.  Haihour 

35    6 

118    1 

20  30 

166  42 

Point  Hood 

34  23 

119  36 

bland                 .        . 

20  80 

159  50 

Termination  Island 

34  80 

121  58 

Bishop's  Rock     . 

20  16 

186  53 

Endeavour,  small  IsL 

36  27 

127    2 

Week'sorWUsoD'sI. 

19  21 

166  56 

Port  Lincoln 

34  48 

135  45 

Reef           ... 

19  10 

165  49 

Nepean  Bay 

35  44 

137  56 

Hateyon  L  . 

19    6 

163  33 

Endeavour  Shoal,   off 

Folger>sI.    . 

19  22 

155  15 

Cape  Jaffa 

36  58 

139  81 

Reef  ...        . 
Taryiin  I.  .        .        • 

bland'        '.       !       ! 

17    9 
17  00 
16  36 
16  00 

156  13 
160  00 
169  49 
171  49 

JWRTH  PJiCIFIC  OCEu 

Ut. 

D.  S 

D.  M. 

Pharos  blet,  northern. 

20  84 

145  43 

Aleootskia  I. 

Uiracas,  about    . 

20  20 

146  15 

—  Westermost    . 

—  Oonalaska 
B.ank(64fathnm.^ 

52  46N 

170  42E. 

Assumption  bhnd 

19  45 

146  35    1 

-^ 

58  54 

84  22 

166  22W 
178  80EJ 

18    5 

146  91    1 

^ABLE  XLVL    Latitudes  and  Longitudes. 


£89^ 


^ 

-Tsr 

Long. 

1 

Tsr 

Long. 
D.   M. 

D.    M. 

D,   M. 

D.   M. 

Bird  Island 

16  47N 

146  13E. 

Johannes     . 

6  55N. 

132  30E. 

Tinian 

16  00 

145  47 

Lion's  Island 

5  16 

132  13 

Guam,  Umatac  Bay 

13  il    ' 

144  20 

St.  Andrew's  Island 
Pulo  Anna  . 

5  20 
4  38 

132  16 
132    3 

Radack  chain  of  Islands, 

Pulo  Mariere 

4  19 

132  28 

▼iz. 

liord  North'3  1.   . 

3     3 

131  20 

Aour,  circular  group  of 

, 

Ganges  Shoal,  S.  W.  P. 

2  52 

131    7 

32  islands  extending 

^  N.  E.  P. 

3    6 

13123 

13  miles  N.  \V.,and 

Helen's  Shoal       . 

2  50 

131  41 

S.  E,  anchorage 

S19 

171  12 

Freewill orSt.  David's) 
Islands,  limiU    .     S 

0  49 

134  17 

Kaven  group   33  miles 

1     2 

134  30 

N.  W.  and  S.  E. 

^ 

—  Arakshcef  Island, 

(lirgestl.)    , 

8  54 

170  49 

Pelcw  Islands, 

—  Southern  Island      . 

8  29 

171  11 

—  Baubelthouap,  E.  P. 

7  41 

134  55 

Tchitchsgoflr,      circular 

—  Northernmost,  Ky- 

group  of  IslandsN.W. 

angle 

8    8 

134  50 

&S.E.  24  miles,  mid- 

—  Large  Reef,  part  dry 

8  18 

134  41 

die   .         . 

9    6 

170    4 

-S 

—  Southernmost,    An- 

Romanzoflf,         circular 

1 

gour     . 

6  53 

134  21 

group  of  66  islands, 

Matelotes,  N.  E.  I.      . 

8  34 

137  45 

E.&.W.30miles.&10 

a 

—  Southernmost 

8  19 

137  45 

miles  wide  inclosing  a 

■% 

Vap  or  Hunter's  I.N.P. 

9  40 

sea  12  mites   wide  & 

2 

-S.P.        .         .         . 

9  30 

138    8 

27  miles  long     . 

o 

Philip  Islands       . 

S    6 

140     3 

—  Odia  I.  eastern ;  an- 

^ 

Thirteen  Islands 

7  18 

h:  21 

chorage 

9  28 

170  16 

S 

Haweis'  Island     . 

7  .30 

1«6  28 

-g 

Legiep  or  Hayden  group 

9  51 

169  13 

|. 

Strong's  Island      . 

5  12 

162  58 

1 

Ailou  group,  15    miles 

Islands 

6  23 

153  24 

long,  6  miles  wide 

£ 

Islands 

5  47 

157  42 

1 

—  Krusenslem-Capeni- 

Islands 

6    9 

160  51 

us  1.  (northern)     . 

10  27 

170  00 

Islands 

6  17 

ir,9  12 

^ 

I.  t)u  NouTel  An  . 

10    8 

170  55 

'^ 

Hope's  Islands     . 

5  15 

165  12 

fi^ 

KutosofTorlTdirickgroup 

Baring's  Islands  . 

6  35 

I6ft  13 

separated  by  a  chan- 

Palmyra Island 

5  49 

162  29 

nel  from  a  southern 

Cluster  of  Islands 

9  .38 

161  26 

group  called  Souvor- 

Ditto        .         •         . 

9  56 

oflTorTagay,  extend- 

Brown's Range 

ing  N.  &  S,  25  miles 

—  Arthur's  Island,  N.  . 

11  43 

162  42 

—  Channel 

11  11 

169  50 

—  Parry's  Island,  S.     . 

11  19 

162  52 

Group  north  of  Kutosoff 
—  Millc       . 

6  16 

Margaret's  Island 
Lydia's  Island 

8  52 

9  4 

166  15 
165  58 

—  Medjuro , 

—  Amo 

7  15 
7  25 

Catharine's  Island 
Arrecife's  Island 

9  14 
9  36 

166    2 

161    8 

Bigar,  south  of  Kutosoff 

11  40 

Muskitto  Group,  low  ) 
and  dangerous   .  J 

7  20 

168  23 

7  47 

Pescadores  Is.  southern 

11  00 
n  20 

167  30 
167    2 

Peterson's  Island  . 

8  54 

166  35 

Chatham  Island    . 

9  20 

171  20 

Ralick  chain  of  Islands, 

Reef   .        .         .         . 
Calvert's  Islands 

10  00 

8  48 

179  21 
172  00 

extend  nearly  N.   & 

Ibbetson's  Islands 

8    6 

172    8 

S.  about  one  degree 
west  of  the  Radack 

Elmore  Islands     . 
Mulgrave's  Islands 

7  42 
5  54 

168  45 
172  39 

chain,  viz. 

Banham's  Island  . 

5  50 

169  48 

^ 

Ebon  group 

5  50 

167  15 

Cook's  Island        . 

1  IS 

171  57 

t^ 

—  Noamureck  I. 

5  30 

Hall's  Island 

0  54 

173    4 

Kuli  group  . 

6  40 

Reef   .... 

1  00 

179  34 

*v 

Helut  group 

7  30 

Pitt's  Island 

2  54 

lf4  30 

1 

Odia  group  . 

8  15 

Matthew's  Island 

1  50 

175  10 

Namou  group 

9  00 

Simpson's  Island 

0  26 

175  27, 

—  Litel  Island     . 

8  56 

Macasgill's  Islands 

6  12 

160  53 

—  Tebot  Island   . 

8  30 

St  Bartholomew 

15  10 

163  48 

Quadelon  group   . 

9  20 
10  46 

Comwallis  or  Smyth's 

Oudia-Milai  group 

Isles 

16  46 

169  99 

Radogala  group   . 

11  00 

Wake's  Island      . 

19  00 

166  46 

^ 

Bigini.  (northern) 

11  20 

167  15 

Lam^ra,W.Ptni^m7PHh^r 

So  24 

166  42 

^n 

t: 

IB. 

&do 


TABLE  XLVI.    Latitudes  and  Longitudes. 


tat" 
D.    M. 

t^ong. 
D.    M. 

D.   M. 

T=a 

Gasper  Island 

.16    3N. 

177  OOE. 

Massachusetts  bland   . 

22  28N. 

177    5W 

Gasper  Rico  L 

.  14  42 

169    3 

bland 

24    4 

168  00 

Wake's  Rocks 

.  17  48 

173  45 

Henderson  Island 

24    6 

128  30 

St  Peter     . 

.11     3 

178  55W 

—  another  account 

24  26 

Barbados     . 

.    8  54 

178  21 

Gardner's  Reef    . 

24  11 

168    9 

Krusenstem's  Ro< 

*      ,  22  15 

175  37 

PoUard's  Island    . 

24  40 

168  00 

Necker  Island 

.23  34 

164  32 

AUen's  Reef 

25  00 

167  57 

French  Frigate's 
Usiansky^s  Island 

Shoal  23  45 

165  50 

Cooper's  Island    . 

25    4 

131  26 

.26    3 

173  40 

Maro's  Reef 

25  26 

170  16 

bland 

25  22 

131  26 

Owbyhee,  N.  poii 

It       .  20  17 

166. 58 

A  Rock 

25  30 

174    3 

—  E.  point 

.  19  34 

154  54 

Laysan's  Island    . 

25  50 

171  51 

—  S.  point  . 

.  IS  54 

155  45 

Liscanskey's  bland 

25  52 

173  41 

—  KarakakoaBa] 

r        .19  28 

155  56 

Ncf  a  bland 

26    5 

172  25 

Mowee,  £.  point 

.20  50 

155  56 

Maro'sReef,  (dangerous] 

26    6 

170  94 

—  S.  Point 

.20  34 

156  12 

bland  &  Rock      . 

26  24 

170  54 

—  W.  point 

.20  54 

166  36 

Pearl&  Kermes  group  or 

27  46 

176  15 

Tahoorowa 

.20  35 

156  33 

CUrke's   Reef  60  miles 

.^ 

Ranai,  S.  point    . 

.20  46 

156  52 

N.W.and  S.E.      . 

27  48 

176    6 

IN 

Morotoi,  W.  point 

t        .21  10 

157  14 

Bunker's  Island    . 

28  00 

173  30 

Woahoo 

.21  43 

157  68 

bhuid 

28  25 

178  14 

« 

Attoi,  Whymoa  B 

ay     .  21  57 

159  40 

Island 

28  54 

178  46 

i 

Tahoora 

.21  40 

160  24 

Swift's  bland       . 

32  53 

119    6 

•« 

Oneeheow   . 

.21  60 

160  15 

1 

Or^ehbua    . 

.22    2 

160    8 

Bird's  bland 

.23    8 

161  45 

Culpepper's  bland 

1  40 

92  00 

Gardner's  Island, 

disco- 

Wenman*s  Island 

1  23 

91  44 

Tcrcdl820 

.25    3 

167  40 

Redondo  Rock    . 

0  15 

91  ^ 

Maro's  Reef,  ditto 

.25  28 

170  90     ^ 

Abington  Island,  C.  lb. 

i 

etaon 

089 

90  43 

GaUego  bland      . 

.    1  42 

104    5     ;] 

Albemarie  I.  C  Beike- 

Christmas  or  Noel 

I.     .    1  58 

157  32      « 
159  22      1 

ley           ... 

0    2 

91  31 

Sidney  or  Fanning 
Island 

S'8  I.     3  44 

B  —  Christopher's  Point 

Q  508. 

91  25 

.    430 

126  00      1 

-iJamea  I.  Harbour 

0  IS 

90  41 

New-York  Island 

.   444 

160    6     ^ 

Chariesl.  S.P.    . 

1  30 

90  33 

Gocoss  Islands,  or 

Chat- 

-i« 

Chatham  I.  N.  E.  P.    . 

0  45 

89    9 

ham  Bay 
Palmyra  I.  . 
Island 

.   5  27 
.    5  49 
.    6  36 

87  15 
162  19 
166  50 

—  Stephen's  Bay 

0  53 

89  37 

XLIX.     Islands,  Racks  md  Shot 

Os,  intke 

Barber's  Island    . 
Reef   . 
Cluperton's  low  b 

.   8  50 

.10  00 

land   10  28 

178  00 

179  24 
109  19 

SOUTH  PACIFIC  OCEJ 

W. 

Lat 
D.    M. 

d."m. 

,     .11     6 

154  30 

New  Guinea 

Island          !        i 

.11  33 

164  00 

—  Middleburg  Island 

0  20S. 

132  I6E. 

Island 

.13    9 

168  24 

—  Cape  of  Good  Hope 

0  20 

132  31 

Shoal  . 

.13  32 

170  31 

—  Flat  Point       ,        . 

0  46 

134  95 

Shoal 

.14  30 

170  33 

—  CapeValihe    . 

S  26 

137  9S 

Cluster  of  Islands 

16  00 
•  (  17  00 

133  00 

—  Cape  Rodney  . 

10    2 

147  53 

136  00 

—  King  William's  Cape 

640 

143  31 

Island 

.16  30 

163  54 

Torres   or    Endeayoux 

Passion  Rock 

.16  56 

109    5 

Straits      . 

Comwallts  I. 

.16  54 

169  33 

EastemFields  or  Reefs, 

New  Biada 

.  18  17 

114    3 

N.  E.  end 

10    9 

145  43 

Clarion  Island 

.18  21 

114  52 

—  N.  W.  part     . 

9  59 

145  86 

Island 

.  18  22 

156  15 

Murray's  Islands  . 

9  53 

144    3 

Shoal 

.18  27 

170  30 

VVamyax  or  Darnley  I. 

9  28 

143  40 

Socorabtand 

.18  48 

110  10      . 
166  32     -1 

Pandora^sShoab,N.  P. 
—  Wreck  Reef,  S.  P. 

9  55 

144  14 

bland 

.19  15 

U  25 

144  00 

St  Berto     . 

.19  18 

109  53     1 

—  PorUock^s  Reef 

948 

144  45 

bland 

.19  22 

115  15      . 
Ill    6      £ 
165  23     g 

—  ent  Torres  Straits  . 

9  54 

144  49 

RocaPattida     .  , 

.19    4 

—  Boot  Reef 

9  59 

144  40 

Mallon  Island 

.19  23 

Indeflitigahle's  ent  ditto 

11  50 

144  10 

Cloud's  Island     . 

.19  46 

115  00 

Halfway  bland    . 
Booby  Isle  . 

10    7 

143  19 

Copper  Island      . 

.20    6 

131  64 

10  27 

141  56 

bland 

Shal-T's   bland   . 

.21  00 
.22    6 

176  34 
112  14 

York  I.  (Mt  Adolphua) 

10  37 

142  40 

^^.v 


l^ABLE  XLVI.    Latitudes  and  Longitades. 


£91 


D.   M. 

Long. 
D.    M. 

D.   M. 

Long. 
D    M. 

Prince  of  Wales'  group, 

Onaseuse  or  Hunter's  I. 

15  31 S. 

176  HE. 

N.  P.   . 

lOOOS. 

142  12E. 

De  JPeyster's  Islands 

8     5 

178  17 

Kangaroo  coral  reef 

13  22 

143  47 

Ocean's  High  Island    . 

0  48 

170  49 

ProTidencc  Islands 

Pleasant  Island    . 

0  20 

167  10 

—  Little  Providence  or 

Gardner's  Island  . 

1  00 

168  40 

Danger  L     . 

0  11 

135  12 

DuiPs  Group 

10  00 

166  60 

—  N.  W.  cxt.  of  Shoal 

Ganges'  Island    . 

944 

166  43 

off  ditto 

0    1 

135    8 

Stewart's  Island  . 

8  24 

163  00 

Louisiade  Isles     . 

Egmoot  or  SantaCrozI. 

—  Cape  Deliverance    . 

11  42 

154  30 

—  Cape  Boscawen 

10  55 

166  10 

Stephen's  Island  . 

0  81 

137  48 

Pitt'sorAldemeyl.     . 

11  50 

166  46 

Durour^s  Island    . 

1  17 

143  30 

Cherry  Island       . 

11  37 

170  24 

Admiralty    Islands, 
limits 

1  50 

146  00 

Volcano  Island     . 

10  39 

166  12 

3  10 

143    6 

Mitre  Island 

11  49 

170  42 

Sydney  Shoal 

3  20 

146  50 

Barwell  Island     . 

12  13 

169  00 

Active's  first  Reef  (dis- 

Pandora's Reef    . 

12  11 

172  00 

covered  1811)  . 

3  40 

146  53 

Charlotte  Bank 

11  46 

174  42 

—  second  reef  (ditto) 

3  41 

146  37 

New  Ireland 

Sir  J.  Banks's  Island    . 

13  27 

107  24 

~  Cape  St.  George     . 

4  54 

152  59 

Espiritu  Santo,  C.  Lis- 

—  Carteret's  Haib.      . 

448 

152  46 

burne   . 

15  41 

166  57 

New  Hanover  W.  end 

2  25 

149    6 

—  C.  Cumberland 

14  39 

166  47 

New  Britain 

—  Bay  St.  Philip  and 

—  CapePaUiser  . 

4  18 

152  10 

St.  James     . 

15  10 

167    6 

—  CapeOrford    . 

5  40 

152  21 

—  C.  Quiros       . 

14  56 

167  20 

—  Port  Montague 

6  12 

151    2 

Leper's  Island     . 

15  23 

167  68 

—  Cape  Ann 

6  27 

149  33 

Maskelyne's  Island 

16  32 

167  69 

Cocos  Islands 

430 

156  36 

Mallicolo,  C.  Sandwich 

16  28 

167  59 

Sboab    W.ofBougan- 

—  Port  Sandwich 

16  25 

167  53 

ville's  Strait     . 

6  11 

164  22 

St.  Bartholomew's  1.    . 

15  42 

167  17 

Bouganville  Strait 

7  00 

155  55 

Aurora  Island 

15    8 

108  17 

LaaghIan'sIslands,SE. 

Table  Island 

15  38 

167    7 

ext.          .        .        . 

920 

153  42 

Whitsuntide  Island      . 

15  44 

168  20 

Bridgewater  Shoal 

8  54 

156  49 

Ambrym  Island    . 

16    9 

168  13 

Cape  Deception  . 

8  30 

156  56 

Paoom  Island 

16  30 

168  29 

Cape  Nepean 

8  51 

157  32 

Three  Hills 

16  59 

168  22 

1 

Cape  Marsh 

9    7 

158  46 

i£ 

Apae  Island 

16  46 

168  22 

Deliverance  small  Isld's 

10  51 

162  27 

Sheppard's  Islands 

16  58 

168  42 

Monument  . 

17  14 

166  38 

ent. 

10  15 

161  15 

Montague  Island 

17  26 

168  32 

i 

Bellona  Island      . 

11     6 

159  37 

1 

Hinchinbroke  Island     . 

17  25 

168  38 

1 

Bellona  Shoal      . 

12    5 

159  48 

^ 

Sandwich  Island 

17  41 

168  33 

1 

Pandora  and  Indispen- 

EiTomango,   Traitor's 

sable  Shoal,  N.  P.    . 

12    9 

160  30 

Head       . 

18  43 

169  20 

-S.P.      ?      .        . 

12  46 

160  45 

Immer  bland 

19  16 

169  46 

Well's  Shoal 

12  20 

157  58 

I'anna,  Port  Resolution 

19  32 

169  41 

Port  Praslin 

7  30 

157  51 

Erronam     .         .        . 

19  39 

170  15 

Stewart's  Island  . 

8  24 

163  00 

Enatum 

20  10 

170    4 

Bradley's  Shoal    . 

646 

161  00 

Durand'sReef     .        .. 

22    6 

169    2 

Lord  Howe'^  Group     . 

5  24 

159  37 

Walpote  I. 

22  39 

169  16 

Hunter's  Islands  . 

4  48 

157  00 

Matthew's  or  Hunter's 

:3hank's  Island     . 

028 

163  00 

Island      .        , 

22  24 

172  16 

Blaney'slshuid    . 

0  39 

174  15 

Dundas  Island      . 

0  15 

173  68 

Diana's  Bank,  about    . 

15  41 

150  30 

Drummond'^  Island 
Byron's  Island     . 
Mope  Island 

1  12 
I  11 

176  24 

177  13 

Bougainville's  Reefs    | 

15  36 
15  12 

148  00 
147  51 

2  47 

176  59 

Alert's  Reef         .     •  . 

17    2 

151  49 

St.  Augustine  Island    . 

5  36 

176  15 

Mellishe's    Keyi    and 

Kherson's  Island  . 

5  56 

176  33 

Reefs                .        . 

17  16 

156  12 

^CUice's  Group     . 

8  29 

179    6 

Bampton  Shoal,  lim-  ( 
its      .       .        5 

18  49 

158    2 

vlitchell's  Group 

9    6 

179  48 

19  30 

158  45 

Plaskctt'sL          .        . 

9  18 

179  60 

Avon's  I.    J. 

19  30 

158  12 

Independence  I.  . 

10  25 
in  o'T 

179  00 

tTQ    OO 

Chesterfield  Bank 

RaUnno     ftKAala 

19  53 

9.(\   Rft 

158  25 

IRQ  A'7 

Digitized  by  VjOOQIC 


TABLE  XLVL    Latitudes  and  Longitudes. 


LaL 

Long. 

I 

T.at 

Long- 

D.    M. 

D.    M. 

D.    M. 

D.    M. 

Minerva's  Shoal      .    \ 

SO  5US. 
21  22 

159  23E. 
159  10 

Macquarie'a  Island 
The  Judge  and  his  clerk 

54  42S. 
54  10 

159  45E. 

160  7 

Baring^s  Shoals     .      { 

20  40 

158  15 

The  Bishop  &  his  clerk 

55  11 

159  57 

20  50 

139  30 

Auckland's  Group 

50  44 

166  00 

—  Sandy  I. 
Keen's  Reef 

21  24 

158  30 

Campbell's  Island 

52  32 

169  30 

21     9 

165  49 

Bounty  Islands    . 

47  32 

179    2 

Mid-day  Eecf 

21  58 

154  20 

Antipodes  Island 
Chatliam     Island,   C. 

19  35 

179    2 



Small  low  woody  Island 

18     3 

162  51 

Voun§    . 

43  48 

176  5SW 

Moulin  Island 

18  31 

162  62 

Cornwallis  Islands 

44  36 

175  27 

Reof,  about 

19  00 

162  62 

Macauley  Island 

30     8 

179  OO 

\.  W.  Point 

19  58 

16^  30 

Sunday  Island     . 

29  12 

178  13 

Balleabea  Island. 

20    7 

104  22 

Vasques      . 

25  40 

174  56 

Pudyona,  N.  W.  P.      . 

20     6 

164    7 

( 

23  59 

178  30 

Cape  Colnet 

20  30 

164  56 

Nicholson's  Shoals     < 

23  37 

177  52 

Cape  Coronation 

23     5 

167    8 

i 

20    6 

168  36 

Queen  Charlotte's  Fore- 

land 

22  15 

167  13 

Rotumah  or  Grenville's 

ls\e  of  Pines 

22  42 

167  34 

Island       .         . 

12  29 

176  57E. 

Botany  Island 

22  27 

167  17 

Solitary  Island     . 

10  40 

176  00  W 

Prince  of  Wales  Fore- 

D. of  Clarence's  I.      . 

9    9 

171  31 

land,  S.  P. 

22  30 

166  50 

D.   of  York's  I. 

8  33 

172    4 

Port  St  Vincent  . 

22  00 

165  55 

(^uiros  Island 

10  40 

170  O) 

Loyalty  Island      . 

20  54 

166  30 

Jesus  Island 
Letticusl. 

6  46 
11  48 

166  00 
162  00 

Wreck  Reef  and  Sanrf 
Bank      . 

22  11 

165  19 

Suwarrow's  Islands     \ 

13    6 
13  15 

163  2S 
163  31 

Cato's  Bank 

23     6 

155  23 

Wallis  Island       . 

13  22 

176  16 

Reef 

23  40 

160  14 

Proby's  Island     , 

15  53 

175  51 

Reef 

23  48 

164  14 

Gardner's  Island 

17  57 

175   17 

Ray's  Island 

25  00 

166  21 

Keppel's  Island    . 

15  53 

174  12 

Reef          .         .         ; 

26    4 

160  00 

Boscawen's  Island 

15  50 

174     8 

2«1  12 

Navigator's  Islands, 

SirC.  Middletop'sls. 

28  13 

160  31 

—  Opoun,E.  P. 

14    9 

169     3 

Middleton's  Shoals 

29  14 

158  53 

—  Leone,  b.  P. 

14    8 

169  16 

rjizabeth  Reef  . 

30     5 

159  00 

—  Tanfoue,  E.  P. 

14    5 

169  18 

Island 

31   14 

160  37 

—  Maoune,  E.  P. 

14  17 

170     3 

I^ord  IIowe*sI.    . 

31  26 

159  00 

—  Oyolava,E.P. 

14    3 

171     7 

Norfolk  I.  (Mt.Pitt)  . 

29    2 

168  10 

—  Otatuclah       . 

14  30 

170  41 

Rosavetta  Reef  . 

30  30 

173  28 

Calinasse,  N.  P. 

13  45 

171  51 



IslotPIat    . 

13  51 

171  48 

North  Cape 

34  27 

173     4 

Amargura 

18  00 

174  30 

Cupe  Bren 

35  10 

175  00 

4 

Vavaoo  (Howe's)   Is. 

18  50 

174  00 

Cape  Colville      . 

36  24 

175  48 

§ 

Lati  or  Bickerton  I.     . 

18  52 

174  48 

Mercury  Bay 

3b  46 

176     6 

j^ 

Savage  Island 

19    2 

169  30 

Cape  East 

37  44 

178  58 

^' 

I'oofoa 

19  46 

175     6 

olaga  Bay 

3S  22 

176  35 

^ 
c 

Haanho      . 

19  41 

174  15 

Tuble  Cape 

39     6 

178     2 

•t 

Bouhee 

19  34 

174  29 

Cape  Kidnappers 

39  43 

177  16 

t^ 

Annamoka 

20  14 

174  50 

Cape  Turn  again 

40  32 

176  49 

Hoonga-hapee     . 

20  36 

175  17 

Banks' I.E.  end 

13  43 

173  00 

fongataboo, 

Cape  Saunders    . 

45  37 

170  16 

—  V  an  Dicman's  Road 

21     6 

175     5 

Molincaux  Harbour 

46    S 

1^9  41 

Eoaa,  E.  P.       . 

21  24 

174  45 

i'he  Snares 

48    6 

16t)  20 

Pylstaart's  Island 

22  22 

175  41 

Knight's  Island  . 

48  15 

166  44 

Cape  South 

47  17 

167  16 

Pearl  &  Herme's  Reef 

27  46 

176  00 

S(.uth  West  Bay 

46  30 

167  25 

King  George's  Reef      . 

19  56 

167  30 

Solander's  Island 

46  28 

166  33 

Palmerston  Island 

18  00 

162  57 

West  Cape 

45  56 

166    i> 

Whytootaeke 

IS  56 

159  45 

On  sky  Bay 

45  40 

166  16 

Hervey's  Island  . 

19  17 

15S  48 

Open  Bay 

43  5i 

168  43 

.2 

Wateoo  Island  . 

20     1 

158  15 

Cape  Fouhvcathcr 

41  58 

171  30 

5 

Maria  I.     . 

21  45 

155  10 

Cape  'are well   .. 

40  40 

173  18 

2 

Mangeea  Island 

21  57 

I58t     7 

^iueenCharlotte'sSound 

41     5 

174  40 

•f 

Roxburgh  Islands 

21  36 

159  40 

Capo  Campbell    . 

41  34 

174  56 

(ape  Puliber 
*  f^pe  Epnont      . 
_      •  n«t  Ij^jand     . 

41  24 

175  41 

1 

Scilly  Island 

16  30 

155  10 

39  23 

174  12 

Lord  Howe's  I.  . 

16  16 

154     6 

38     5 

175     5 

J 

Maurura  Island  . 

16  26 

152  33 

TABLE  XLVI.    Latitudes  and  Longitudes. 
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T?t"    ■ 

Long. 

Lat. 

Long. 

1 

D.    M. 

D,    M. 

1 

J.    M. 

D.   M. 

Bolabola  Island  .         .  ) 

16  32S. ] 

151  52»> 

Onateaya  Island 

9  68S. 

138  51\V 

riielea 

16  45     J 

161  31 

Magdalena  Island 

10  25 

138  49 

—  Ohftmeneno  barb.     . 

[6  45     1 

151  35 

Huaheiiic,  OwharreBay 

16  43 

151     8 

Bunker's  Shoal  . 

0  17 

160  40 

Sir  C.  Sander's  1. 

17  25 

150  68 

Marcus  Island    . 

0  26, 

159  50 

Einieo  (Taloo  harbour) 

17  30 

160  00 

Island 

1     5 

138  54 

^  f ethuroa    . 

g  Otaheite,  Point  Venus 

■V  —  Oaitipeha  Bay 

17     1 

149  36 

Brock's  Island    . 

1  13 

159  30 

17  29 

149  36 

Island 

3  32 

173  45 

17  46 

149  14 

Hero  Island 

5  40 

155  55 

^  Osnaburg  or  Miatea     . 

17  52 

148     6 

IsUind 

6  39 

166  18 

ARock      . 

7  51 

139  54 

1  Pr.  of  Wale*  I.  N.  P. 

14  58 

147  60 

Pcnnryhn's  Island 

9     1 

157  35 

^  J^»i!liser»«  Island  . 

16  38 

146  30 

Tienhoven  I. 

10     5 

156  57 

Chain  Island 

17  25 

145  30 

Groningue  I. 

10     5 

156  50 

Gtouccster  Island 

20  31 

145  54 

Reirsen's  Island 

10  11 

160  49 

«.»hetiroa     . 

22  27 

150  49 

Humphrey's  I.     . 

10  27 

160  55 

Remitura  I. 

22  43 

152  00 

ARek      . 

10  46 

166    6 

Toobouai    . 

23  25 

149  20 

PeacadoL 

10  33 

159  25 

High  Island 

23  42 

148     3 

Roggewien's  1.    . 

10  51 

156    7 

Byron's  Islands  . 

Tiburones  I. 

10  58 

143  00 

—  Taoukaa  Island 

14  30 

145     9 

Flint  Island 

11  28 

152    6 

Disappointment  Islands 

14     7 

141  22 

Bauman's  Islands 

11  62 

165  12 

Adventure  Island 

17    7 

144  22 

Spiridoff  Island   .        > 
—  Perhaps  ULOura    J 

14  41 

144  59 

Furneaux  Island 

17  11 

143     7 

14  37 

146  10 

Resolution  Island 

17  23 

141  45 

Isle  de  Chiens     • 

14  50 

138  47 

Island 

16  00 

139  00 

Isle  Romanzoff  . 

14  57 

144  28 

d  Island        .         .         • 
§>  Bird  Island     '    . 

17  00 

138  00 

Isles  de    KniO 
senstern  exten- 

17 49 

142  43 

S,  Bow  Island 

18  17 

140  43 

ding  N.  N.  E.  >  centre 

15  00 

148  41 

:fPr.  Henry's  Wand 

19  00 

141  22 

andS.   S.  W. 

1  Cumberland  I.     . 
^  Gloucester  Islan^ 

19  18 

140  52 

15  milea           j 

19  U 

140  20 

Cbainedu  Rurick»  N. 

, 

i  Queen  Charlotte's  I.     . 

19  18 

138  20 

E.  P.      . 

15  11 

fe  Whitsunday  Island      . 
5  Lagoon  Island     . 

19  26 

138  12 

—  E.P      . 

15  20 

146  30 

18  48 

138  33 

—  W.  P.    . 

15  20 

<s        — 

Dageraad  Island 

15  45 

146  56 

Osnaburg  Island 

22    8 

140  37 

Dean,  or  Prince  ) 

Bligh's  Lagoon,  I. 

21  43 

140  30 

of  Wales,  or    >W.P. 

15  00 

148  22 

Carysfoot  Island 

20  49 

138  33 

Oanna  Island  )  E.  P. 

15  16 

147  12 

Lord  Hood's  Island 

21  31 

135  32 

Island 

16  00 

139  00 

Gambler's  Island 

22  55 

135  00 

Island 

17  00 

138  00 

Crescent  island   . 

23  12 

134  32 

Island 

20  00 

167  50 

St.  Juan  Baptista 

24  26 

135    6 

Elizabeth  Island 

21     6 

178  36 

Pitcairn's  Island 

25    4 

130  25 

Eunice  Island 

21     8 

178  47 

Oparo  Island ' 

27  36 

144  11 

Armstrong's  Island 

21  21 

161     4 



Anderson's   Island   (or 

Nukahiwa  I.  (Fwleral) 

Elizabeth  I.)  . 

24  24     |128  11 

—  PortTochitschagoff 

S  57 

139  42 

Ducie's  Island     / 

24  40 

124  40 

—  Port  AnnaMaria,ent. 

8  67 

139  40 

Island 

25  13 

130  28 

^  —  Cape  Martin  S.  E.P. 

8  57 

139  32 

St.  Felix  Islands  N.  P. 

26  20 

79  47 

5  —  South  Point    . 

8  59 

139  44 

—  W.  P. 

26  17 

80     4 

-2  _  N.  W.  point 

8  53 

139  49 

Gray's  Island      . 

26  24 

92  24 

^  Uahuga  1.  (Washing. 
S      touI.)W.P. 

Sales  y  Gomez    . 

26  36 

105  34 

8  58 

139  13 

Easter  Island 

27    8 

109  40 

s  Uapoal.  (Adams) 

9  21 

139  39 

Island 

28    6 

95  12 

^  Level  I.  (Lincoln) 
K^  Mottauity     Islands 
^      (Franklin)       . 

9  29 

Group  of  Islands 

31     3 

129  24 

Masaafaero 

33  45 

80  38 

8  37 

140  20 

.  JuanFemandcxS.W.P 

33  45 

79    6 

Hiau  I.  (Knox,Robert8' 

7  59 

140  13 

|  — E.P.    . 

33  41 

78  53 

Small  Sandy  Island 

7  57 

140    3 

Fattuuhu  I.  (Hancock, 

)   7  60  ^ 

140    6 

^  NEW  SOUTH  SHET 

- 

2              LAND. 

2$  Hood's  Island     . 

9  26 

138  52 

1  Clarence  Island,  Floyd'i 

1  Ohcvahoa 

9  41 

139    2 

%      Promontory     • 

60  57 

54    6 

^  Obitahoo,      Resolutioi 

1 

61  20 

54    8 

*|      Biv 

1  9  55 

139    9 

•g,  Comwallts  Island 

61  00 

54  28 

^.v 
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Seal  Island 
Cape  Valentine   . 
Sarah  Island 
Obrien*8  Islands 
Bridgeman's  Islands 
Cape  Melville     % 
SberiffCape 

Ditto    (another    ac* 

cbunt)    . 
Yankee  Straits    . 
Ragged  Island 


Lat. 
D.  M. 

61  003 
61  3 
61  28 

61  S8 

62  00 
62  00 
62  28 

62  21 
62  30 
62  40 


Long. 
D.  M. 
55  32W 

54  40 

55  30 

56  35 

57  12 
57  46 

60  57 

61  47 
60  22 

62  10 


Ditto     (another   ac- 
count)   • 

Ditto      the  harbour 
(by  another  person) 

New  Plymouth 

Monroe's  Island,  Preri- 
dent's  Bay 

Castle  Rock  (west  of 
Monroe's  1.) 

Mount  Pisgah 
Ditto  (another  ac*nt 


TST] 

D     M. 

a*^ 

62  428., 

62  20W 

62  55 

62  45 

63    5 
61  37 

62  46 

52  20 

62  60 

63  00 

62  57 

62  30 

63  00 
63  40 

Note  to  page  279y  Table  XLVI.  line  1. 
I  have  considered  the  Ea$ex  Shoal  to  be  the  same  as  the  Fmrlu  Rotk,  and  have 
given  its  latitude  and  longitude  as  in  Horsburgh's  Directory,  namely  3^  27'  S.  107°  2^  £. 
The  place  assigned  by  Captain  Ome,  of  the  Essex^  is2P  3^  S.  107^  OO'  E.  dilJfering  nine 
miles  in  latitade ;  and  as  it  is  possible  that  the  rocks  may  not  be  the  same,  I  have  now  gi- 
ven  Captain  Ome's  estimate,  made  from  a  meridian  observation  two  hoars  after  9lrikin§ 
on  the  shoal,  June  26, 1804.  He  described  it  as  '^  a  small  rock  or  coral  patck,  seen  1^  the 
man  at  the  mast  head  an  instant  .before  she  struck ;  but  there  was  no  amiearance  of  a 
breaker^  though  the  breeze  was  fresh,  and  a  short  sea  running.  In  the  act  of  wearing  diip, 
she  struck  rather  on  the  side  of  the  rock,  which  reduced  her  velocity  from  8  to  24|  1 
after  nibbing  a  few  seconds,  she  firil  off  into  deeper  water  (8  fathoms)  without  any 
rial  damage." 
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TABLE, 

Skavfing  the   TIMES  of  HIGH  WATER  at  tht  JuU  and  ehange  ^f  the  Moon,  at  the 
principal  Porta  and  Harbours  of  the  JVorUi,  wUhthe  vtrtieal  ri$e  of  the  Tid$  in  feet. 


PLACES. 


SITUATION. 


TIME.  R. 


SITUATION.       TIME.  Bf 


A 

Abbeville 
Aberdeen 
Aberystwith 
Achill  Head 
Air  Point 
A« 


France 

Scotiand 

Wales 

Ireland 

Isle  of  Man 

France 


.Alban'sHead  (St>:£nglaod 


Amazon  Eiver 
Ambleteuse 
Ameland  Island 
Amelia  Harbour 
Amiwick  Point 
Amsterdam 
Amsterdam  Island 
Andrew's  Bay,  St. 
Angra  Bay 
Anholt  Island 
Ann  (Cape) 
Annapolis 
Anticosta  I.  W.  end 
Antwerp 
Annamocfca 
Arcbangel 
Arklow 
Artan  lalaad 
Arundel 
Augustine,  (Sl) 


America 

France 

North  Sea 

America 

Anglesea 

Holland 

Pacific  Ocean 

Scotland 

Terciera 

Catt^^t 

America 

America 

America 

France 

Pacific  Ocean 

Russia 

Ireland 

Scotland 

£Qgland 

America 


Augustine's  Bay  St  Madagasoar 

Ayrancbes  France 

B 

Babelmandel  Str.  Red  Sea 

Balisoie  India 
Ballingskellings  B.  Ireland 

Bally  Castle  Ireland 

Bally  Shannon  Ireland 

Baltimore '  Ireland 

Bamff  Scotland 

Bantry  Bar  Ireland 

Bardsey  Island  Wales 

Barfleur  Cape  France 

Barmouth  Wales 

Barnstable  Bay  England 

Baudsey  Cliff  England 

Bayonne  France 
Beacby  (on  shore)  England 

Beacby,  Offing  England 

Bear  Island  Hudson's  Bay 

Beaumaris  Wales 

Bee's  Head,  St.  England 

Belfast  Ireland 

Belle  Isle  Bay  of  Biscay 

Bembridge  Point  Isle  of  Wight 

Bergen  Norway 

Bermuda  Island  Atlantic  Ocean 

Berwick  England 

Biscay  Spain 

Bilboa  Spain 

Blakeney  England 

Blanco  (Cape)  Africa 

Blaskets  Ireland 

Block  Island  America 

22!J^br(CapeV  AWca 


3013 


H.    M, 

10.30 

18.45 
7. 
5.30 

10.30 
3.  0 
7.30 
6.  0 

11.  0 

10.30 
8.30 

10. 
3.  0 
8.30 
S.16 
2.80 

13.  0 

11 

11.  0 
3.30 
6.  0 
6.  0 
6.  0 
8.15 

11.16 
9 

7.30 
2.15 
6.00 


3011 


Bolt  Head 
Bombay 
Bombay  Offing 
Borkum  Island 
Boston 
Boston 
Botany  Bay 
Boulogne 
Bourdeauz 
Brassa  Sound 
Bray  Head 
30|24  Bremen 
Brest 

Bridgewfiter 
Bridport 
Brighton 
Bristol 
Broad  Bay 
Broad  Haren 
Burnt  Island 
Button's  Islands 

C 
Cadiz 
Caen 
9  Caernarvon 
20|16  Calais 

Caldy  Island 
Calf  of  Man 
Campbell  (Port) 
Canaiy  Island 
12.  0      ganso  (Cape) 
9.45i2Cantire(MuUo() 
3.15      Cq>ricom  (Cape) 
9.  0      Cardiff 
6.45      Cardigan  Bar 
4.  0      Carlingford 
11.30      Cariisle 
3.30      Carmarthen 
8.15      Carrickfergus 
7.30      Caskets 
8.  013  Catherine's  Pt  St. 
5.5026  Catness 
10.30      Cayenne 
3.30      Cbarente  Rir.  ent, 
9.45  20  Charies  (Cape) 

11.  0      Cbarleeton  Bar 

12.  0      Chatham 
10.15  24  Chepstow 

1 1 .  15      Dherbouig 
10.30      Chester  Bar 

3.  0      Chichester  Harb. 
11.40      Christmas  Sound 
1.30      Churehiil  (Cape) 
7.0  6  Clear  (Cape) 
2. 15 16  Cod  (Cape) 
3.45      Condore  Pulo 
3.45      Conway 
6.  0      Copeland  Island 
9.45      Coringa  Bay 
3.40      Coquet  Island 
7.37  5  Cornwall  (Cape) 

12.  0     iCornwallis  (Port) 


England 

India 

India 

Holland 

England 

America 

NewHoUand 

France 

France 

Shetland  ] 

Ireland 

Cennany 

France 

England 

England 

England 

England 

America 

Ireland 

Scotlandl 

Hudson's  Bay 

Spain 

France 

Wales 

France 

Wales 

StGeoige's  Ch 

America 

Atlantic  Ocean 

America 

Scotfaind 

New  Hollaid 

Wales 

Wales 

Ireland 

England 

WiSes 

fi%Iand 

Eng.  Channel 

Isle  of  Wight 

White  Sea 

S.  America 

France 

America 

America . 

England 

England 

France 

England 

England 

S.  America 

Hudson's  Bay 

Ireland 

America 

China  Sea 

Wales 

Ireland 

India 

England 

England 

Pr.  of  Wales' I. 


H.    M.  FT 


55 
15 

0 

0 
45 
30 

0 
,45 

0 
,  0 
30 
.  0 
.45 
.45 
.45 
.  6 
.45 
.45 
,  0 
.30 
.50 

,  0 
.  0 
.  0 
.30 
.  0 
.30 
.  0 
.  0 
.30 
.30 
.  0 
.  0 
.  0 
.  0 
.  0 
.30 
.30 
.  0 
.  0 
.15 
,  0 
.  0 
.45 
.15 
.  0 


20 


11 


14 


20 


30 

.  026 

301£ 

30 

20 

30 

30 

15 

15 

30 

15 

4515 

30  g2 

30101 


:' 


S96 

TABLE  XLVII. 

TIMES  OF  HIGH  WATER. 

PLACES. 

SITUATION. 

riME^i 

R. 

PLACES. 

SITfTATIUSi. 

TIME.    R 

1 

II.    M. 

FT 

B.     M.f3 

Cork  Harbour,  en. 

Ireland 

4.30 

18 

Fly  or  Vlie  G'^twaj 

Holland 

6.45 

Corunna 

Spain 

3.   0 

Fly  or  Vlie  Road 

Holland 

7.30 

Coutance 

France 

6.  0 

Foreland  (North) 

England 

11.15  i6| 

Cowes 

Isle  of  Wight 

10.15 

15 

Foreland  (South) 

England 

11.  6ig 

Crocotoa  Island 

Str.  of  Sunda 

7.   0 

3 

Formby  Point 

England 

li.  0>( 

Cromartie 

Scotland 

11.30 

14 

Fort  St.  John 

^elvfoulldhUld 

9.  0 

Cromer 

England 
Ireland 

6.45 

16 

Fox  Island 

America 

10.45 

Crookhaven 

3.30 

Fowey 

England 

5.30161 

Cross  Island 

v\  hite  Sea 

4:i5 

Funchal 

Madeira 

11.30    • 

Ciizhaven 

Germany 

1.  0 

G 

D 

GalHcia  (Coast  oQ 

Spain 

:}.  0 

Dartmouth 

England 

6.10 

20 

Galloper 

Thames  River 

12.45 

David's  Head,(St.) 

Wales 

6.  0 

Galhvay  Bay 

Ireland 

4,30 

Deadman's  Pt 

England 

0.30 

Galloway,  Mull  of 

Scotland 

11.15 

Deal 

England 

11.  0 

15 

Gambia  R,  ent. 

Africa 

10.15 

Dee  (RiTer) 

Scotland 

11.  0 

Gay  Head 

America 

7.37    7l 

Delaware  R.  ent 

America 

9.  0 

George's  Rirer 

America 

10.45  gl 

Diamond  Point 

India 

2.15 

Georget9wn  Bar 

America 

7.  0 

Dieppe 

France 

10.30 

18 

Goa 

India 

A.SO 

Dingle  Bay 

Ireland 

3.30 

GoodHope,(Capc) 

Africa 

3.  0 

Donnegal 

Ireland 

6.30 

Good  Hope,  Town 

Africa 

2.30 

Dover 

England 

U.  6 

14 

Gorce  Gatway 

North  Sea 

1.30 

Douglas 

Isle  of  Man 

10.30 

21 

GouldsboroBgh 

America. 

11.  Oi 

Downs 

England 

11.  0 

15 

Granville 

France 

7.30 

Drogheda 

Ireland 

10.45 

Gravelines 

France 

11.4S|i 
1.301 

Drontheim 

Norway 

2.15 

Gravesend 

England 

Dublin 

Ireland 

9.46 

12 

Grizneas,  (Cape) 

Franca 

11.  0 

Dudgeon  Lights 

North  Sea 

6.  0 

H 

Dunbar 

Scotland 

2.  0 

Haerlem 

Holland 

9.  0 

Duncansbay  Head 

Scotland 

10.  0 

Hague  La,  (Cape) 

France 

8.45' 

DunUalk  Bay 

Ireland 

10.45 

Haifax 

Nova  Scotia 

7.30 

Dundedy  Head 

Inkland 

4.  0 

11 

Hamburgh 

Germany 

6.  0 

Dundee 

ScoUand 

2.15 

Hartland  Point 

England 

6.  0 

Dungarvon 

Ireland 

4.30 

Hartlepool 

England 

3.45 

Il.JO/l. 

Dungeness 

England 

10.51 

24 

Harwich 

England 

Dunkirk 

France 

11.45 

12 

Hasborough  Gatt 

England 

6.301 

Dunnose 

Isle  of  Wight 

9.16 

Hastings 

England 

10.3<>' 

Dursey  Island 

Ireland 

3.30 

Hattcras,  (Cape) 

/Vmerica 

9.  0 

E   • 

Havre  de  Grace 

France 

9.  W2 

Eastern  Brace 

Bay  of  Bengal 

9.45 

Helena,  St. 

Atlantic  Ocean 

2.15! 

Eddystone 

Enig.  Channel 

5.50 

18 

Helens,  St. 

Isle  of  Wight 

1 1. 45:1 

Edinburgh 

Scotland 

2  30 

Helvoctslays 

Holland 

l.n 

ElbeR.  (red  buoy) 

North  Sea 

12.  0 

Henlopen,  (Cape) 

America 

Elizabeth  Town  Pt. 

America 

8.54 

5 

Henry.  (Cape) 

America 

7.40 

Erobdcn 

Germany 

12.  0 

Holyhead  Bay 

Wales 

10.  0-2 

Exmouth  Bar 

England 

6.25 

14 

Holy  I.  Harbour 

England 

2.301 

Ezuma  Bar 

Bahamas 

6.35 

Honileur 

France 

9.30 

Eyder  River 

Germany 

12.  0 

Hull 

England 

6.  Oi 

Eyemouth  Harb. 

Scotland 

2.15 

Humber  R.  ent. 

England 

5.151 

F 

Hurst  Castle 

England 

9.3U 

Fair  Head 

Ireland 

9.  0 

I 

Falmouth 

England 

5.30 

18 

Ice  Cove 

Hudson's  Bay 

10.  0 

FayalRoad 

Azores 

2.20 

4.i 

Ipswich 

England 

12.  0 

Fear  (Cape) 

America 

s:  0 

Ireland,  W.  Coast 

Atl.  Ocean 

5.30 

Fecamp 

France 

10.30 

Ireland,  S.  Coast 

Atl.  Ocean 

3.  0 

Ferro] 

Spain 

3.  0 

IsledeDieu 

France 

3.  0 

Ferriters 

Ireland 

3.30 

Isle  of  Man,  S.  side 

St.  George's  St 

10.241 

Fiftness 

ScoUand 

2.  0 

Ives,  (St.) 

England 

5.152 

Filey 

England 

4.30 

Jackson,  Port 

New  Holland 

8.15  ( 

Finsterre  (Cape) 

Spain 

3.  0 

Janeiro  Rio 

S.  America 

4.30 

Pinmark 

Lapland 

2.15 

Johna,  (St.) 

Newfoundland 

6.  0 

Fisguard  Bay 

Wales 

6.30 

Jutland  Coast 

Denmark 

12.  0 

Flamboro'  Head 

England 

4.30 

K 

,.     1 

Fkirida  Keys 

America 

8.60 

Kedgeree 

India      /^  ^ 
Irelarid  ^  -^ 

n.30    1 

Fluehifig 

Holland 

1.  0 

"Kenmare  River 

3.S0 

J 

TABLE  XLVn. 
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TIlVfES  OF  HIGH  WATER. 

PLACES. 

81TUATZON. 

TIMB. 

R.|            PLACKS. 

SITUATION. 

TiMa. 

i 

B.     M. 

fJ 

H.    M. 

p 

Rennebeck 

America 

10.45 

9 

North  Cape 

Lapland 

3.  0 

Sentith  Knock 

R.  Thames 

11.45 

0 

KiUibegfl 

Ireland 

6.45 

Olonne 

France 

3.30 

King's  Channel 

River  Thames 

12.50 

OpoKo 

Portugal 

3.15 

King's  Road 

Bristol  Chan. 

6.45 

Orfordncsf 

England 

10.30 

1 

Sinsale 

Ireland 

4.  0 

Orkney  Islands 

North  Sea 

10.30 

1 

Kinnaird's  Head 

Scotland 

12.  0 

Orm'sHcad 

Wales 

10.15 

L 

Ortcgal  (Cape) 

Spain 

3    0 

Lambaness 

SheUand 

9.30 

.5 

Ostend 

France 

12.30 

1 

Lancaster 

England 

11.15 

Owcrs 

Eng.  Channel 

9.36 

1. 

Land^s  end 

England 

4.30 

P 

Leith  Pier 

ScoUand 

2.20 

15 

Padstow 

England 

5.45|2 

[iemonandOwer 

North  Sea 

7.  0 

Passamaquoddy  R. 

America 

11.30 

'J, 

Lerwick 

Shetland 

9.45 

Passier  Roads 

Borneo 

5.  0 

i 

Lewis  Islands 

ScoUand 

6.  0 

Penmarks 

France 

3.30 

Lewis  rButtoO 

Scotland 

6.  0 

Penobscot  River 

America 

10.45 

h 

Limerick 

Ireland 

6.30 

16 

Pentland  Frith 

Scotiand 

10.30 

1 

Lisbon 

Portugal 

3.  0 

Penzance 

England 

5.  0 

V 

Liverpool 

England 

11.  0 

27 

Peter  Head 

Scotland 

12.  0 

Lixard 

England 

5.  0 

Plymouth  Sound 

England 

6.   6 

11 

Loch  SwiUy 

Ireland 

6.30 

Plymouth 

America 

11.30 

1 

Loire  River 

France 

3.  0 

Pol  de  Leon  (St.) 

France 

5.15 

London 

England 

2.46 

19 

Poole 

England 

9.  0 

Londondernr 

Ireland 

6.  0 

Port  Glasgow 

Scotland 

11.45 

River  Thames 

11.30 

Port  Hood 

Cape  Breton 

7.30 

I 

Longships 

England 

4.30 

Port  Howe 

Nova  Scotia 

8.30 

i 

Lookout  (Cape) 

America 

9.  0 

7 

Port  Jackson 

Nova  Scotia 

8.  0 

i 

Loop  Head 

Ireland 

4.15 

Portland  BUI 

England 

7.16 

i 

L*Orient 

France 

4.  0 

Portland  Race 

England 

9.15 

Lnndj  Island 

Bristol  Chan. 

5.45 

30 

Portland 

America 

10.45 

t 

Lyme  Regis 

England 

7.  5 

Port  Louis 

France 

4.  0 

a 

Ljna  I>eeDs 

England 

6.30 

Porto  Praya 

C.  Verd  Isles 

11.  0 

Port  Roseway 

Nova  Scotia 

8.15 

i 

Machias 

America 

11.  0 

12 

Port  Royal  Island 

N.America 

8.15 

Madeiim 

Atl.  Ocean 

11.30 

7 

PortsmouUi  Harb. 

England 

11.36 

li 

Malacca  Roads 

India 

10.30 

Portamouth 

America 

11.16 

u 

Malo,  (St) 

Franco 

6.30 

PortUgal(Coast  oQ 
Pulo  Pinang 

Europe 

3.  0 

America 

11.30 

11 

India 

1.30 

V 

MaigateRoad 

River  Thames 

11.45 

U 

Q 

Martin  Vas 

Atl.  Ocean 

3.45 

Quebec 

Canada 

8.  0 

Mai7s(St.) 

Scfllj  Islands 

4.40 

Queda  Roads 

India 

10.  0 

( 

Sl^.id°& 

America 
England 
Ireland 

8.45 
6.  0 

R 

Raehlin's  Island 

Ireland 

9.  0 

Mizen-head 

3.15 

Ram  Head 

England 

5.45 

Montroso 

Scotland 

1.30 

Ramsey 

Isle  of  JVfan 

10.30 

Africa 

2.15 

Ramsgate 

England 

11.  0 

Mount's  Baj 

England 

5.  0 

19 

Rbe  Island 

Bay  of  Biscay 

3.  0 

Mount  Desert 

Ameriea 

11.  0 

19 

Rhode-Island 

America 

6.45 

N 

Rio  Janeiro 

S.  Ameriea 

4.30 

Nangasaki 

Japan 

7.33 

Robin  Hood's  Bay 

England 

3.45 

NanU 

France 

4.  0 

Rochefort 

France 

3.  0 

Naots  River  ent 

France 

3.  0 

France 

3.45 

Nassau 

N.  Providence 

7.30 

Rochester 

England 

1.  0 

Natal  Rivier 

Africa 

10.  0 

12 

Rodriques  Island 

Indjan  Ocean 

12.45 

( 

Needles 

Isle  of  Wight 

9.  0 

Roman  (Cape) 

America 

8.  0 

Newcastte 

England 

4.  0 

Roseness 

10.30 

New-Bedford 

Ameriea 

7.57 

5 

Rotterdam 

Holland 

3.30 

' 

Newbarjport 

Ameriea 

11.15 

10 

RyeHartiour 

Eng^d 

10.51 

2< 

New-Haven 

Ameriea 

10.16 

S 

New-London 

America 

8.54 

Sahle  (Cape) 

Nova  Scotia 

8.  0 

Newport 

Wales 

6.46 

Babie  Island 

America 

8.30 

New-York 

America 

8.54 

6 

Salem 

America 

11.30 

i 

Noatka  Sound 

North  America 

12.20 

Salvador  (St) 

S.  America 

3.45 

NoreUght 

River  Thames 

12.15 

14 

Sandwich 

England 

11.  0 

North  Berwick 

Scotland 

2.  0 

Nova  Scotia 

9.  0 

) 

p 

J^ 

T 
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Sandy  Hook 
Searborougfa 
Scaw 

SciJlylfllaadB 
Seallslandfl 
Seine  River 
SebeaBiU 
Sebea  Harbour 
Senegal  R.  ent 
Seven  Islands 
Shannon  R.  ent. 
Sheernesa 
Sheepscut 
Shetland  I.  S.  end 
Shields 
Shoreham 
Sierra  Leon 
Simon's  Bar  (St.) 
Skerries 
Skerries 
Sky  Island 
Sligo 
Slyne 
Smalls 

Somme  River 
Southampton 
South  would 
Spain  (N.  coast  of) 
Spurn  Point 
Start  Point 
Stockton 
Stonehaven 
Stromeness 
Sunbnry 
Sunderland 
Swansey 
Sweetnose 
T 
Tees  Rivet 


New-Jersey 

England 

Denmark 

Eng.  Channel 

Bay  of  Fundy 

France 

England 

England 

Africa 

Lapland 

Ireland 

England 

America 

North  Sea 

England 

England 

Guinea 

America 

Wales 

Scotland 

Scotland 

Ireland 

Ireland 

Wales 

France 

England 

England 

Bay  of  Biscay 

England 

England 

England 

Scotland 

Orkneys 

N.  America 

England 

WfSes 

Lapkmd 

England 


H.    M 

6.87 
4 

12.  0 
4.40 
S.45 
9.  0 
9.36 

11.16 

11.  3 
9.  0 
3.45 

12.  0 
10.45 
10.30 

3.  0 
9.21 
8.15 
7.30 
10.  0 


FT 


5  Telling  (Cape) 
30tl3Terciera 
15  Tezel  ( 


19 


16 


(ent.  oQ 
iexel  Road 
Thames,  R.  month 
finmouth 
Todhead 


30 

0 

45 

15 

50 

10.30 

11.45 

9.  0 

3.  0 

6.15 

5.66 

4.30 

1.  0 

10.30 

9.30 

2.45 

.1:. 

3.301 


16  Torbay 

Tory  Island 
15  Townsend 
IS  Tuskar  Rock 
STypaRoads 
9  U 

6  (Jshant  (within) 
13  Ushant  (ivitbout  in 
16|    the  offing) 
V 
Vannes 
Vincent  (Cape  St) 

W 
Wardhuys 
Watchet 
Waterford  Haib. 
Weser,  River  ent 
Western  Brace 
18  Wexford  Harbour 
^^eymouth 
Whitby 
20  Whitehaven 


Ireland 

Azores 

Holland 

Hottand 

England 

England 

SeoCland 

England 

Ireland 

Afaieriea 

Ireland 

BUver  Canton 

France 

France 


20  Wicklow 

Winterton 

Woolwich 

Wrath  (Cape) 
Y 
12|Yarmouth  Roads 

Yarmouth 
16  Yorkshire  Coast 

Youghall 


England 

England 

Ireland 

England 

England 

Scotland 

England 
Isle  of  Wii^t 
England 
Ireland 


3.4520 
4.3C 


France 
Spain 

Lapland 
Bristol  Chan. 
Ireland 
Germany 
Bay  of  Bengal 
Ireland 


8.45 

9.sd^s 

4.3(1 
I  4.3(^11 
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CONTAINING  MSTHODS  OF  .DETERMINING  THE  LONGITUDE  BY  OBSEAVATIONS 
OF  CCLIPS|»,  OCCUtTATIONS,  StC.  • 

'  THE  Ion|;itude  of  a  place  may  be  dctennined  in  a^  yery  accurate  manner,  by  obr 
•ervmg  tbe  beginning  or  end  of  a  nolar  ealipse,  or  occuhation  of  a  fixed  star  by 
ibe  moon,  or  the  dlffecence  between  the  times  that  the  moon. and  a  known  fixed  star 
pass  the  meridian.  These  obsenrations,  when -made  on  land  with  a  good  telescope  and 
weQ  regulated  time-keeper,  ftirnish^by  far  the  most  accurate  method  of  determining  the 
longit^de,  and  when  made  on  boasd  a  ship  without  a  telescope,  will  in  general  giro  it  to 
a  greater  degpre^  of  accuracy  than  any  other  method  :  'For  this  reason,  it  was  thought 
proper  to  Insert  in  this  Appendix  the  usual  rules  of  calculating  sudi  obsenrations,  by 
means  of  the  Nautical  Almanac.  The  first  thing  to  be  taken  notice  of,  is  the  method 
of  detecmining  the  longitude,  latitude,  &c.  of  the  n^oon  or  other  otdeet,  haying  regard 
to  the  unequal  Velocity  between  the  times  for  which  these  quantities  are  given  in  tbe 
Nautical  Almanac.  This  calculation  is  rendered  much  more  single  by  msJdng  use  of 
the  signs  rf  and  — ,  and  performing  addition  and  subtraction  as  in  the  introductory  rules 
qf  Algebra ;  and  as  it  is  possible  that  these  rules  may  not  be  familiar  to  some  readers  of 
this  work,  it  was  thought  proper  to  prefix  an  explanation,  as  fiur  a»  wiU  be  necessary,  in 
the  pneent  problems. 

'  Quantities  loithout  a  Hgn,  or  with  the  sign  +  prefixed,  are  called  ptmtm  otqffirmutipfj 
9s  7  or  +  7;  and  those  to  which  the  sign  —  is  prefl^jied,  are  called  negaUve,  as — 7^ 
»^ddUkai  of  quanHHes  hating  the  same  sign,  that  <s,  all  affirmatioe  or  ott  fi^psfire,  is 
performed  by  adding  (hem  as  in*  common  arUhmttief  and  pr^fixbig  the  common  sijgn. 
Thus,  the  sum  of  +  ^  <uid  -{-  Zia  -^  7,  The  sum  of  ^  4  r—  3  and  —  5  b  — IS. 
When  Uu  quantities  have  not  the  samt  sign^  the  posiHcf  quantities  must  be  added  into  one 
sum,  and  the  negatioe  inio  ai^other,  as  alwveg  the  d^erence  of  these  two  sum$,  wth  the 
sign  of  the  greUer  sum  prefixed^  tsiU  be  the  sum  of  the  proposed  quantities.  Thus  the  sum 
of  +  14,  —  7,  -j-.'',' ai^d  —  2,  is  fount!  by  adding  +14  -j-  5,  whose  sum  is  -|-  19 ;  and 
then  —  7  and  —  S,  whose  sum  is  -^  9 ;  thedifierence  of  .19  and  9  is  10,  to  which  must 
he  prefixed  the  sign  of  the  greater  number  19,  which  is  +,  so  that  the  sought  vat\ 
»  Hh  10.  •  The  foUowiog  examples  wUl  illustrate  these  rules. 

Add  H-  4  Add  4-  4'  10"  Add  —  4'  10"  Add  —  4'  10"  *    Add  +  1    Add  -4-  6'   0" 

43            +2    5               —2    5               +2    5  — ^  —2   15 

4-7           +4    13 

—  2  Bum  +  6  15  Sum  —  Q   15  Sam  —  2    5  Sum     0          —37 

Sum+^  *  Sum +  4  5i 

^fbtraction  is  petfirmedbyiihanging  the  sign  of  the  number  to  be  subtracted  from  +  Uh-, 
drfrqm  —  to-j-;  and  then  adding  the  numbers  by  the  preceding  rule.  .  Thus  to  subtract 
?!>  3  from  -j-  7  the  sign  of  +  3  must  be  changed,  and  the  numbers  —  3  and  +  7  added 
together  as  in  algebra,  which  by  the  preceding  nala  gives  +  4 ;  and  if  it  were  required 
to  subtract  -r-  3  from  7,  the  sign  of —  3  must  be  cb&nged,  and  -|-  3,  -f  7  added  together. 
The  sum  Hh  10  represents  the  sought  difTerence.  It  is  not  usual  to  make  an  actual 
change  of  the  sign  in  any  proposed  question,  it  being  sufiicient  to  suppose  the  number ' 
to  be  subtracted  to  have  a  different  si^  from  that  prefixed  to  it,  and  to  perform  (he  ope*^ 
ration  accordingly.    To  illustrate  this,  the  following  examples  are  added. 

Fro.  +  4'  10<'  Fpo.  +  4*  10"  Fro.  —  4'  10"*  Fro.  -  4'  10"  Fhi.  +  1  Fro»  —  »  Fro.  +  l 
Sub. +  2    5      Sub.— »    5       Sub.  — 2    5       Sub. +2    5       Sub.  —  1      Sub.  — 1      Sttb.+  l 

Re. 


+  2^   5       Re. 

+  6  15       Re. 

—  25        Re.    —6  15       Re.   +2 

"Re.      0 

Ro. 

Fmm       108 

From  — 108 

From    •lOff  '      From    —108 

From 

—  201 

Sub.         201 

Biib.     -201 

Stt^.     —301  ,       Sub.         201 

Sab. 

108 

Rem.     —  93  Rem.    +  93  Rem.    +  309  Rem.  —  809  Rem.    —  30$ 

Observing  that  i/heft  no  sign  is  annexed  to  a  quantity,  the  sign  +  is  always  undcntodt) 
to  be  prefixed.       -  '  ' 

PROBLEM  I. 
To  fi»\4  the  ItmgUude,  laUtude,  ^c.  pf  the  moon  at  any  given  time  at  Greenwich,  haehig. 
regard  to  the  unequal  velooUy  between  the  times  marked  in  the  ^auticql  JUmmiaCj     The 
intervals  ^  these  times  bdng  12  hours. 

RULE.    • 

Take  (torn  the  Nautical  Almanac  the  two  longitudes,  latitudes,  &c.  pext  preceding 
the  given  time  at  Greenwich,  and  the  two  immediately  following  i^  and  set  them 
down  in  succession  belo^  each  other,  prefixing  the  sign  +  to  the  southern  latitude, 
or  declinations,  and  the  sign  —  to  the  northern.  Subtract  each  of  these  quantiti^ 
ftfim  the  foUorring  for  the  pst  differences,  and  call  the  noddle  jDmn  arch  A ;  s^^fPti^t 
:^        •  Go  (Tab.)  .  . 
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each  first  difference  from  the  followftg;  for  the  second  d^erences,  and  take  Hhft  balf 
sum  or  mean  of  Uiem,  which  call  the'arch  B,  noting  the  aigns  of  the  qu^otitiea  as  m 
algebra. 

Find  the  difference  between  the  given  time  and  the  second  time  taken  from  the  Nau- 
tical Almanac,  which  call  T,  then  to  its  logarithm  add  the  log.  of  A  aod  tl»  < 


logarithm  5.36458,  the  sum  rejecting  10  in  the  index,  will  be  the  kgarithm  of  the  |Hf»- 
porlianalpart*  Co  which  prefix  the  s%n  of  the  arch  A ;  observing  to  expfesa  ill  t&eae 
quantities  in  seconds.  .  ' 

^ter  Table  XLV.  with  the  arch  B.at  the  top  and  the  time  T  at  the  aide,t  onpoAe 
to  this  will  be  tiie.  correction  of  second  differences,  to' which  prefix  a  d^ereai  sign  ftnoa 
that  of  the  arch  B,'  and  place  it  under  the  proportional  pert  foond  above,  md  the  second 
quantity  taken  from  the  Nautical  Almanac,  and  connect  these  three  qaaatities  teseAer 
as  in  addition  in  Algebra ;  the  sum  will  be  the  sought  lonptude,  hoitode,  &e.  The  lati- 
tude or  deeltnation  beinl;  south  if  it  ha^  the  sign  + ;  norfft  if  it  has  Che  sign  — % 

EXAMPLE  I. 

Required  the  bngitudes  and  latitudes  of  the  moon,  December  12, 180%  at  iSk*  4^- 
2^'  and  17h.  Inu  29^^  app,  time  by  astronomical  confutation  at  Greeowich,  which  ««C'- 
respond  to  the  iaunersion  and  emersion  a£  Spica,  calculated  in  Problem  TIL 


1808.  Dec 

HloDg.N.A. 

i«.  diff. 

D 

»     •     '    " 

O      »      n 

12  noon 

6    10  45  20 

s  ^  6  16 

12  midn. 

6    17  51  36 

A    7  11  18 

tSnooB 

6    25    2  64 

7  16    5. 

13  mida. 

7      2  18  5S 

2(t4ia. 


+445 
B= +4.54.51 

IMMERSION. 


D  iaUt  6. 


Constant  5iS6452 
T=  Sh.  4r  29"=  13709"  log.  4.13701 
A=  7     11   48  =25878  log.  4.41899 


+      2     16   52.2=  8212^         log.  3.91446 

+6  17    51   36    Seoood  longitude. 

—  31.9  Tab.  XLV.  8=^4' 54' .5 


.6  20      7  56.3  H'b  longitude. 


+  1.55   liJOj^'shlilndesoatli.' 


EMERSION. 


Constent  5.36462 
T=5  5h.  1'  29"=- 18089"  log.  4.25742 
A      7     11    18  s:  25878  log.  4.4l2S(3 


+     3      (f  36.0^=  10836  log.  4.03487 


'+6  17    51    36    Second  longitude. 
^  SS.S'Aible  XIV.  Bs^'  ^".5 


16  20    51  36.1  2)yloogitqde. 


A=-    36*  45"»~4ZS66' 


—     15'    23"  3  =9.-9S3iS 


+2    6 

+ 


87    Second  latitodBi 
15.4  Tab.  XLV. 


+1*51    29.1  ]>'8  tetitiide  toath. 


These  quaaHties  are  made  use  oC  in  Problem  VIL 

EXAMPLE  II. 

Required  the  longitudes  and  latitudes  of  the  moon,  June  l6,  18016,  at  Sh.  49*  56. "1 
and  5h.  34'  6''.6  app.  time,  astronomical  account  at  Greenwich,  which  correspand  near- 
ly to  the  beginning  and  end  of  the  total  eclipse  of  the  sun  as  observed  at  Salem. 


1806.  Jane. 
15d.  midn. 
16 


>  long.  N.  Art     Ut-dlA 


S  14  48  56 

3  22  6  19 

S  29  27  12 

8  6  5047 


7  17  21 

A720  53 

7  23  35 


^.dlff. 


+3  82 

+3  42 

B=3+3    "y 


^  ht.lf.A. 

—1   14    6 

—0  84  13 
+0    62 
+0  47! 


1st  < 


+88  53 
A.+4a46 


Bss+SI 


*  Tlds  may  be  foond  to  minutes  bj  Table  XXX.  bj  entering  It  at  the  top  with  half  (he  arch  A  (becaaae 
the  table  extendftonly  to  3»  4^;  and  at  the  ride  with  the  time  T;  tbe  resaU  doabled  will  be  aevd^f  |he 
■oagfat  proportional  part ;  hut  the  table  not  being  calculated  to  seconds,  it  is  bard^  eccorale  CBpagli  a»be 
used  in  caleolatinff  eclipses.  This  correction  may  also  be  found  \yf  proportion ;  1^  saying  as  IS  hOBSsafe 
to  tbe  time  T,  eois  the  arch  A  to  the  sought  proportional  part,  and  this  method  Is  tbesliartesl  whn  Tis 
an  alifpiot  part  of  IS  hovrs.  ThusifT  be  e,  6  or  9  hours,  the  nroportloilal  part  wlH  be  i^  |  or  |  of  l&e 
arch  A  respectively.  This  method  is  made  use  of  in  Problem  XVIL  in  faitefpofetlilg  the  dittaiioesof  fte 
moon  and  sim. 

t  If  the  areh  B  oonrists  of  minutes  and  seconds,  tbe  correction  for  miaates,  tens  of  seooodsaadaakset 
aaesnds,  must  be  foond  separately,  the  sum  of  these  tbrve  pans  will  be  the  sought  cwrettiosu  IMpar. 
tfoaal  parts  fbrlhe  mfarates  of  thr  time  T  may  be  taken  bk  ifaidinglhe  eorreeUso  of  thiitaMtwfcfsriSi 
sary.  In  this  nil«,pwrtol  the  correction  of  third  dilTereace  te  neglected.  TUs  pan  never  eicciil  vH 
of  tbe  third  differences,  and  rarply  aauunis  to  a  small  fraction  of  a  aeeond.  ' 
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SmoikI  lopeitude 
»        8    7    TabTiffiv. 
>'s  tongitude 


BEGIKNIKG  AT  tt.  4y  W,  l=T. 
*28.    22''    6'  19" 
+      1    4S    5a8 


16.8 


SacopdWnfl 
A7»20'W* 


d    7 


Prop.pBrt- 
T«b.3aV. 


2 

23    50     2i) 

28. 

+ 

END  AT  Si 
23«    6'  19" 
S   '24   36^ 
282 

2 

25    90   31.1 

Second  latitude  N. 
A  40'  46"  Prop,  part 
B       SI    Tab.xLv. 


—  0*  34'  18" 
-f-         9   37U) 

—  2.8 


]|'8  latilnde  N. 


Second  latitude  N. 
A  40*  46".  Prop,  part 
Vs3i"  Tible  xLv. 

]^*9  luitudc  N. 


—  0 

24 

38.8 

—  VS4' 

13" 
55.0 

a.8 

-^0 

15 

21.8 

The  J»ropoitional  parts  of  the  arch  A  were  calculated  fai  this  example  by  arithmetic 
withooWogarithwut.    By  obiiervations  of  the  eclipse  on  that  day,  it  was  found  that  the 
iiioon*B  longitude  was  too  great  by  58". 5  and  her  latitude  too  great  by  ll".4.    Tlfts* 
correctkais  ace  applied  to  the  above  longitudes  and  latitudes,  in  calculating  the  eclipse  • 
in  Problem  VI. 

.  Memark  1.  It  will  not  be  nccessaty  to  take  notice  of  the  second  differences  in  calcu- 
lating the  parallax  or  semi-^ameter  of-  the  moon,  or  any  of  the  solar  elements  useful 
in  cidculating  an  eclipse  or  occultation. ,  In  this  case  the  quantity  immediately  preceding 
^d  ibMowii^^  the  jproposed  time  at  Greenwich,  must  be  taken  from  the  Nautical  Alma- 
nac, and  their  difierence.vill  be  the  arch  A,  also  the  .difference  between  the  proposed 
<ime  and  that  taken  first  from  the  Nautical  Almanac  is  to  be  called  the'  time  T.  Then 
bj  proportion,  as  the  interval  between  the  times  taken  from  the  Nautical  Almanac  is 
to  the  time  T,  so  is  tho  arch  A  to  the  correetion  to  be  applied  to  the  first  quantity  taken  # 
ik«m  the  Nautical  Almanac,  additive  if  increasing,  subtractive  if  decreasing.  This  cor- 
jrection  may  also  be  found  hy  logarithms  as  above,  using  the  constant  logarithms  5.36462 
if  (he  interval  of  the  times  in  the  Nautical  Ahnanac  is  12  hours,  and  5.06349  if  the  in- 
terval is.  34  hours.  The  proportional  part  of  the  moon's  parallax  and  semi-diameter 
may  also  be  found  by  Table  XI.  and  thait  of  the  solar  elements  by  Tables  XXX.  XXXI. 
as  taught  in  the  explanation  of  these  tables,  to  exemplify  this,  the  rest  of  the  quanti- 
tDes  requisite  in  oakulating  the  eclipse  and  occultation  (Frob.  VI.  VII.)  are  hei^  found. 


EXAMPLE  I. 

1808. 
Dec.  12  midn. 

n.  B.J}. 

16'    17" 

& 

H.P. 

46" 

1808. 
I>ec.  12  noon. 

8s.a&«22^  4"  1 

©R.A. 
17»».  18'   4  "  4 

Dec  13  Dooo. 

16     23 

60 

0 

13  lioOB. 

8  21   23    10 

17     22  29    5 

DifferaoceA. 

6 

20 

Difference  A. 

1      1      6 

4  25    1 

Pro.T=ai.4r29" 

1.9 

6.3 

Pro.  T=l6»i.  48^  29  ' 

40    15 

254    tL 

<;onnespoad.  values 

16     1&9 

59 

52^ 

Oorrenwnd.  val. 

8  21     2   19 

17     20  59    0 

Pro.TSS.1'29" 

2.5 

S.A 

Prr>.T=l7h.   1*29" 

43   21 

3    8    1 

CorretpoDd.  values 

16    ia5 

59 

54.4 

Conespon^.  val. 

8  21    .fi  25 

17     21  13    a 

:EXAMPLE  II.     . 

1806. 

Jane  16  boob. 

D.  8.D. 

16*    2T' 

^- 

S.H. 

21" 

1(108. 
June  16  nooiT. 

(9  long. 

84^34'    18" 

$R.A. 

/*.  36'  20 "« 

^16  midn; 

16     SO 

60 

S-i 

17  ndon. 

85    31    35 

5     40    80    0 

1Wlkreno«i  A.  ^  _ 

+    a7 

16     27.7 

1 

13 

Differences  A. 

57    17 

4      9    4 

Pr.partT.2h.«'5a".l 

3.1 
24.1 

fr.partT.2ii.49'S0'M 
G«trrcspond.  val. 

+     6    45.4 
84    41      &4 

+    2H    4 
5      36    50    0 

Pr.partT.5iu  84' 6".6 

+       1.4 

.+ 

6J0 

Pr.  part  T.  Sit  34'  6".6 

+    13    17J 

-f    57    9 

Oorrespond.  vaL  . 

H     28.4 

1  60 

27A 

Correspond,  val. 

84    47    35:6 

5      37    18    5 

The  semi-diameters  thus  found  must  be  decreased  2^^  for  inflexion,  and  augmented 
liy  the  correction  Table  XUV.  in  calculating  an  eclipse  or  occulUUoA  by  Problem  XIII. 
or  in  deducing  the  longitude  from  obncrvaiions  by  Problems  VI.  VII.  VIII.  or  !X. 

The  sun's  semi-diameter  by  the  Nautical  Almanac,  June  13,  1806,  was  16'  46".3  and 
June  19,  1806,  was  W  45'\9.  Hence  at  the  above  time  it  was  15'  46".l.  This  in 
eclioses  of  the  sun  must  be  decreased  3}"  for  irradiation. 

Remark  2.  The  above  rule  for  calculating,  the  second  differences  of  the  lunar  mo- 
tions where  the  intervals  m  the  Nautical  Almanac  are  12  hours,  may  be  made  use  bf 
when  the  intervals  are  three,  six,  &c.  days,  (as  is  the  ease  with  tMi  elements  of  the 
notionB  of  liie  planets)  by  taking  two  longitudes,  1atitudes,.&c.  before,  and  two  after, 
the  given  time  at  Greenwich,  and  thence  deducing  the  arches  A,  B,  and  the  longitudes, 
latitudes,  Ice.  and  then  making  use  instead  of  T,  of  the  qualient  of  the  di^rence 
between  the  given  time  and  that  marked  in  the  Nautical  Almanac  against  the  second 
longitude,  &c.  divided  by  the  number  of  half  days  in  the  given  intenxiL  Thus,  if  the 
intenral  is  one  day,  the  divisor  is  two  r  if  the  interval  is  3  days,  the  divisor  is  6 ;  and 
if  the  interval  is  6  days,  the.  divisor  is  12.  Thus  if  it  were  required  to  find  the  geo- 
centric londtode  of  Jupiter  July  14d.  13h.  80',  1808,  astron.  ace.  at  Greenwich,  the 
work  would  be  oa  follows. 
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Juiy    7 
18 

19 


U  long.  I                                      It            Second  lorigitode  .    .   .    .  ll«.  17*  flV    0 

*'  lis.  I8»    2^                                             j  A=:~11'  FroiKtart —     «  « 

II     17    50              —  y              —8         D=— 7'  TEb.  XLV. -f-           <" 

\\    \l    S  ""=1?         B-^?      I            UU^ngiU^       .-.    .    .    .  11     17'  »   48 

In  this  example  the  time  T,  is  3h.  7'  30^',  found  by  dividing  by  12,  the  interval  between 
July  13  and  July  I4d.  13h.  30".  In  general  the  correcuon  of  Table  XLV.  naj  be 
,  neglected  in  calculating  the  places  of  the  p];uMta,  In  the  abore  rule  the  intervtia  of  time 
at  which  the  longitudes,  &c.  are  marked  in  the  N.  Ax  are  Apposed  equaL  If  thatshonUl 
not  be  the  case,  the  correction  Table  XLY.  may  be  neglected,  on  account  of  the  tioiiblo 
of  calculating  it. . 

PROBLEM  II. 
To  find  the  kermy  moHon  qf  the  moon  in  long,  lot,  4<*  ^  »iy  gitkh  tune  «f  GfunwUk, 

RULE.  ^ 

3:'ake  Arom  the  N^tkai  Alinanac  the  four  longitudes,  latitude^,  &e.  two  immediately 
iireeeding  the  given  time  at  Greenwich,  and  tjwo  immediat^sly  following.  FmAx  the  mpt 
'  -j-  to  the  southern  latitudeti  or  dedinailbns,  and  the  sign  —  to  the  northern.  Theo  fiod 
the  first  and  second  differences,  the  Arch  B^  and  the  time  T,  as'  in  Prohlem  I.  The 
mean  of  the  two  first  diiferences,  noticing  the  signs  -as  in  algebra,  will  be  the  oppniimeaL 
motion  in  12  hours. 

To  the  proportional  logarithih  of  one  fourth  part  of  the  time  T  add  the  propoTtioftal 

logarithm  of  the  arch  B,  the  sum  will  be  the  proportional  logarithm  of  the  oorreAiim  of 

the  approjdmaU;  motion,  to  be  applied  to  it  with  the  same  w^  as  the  treh  B,  and  the 

corrected  motion  of  the  moon  in  13  houxs  will  be  obtained,*  which  dirided  by  12  w3I 

^  Eire  the  boralry  motion. 

•  •        £XAMi»LE  L 

Required  the  horary  motions  of  the  moon  in  longitude  Dec.  IS,  1808,  at  I5h.  48^  99*^ 
^d  17h.  1' 29''^  app.  time  at  Greenwich. 

This  corresponds  to' Example  I.  preceding,  in  which  T=ah.  48^  99^'  and  5h.  l'  99^'. 
The  two  first  differences  in  longitude  7°  ^  16"  ^d  7°  11{  18";  their  mean  7°  8f  47"  is 
the  approximate  motion  in  12  hours,  and  the  arch  B  is  4^  54'\5.*  The  rest  of  the  calcu- 
lation 15  ae  follows.  « 


At  Ifih.  48  29"  T= 
Ailib  D    4'  54" 

i3h.  48'  Zr 

1.5644 
4985 

.  2J0629 

At  m.  1'  29"  T=Wi.  r  29 ". 
1^44 

i    T67      7 
C<>lf.+   1    S3. 

J-  T  Ih.  15'  22" P.  L.     3781 

Corr.+                  2'  3 P.t.  i.ai25 

Apprdk.  mot      7    8  4t 

M.Bft6t    ^    S,47 



18  boiin  7  10  ao 

ISo,  12  l)oiu-i       7  10  M 

In  I  boor  35  .51.7  (       la  l  hoor  35  54.2 

In. a  sfanllar  manner,  if  the  horary  motion  in  latitude  was  required  at  13d.  I7h.  3^,  the 
two  first  i^efences  in  latitude  are  ^  34^  21^  ftnd  —  36'  45",  their  mean  —  3^  Sy'  b 
the  a^roximatd  knotion  in  IS  hours.  The  correction  found  by  the  abore  nde  with  the 
time  T.  Sh.*33'  and  the*aich  Bss^ff,4/'.S  is  —  59^',  whence  the  tnie  motion  in  18  hoars 
is  —  i^'  32^  whioh  divided  by  18  gires  the  horary  motion  —  3'  8^.7.  The  negattresqin 
— ^  indicates  that  the  nof^  polar  distance  is  demaaing,  the  poative  sign  +  that  tt  is 
Increasing.  In  the  present  example  the  north  polar  distance  Was  decreasing,  and  as  the 
latitude  was  soutii,  it  was  also  decreasing;  as  Is  evident. 

EXAMPLE  IL  ^ 

Reqalred  the  horary  notiotts  df  the  moon  In  longitude  June  16, 1806,  it  Sfa.  49^  Str.l 
and  Sb.  34^  6".6  tqip.  time  by  astrononrical  computation  at  Greenwich. 

ThU  certftspdnds  to  Example  II.  pfecedibg,  in  which  T=2h.  49"  5(f' .1  and  &h.  $4'6''.6^ 
the  two  first  aiTereneeft,  are  7®  17'^81"  and  7^  aC  53",  the  mean  of  whidi  7^  ly  7^  ia 
the  apprrafaiale  motion  ki  18  hours,  the  arcli  B  is  -f  yt^ 

•  The  OMHloii  io  12  houn  thiMobtamed,  wbicb  for  disUucliun  will  be  called  the  arch  K,  Is  aoc  peHbctIr 
•ceumte,  Au6t  tbk  AIM  aiid  higber  orriers  ordiffc^euees  aiv  neglected ;  bat  the  aarary  oMlott  ffc«^<eii 
therefrom.  Is  sAaadaAdy  tulBeieni  tor  the  ponme  of  prqjecting  an  ^dipte  or  oecoltatka.  Whea  rra«ier 
accuracy  Is  required,  lbs  thlid  dlffeieBees  a\nj  be  taken  in(o  aecoeBl  In  the  IbUowfaig  aamier.  Baviar 
foand  ihe  Moamd  HOknufon  a«above  dlreetnJ,  subtract  the  firai  iif  thf«n  fron  the  Mcood,  aod^  Ine  mgm 
as  In  Al^bi^,  and  mW  fbft  rniiaindsr  the  arch  b.  Enter  Table  XIV.  'with  this  areh  at  the  tapw  a^  liw 
time  T  at  the  side,  and  talTe  <Ait1lie  eDm^ntMidmg^Qorrection  which  b  to  be  HicKased  by  ane  sixth  part 
ef  thp  arrb  h,  wllhoot  not  ng-the  signs.  To  the  quanritv  thos  foand  i<  to  be  prefixed  a  sigs  difMnC 
/hsm  that  of  the  arek  h,  and  thett  It  bto  be  ap(>lled  to  tiie  arch  M  with  its  sign  vi  ofavsln  the  tt«e  — tisa 
4a  IS  hours.  Thos  in  the  abcta^  etftmple  the  Mcwnd  a^rmoet  of  longitude  are  -4-  5^  8"  4* 4'  ^'-  ^^' 
tracUnr  the  fonner  CtmB  the  iafth-,  -leaves  the  third  tliffefenee  nr  ar^  » s  —  45".  Ooiniiimiii^  to 
tbiMnd  the  time  T  8h.4r  » "in  Tabi»  XLV.  Is  l'\6  which  faicreased  faj«M|lsfh  orhaer -SgiMSihv 
sought  eorrectloc  4".t  <ir  4".  to  wMeh^ost  be  i««flMd  the  sign  -f  (beeanae  the  sign «(  k  Is  aiffm) 
amChig  It  +  4".  This  eoimected  with  the  arch  M  =:  -f  r>  |0'  ao^'-glves  the  true  motloa  fei  n  hem 
"**  10'  §4"  wheaeethe  bonuymothn  is  3Sr  te".  Inasimikraaimer,irihethlrridiflht«»ees«irssa^^ 
in  the  above  anmple  for  Aadiair  the  hoiary  awtioii  in  lathode,  the  two  s»earf  dtjfti^r jare^  V  y  »nd 
:;<  '11?"  **«  awklss^- B*"  ibe  conectton  of  the  nMtioa  in  I2  bonmqm^^'^T^tS.'jipl^  «  - 
3*.  45"or3'3"»5i»ft'bour.  O 
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At  ab.  49^50"  J=T. 


Arch  B=  -f  3'  7" 
i  Tidie  Ts      42  27 

Correcliptt  H-  0^4 
^pprox.  mot.  '  JTiB  7 
Hot.  In  12  hours  7  19  51 
MQl.iiiibour       S6  8Q.3 


P.L.. 
P.L. 


■  i.7eif 

6274 


2^890 


•At  5h.  34'  V'JBszT 
iT=:lh.23'*32"'p.L. 
CorrecUQU      -f*  1 27     P.  L. 
•   -       -       -        -     7  19  7 
Mot  in  12  Uours        7  SOm' 
Mouinkhoiir  36  42.8 

EXAMPLE  III. 


2^0950 


pfteqiiired  the  motion  of  the  moon  in  ri^fat  a«cen«ion  in' 12  houril!  supposing  If  to  Inereate  vnlformljr 
w^h  the  velocity  It  bod  July  4tb,  1808,  at  0b.  26'  app.  time  at  Qreeuwicb,  l)y  astronomical  comphia- 


Jii|y3,mid. 
4,  noon 
4^  mid. 
fl,noott 


DR.  A 

7'» 

29* 

233    2t? 

A7 

35 

241     01 

7 

38 

348    39 

B«=44J' 


B=4*A)''  P.L.       1.6021 

i  T-7^h.  21  aO  p.  L.  I04fi 

CoiTection  +  a-32  P.L-       1-7061? 

Approx.  mot.      7  32  0  •  * 

Tnie  mou inl2h.736  33 or  30'.23".t  i«time. 
In  ibU  example*T=9b.  SB'  and  the  approx.  mdUon  ia  the  ball  &um  of  7<»  29^  and  7«  35'. 

REMARKS. 

1.  When  it  is  required  to  find  the  motioa  of  the  mooif  in  any  gi?en  iaterral  of  time> 
the  motion  in  19  hours  must  be  found  for  the  middle  of  that  interval. 

SL  In  calculating  an  occultation  of  a  star  by  the  moon,  the  relative  horary  motion  in 
longitude  is  the  same  as  the  horary  motion  of  the  moon,  because  the  star  iff.  at  rest ;  but 
4n  oalculating  a  solar  eclipse,  the  sun's  horary  motion  must  be  found  in  page  111.  of  the 
Nautical  Almanac,  and  subtracted  from  the  moon's  horary  motion  in  longitude,  the  rc- 
-maindep  will  be  the  horary  moHon  of  the  moon  from  th^  smi  in  longitude.  .  Thus  on  the 
l6th  oif  June,  1806,  the  sun's  horary  motion  wojs  2f  SS''.!,  which  subtracted  from  the 
.-horary  motions  fpund  in  Example  II.  36^  '39^'. 2'  and  36'.  4Sf\8  leaves  the  corresponding 
horary  motions  of  the  yioon  from  the  sun-in  longitude  34'  lb".l  and  34'  19^^ 7. 

As  the  8Ui\  has  no  sensible  motion  in  latitude^  the  relative  horary  motion  of  the 
moon  from  thfi  sun  in  latitude,  is  the  same  as  the  true  horary  inotion  of  the  moon  iu 
latitude. 

3.  The  horary  motion  of  a  plan£t  may  be  found  in  a  similar  manner,  making  use 
of  the  arehes  A.  B,  T.  found  as  in  Remark  3,  Problem  I.  Thus  if  the  horary  motion 
of  Jupiter  wa»  requked*July  14,  1808,  at  13h^  30^^  the  arch  B==  —t  T=33h.  T  SO'', 
and  the  approximate  motion  in  the  interval  6  days  is  tho'  half  sum  of  the  two  first 
differfence»— 3'and— 11',  namely— ro".  Thecer-.  B=— 7'  P.L.  1.4102 
rection  found  as  in  the  adjoining  calculation  is — 1'         ;|  T==:46  &S     P.  L.  5844 

49",  hence  the  motion  in  6  days  ja — 8'  49"^  whence 
the  horary  motion  is-^3^,67.  •  The  negative  sign  in- 
dicates that  the  motion  is  retrograde,  or  contrary  to 
the  order  of  the  signs :  in  this  case  the  relative  mo- 
tion of  the.  moon  from  the  planet  in  longitude  wopld 
he  found  by  adding  their  horary  motions,  because  the  Motion  ^-  8  49  in  six  days, 
motion  of  the  moon  is  always  direct  Similar  remarks  may  bo  made  in  .finding  the  ho* 
rary  motion  -of  the  mpon  from  the  planet  in  latitude.  .  . 

•  PROBLEM  III. 

Te  find  the  time  d/  thi  ecKptio  eonjwicUanor  oppoaition  of  the  nUMi  wUh  the-^-  a  pidnet^ 

oraAxedatar^  .   • 

The  time' of  the  ecliptic  conjunction  of  the  sun  and  moon  is  die  same  as  ^e  time  6f 
new  moon  givim  for  the  meridian  of  Greenwich  in  the,  first  page  of  the  month  of  the 
Nautical  Almanac.  Thus  in  Januaiy  180S,  the  ecliptic  cotuunction  is  on  the  27th  day 
at  4h.  9'  apparent  time  at  Greenwich.  ^  The  jttmes  of  the  ecliptic  conjunction  of  the 
moon  and  those  fixed  stars  with  which  there  may  be  an  occultation,  are  also  given  in  the 
same  page,  bemg  marked  with  Bayei^s  characters  of  leferonce.  The  time  of  con}une- 
tion  is  placed  first,  then  the  characters  of  the  moon  and  star^  or  moon  and  planet. 
Thus  in  1806,  December  ISd.-  I7h.  131  }^  aV\,  signifies  that  on  the  I2th  day  of  Decem- 
ber at  17h.  S3'  apparent  thnO'  at  Greenwich,  the  moon  was  in  ecliptic  coiuunction  with 
the  star  Spica,  whose  character  is  a  fTU  and  that  there  might  be  an  occultation  of  that 
star.  Also,  December  15, 1608,  5h.  53'  D  ^  signifies  that  at,  that  moment  apparent 
time  at  Greenwich,  the  moon  and  Saturn  were  in  ecliptic  conjunction,  and  there  m^t 
be  an  oceultation  of  that  planet  These  times  being  reckoned  according  to  astronomical 
compQtataon,  and  in*  calculatdog  them,  no  Attention  is  paid  to  the  parallaxes.  The  time 
of  the^  ecliptic  opposition  of  the  sun  and  moon  is  the  same  as  at  the  time  of  ftill  moon 
;*glven  in  the  same  page  of  the  Nautical  Almanac.  Thus  the  fall  moon  or  ecliptic  opno- 
ffltton  in  May,  1808,  -was  9d,  I9li.  39'  «t  Greenwich. 

uiyiLizeu  uy  x-j  v_a  v^ pc  iv^ 


Corr.     —  1  49     P,  L.      .1.9946 
Ap»  mo.  —  7    0 


t}T6     TO   PIKBTHB   ECLIPTIC    CONJUNCTIONi  OE  THE  SUN  AND  titOOlf. 

•# 

The  time  of  the  eeliptic  cOBjibctiotiy  as  giveii  in  the  Nautical  Almwiacj'iae^aflj  Goni» 
imted  from  the  geocentric  longitudes  of  the  ohjecti ;  and  as  it  may  aometimea  be  le- 
quired  to  seeondB,  the  rale  ii  here  inserted,  adapted  to  the  cakuhOlon'of  thecoigusctioii 
of  the  sun  and  moon,  which,  with  a  slight  modification,  will  answer  for  any  of  the 
planets. 

RULE.  • 

Take  from  the  Nautical  Ahnanac  the  two  longitudes  of  the  sun  and  moon  at  the  noon 
and  midnighf^  preceding  the  time  of  the  conjunction,  and  the  two  immediately  follow- 
ing. Subtract  the  longitudes  of  the  sun  from  those  of  the  moon,  not^ig  the  signs  as  in 
algebra,  the  remainders  will  represent  the  instances  of  the  sun  ftt>m  the  moon  on  the 
ediptic.  Subtract  each  of  these  from  the  Mowing  to  obtain  the  first  diiffereneet,  md 
call  the  middle  term  the  arch  A,  subtract  each  of  these  difierences  from  the  fellowdi^ 
for  the  Mteond  t^jfermcea,  and  take  their  half  sum  or  meein  for  the  arch  B,  noting  the  signs 
as  in  algebra.  .  ' 

To  the  constant  logarithm  4.63548  add  the  arithmatical  complement  of  die  log,  of 
fhe  arc|)^  in  seconds,  and  the  tog.  of  the  second  of  the  above  found  distancas  ia  se- 
conds, the  sum,  rejecting  10  in  the  index,  will  be  the  logarithm  of  the  lapproiimats  nJoe 
of  TinseiOnds. 

With  thu  time  T  at  the  side  of  Table  XLV.  and  the  arch.B  at  the  top,  find  thfe  ei|iia- 
tion  of  second  difierences,  th%  logarithm  of  which  added  to  the  two  fint  logaiilthms  used 
in  finding  T,  will,  in  rejeetiog  10  in  the  ind(^x,  give  the  logarithm  of  the 


the  approximate  time  T  in  seconds,  to  be  applied  to  it  with  the  tmme  tigm  &s  tkt  arch  B^ 
and  the  apparent  time  of  the  conjunction  at  Greenwich,  counted  firom.  the  sacomd  noon 
.  or  midnigbtr  taken  from  the  Nautical  Almanac,  wttl  he  obtained.  From  whidi  Ika  tiasa 
of  conjunction  under  any  other  meridian  may  be  easily  obtained,  by  adding  ta  U  thelOA- 
l^itude  in  time  when  eait^  or  subtracting  when  loest.  •         .    • 

Rbmark  I.  When  the  time  of  the  ecliptlt  conjunction  of  the  moon  and  a  planet  fa 
required,  the  longitudes  of  the  planet  must  be  found  by  PfoUein  I.  for  the  Boon,  and 
midnight  immediately  preceding,  and  those  immediately  following  the  time  of  the  < 


junction^  and  these  are  to  be  used  in  the  above  note  instead  pf  the  saB*s  longiiadas^ 
If  the  ecliptie  conjunction  of  the  mpon  with  a  fixed  star  is  required,  Its  longitude  must 
be  found  in  Table  XXXVII.  and  corrected  for  the  equation  of  the  eqoinoxes  and  ahcna- 
tion  by  Tables  XL.  XLI.  as  shown  in  the  explanation  of  those  Tables.  This  langHnde 
is  to  be  used  instead  of  the  sun*s,  in  the  above  rule. 

Remark  IL  By  the  same  rule,  the  time^  when  the  moon  is  at  any  distniiee  ftoa  tfca 
sun,  may  be  found,  by  increasing  the  sun's  longitudes  given  in*the  N.  A«  hythefoantitj 
the  moon  is  supposed  to  be  distant  from  the  sun,  counted  according  to  the  order  of  the  , 
eigns.  Then  supposing  B-ficHoua  sun  to  move  so  as  to  have  these  increased  isn^itudes 
at  the  corresponding  times,  and  finding  by  the  above  rule  the  tinke  of  coiunnctloii  of  the 
moon  with  this  jlc(im»  sun,  which  wall  be-  the  souafat  time  when  the  moon  is  at  the  pro» 
posed  distance  from  the  sun.  Thus,  to  find  the  tune  of  the  first,  see(md,  or  thM  ^nai^ 
ter  of  the  moon,  the  sun's  longitudes  must  be  increased  3,  ^  or  9  signs  laspettirajy 
{rejecting  as  usual  12  signs  when  the  sun  exceeds  that  qvantity.)  Tkns,  if  l!he  mt 
quarter  of  the  moon  which  happened  after  midnight,  July  99,  1806,  was  requirad.  Hie 
sun's  longitudes  increased  by  3  signs  give  tiie  longitudes  of  the)klJo«s  mqi  July  tM-Ohj 
29d.  ISh ;  30d.  Oh ;  and  30d.  12h.  respectively,  7s.  6°  ^  44\  78.  SOJi'  S^,  7a.  r>3r  9^ 
and  7s.  7^  31'  51".  The  longitudes  of  the  moon  eonenondiitt  are  6a.  93^  49^  19^, 
7s.  (P  53'  34'',  7s.  7^  57'  30",  and  7s.  15°:  0'  57".  Hence  the  time  of  the  comwictioa  of 
the  moon  with  the  >lctiou^  sun  found  by  the  above  n^e,  was  July  S9d.  SSh.  Sl^at  GraeB- 
wich,  which  is  the  tjpie  of  the  first  quarter  required.  In  a  similar  manner,  hy  iacreasins 
•the  longitudes  of  a  planet  or  a  star,  the  time  may  be  founjd  when  the  moon  Is.at  anj  pro*- 
posed  cTlstance  horn  it  '     '  *         . 

EXAMPLE. 

Required  Uie  time  of  the  ecliptic  conjunction  of  the  son  and  moon,  in  Jan.  16087 


J  808^  Jan. 

26d.  13h. 
27      0 
27     12 
33      0 


]>  Loot.    0  Long.    }    Dlslanees. 


10  4  -as  S-'IO  6  27  .56 
10  10  M  3—10  6  SS  26 
10  17  U  41^10  7  38  56  4-8    42    46 


—2  2  54 
44  61  37 
4-8    42 


1 A  dlff.  r  9d.  diC 


9  27  56  46—10  5  57  26  —8      Q    40 

"  —  a    15 


4-  5    57 
As4.5    54 
4-5   51 


^ 


^3    23 
s— 3    Ii 


!  4.63548  

A  50  54' 31"=  21271  log.co  sr.        &e72JI  

Sdls.        2     2  54  =    7374  log.  3.86110  Tab.  XLV.  Cor.  33 '.4  log,  l.S9Q8i 

T  14976"      =  411.  d'  36"  4.17538  Correction  46"  kfs.  VOm 

<;orrectiott  — ^ 


Conjunction  4   8    51  past  noon  ^an.  27,  at  Greenwich,  apparent  tfiBse*  vUcb 

agrees  nearly  with  4h.  9'  marked  in  the  Nautical  Almanac.      The  time  of  canjwc* 

•  ihe  8un»s  ioqj^tudc  at  inidnigbt  is  the  mean  of  the  toogitwles  on  thf  pi«eediiig  snd  followinf  vavm$. 
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tiOB  vndnr  any  other  meridian,  af  for  examiile  309  W.  is  found  by  sabtractiiig  the  longi- 
tude 9h.  frnm  4h.  ^  51^  which  leaves  Sh.  8'  51".  If  the  longitude  had  been  30°  E. 
Die  tiae  of  eoiqunetion  would  have  been  6h.  8'  51". 

Hie  anal  method  of  ealeuiating  the  parallaxes  in  eclipses  of  the  son  or  occidtations. 
Is  that  by  the  fion«gestmai  or  ninetKth  degree  of  the  ecliptic  above  the  horizon.  Sere- 
nl  matliods  have  teen  proposed  for  calrnlating  the  altitndes  and  longitudes  of  this  point, 
wUch  tie  xoMired  at  each  of  the  phases.  The  foHowiog,  wl&ch  b  an  improveiaent  on 
that  given  In  La  Lande's  Astronomy,  seems  well  adapted  to  the  purpose,  since  several 
of  the  logarithms  are  the  same  at  each  of  the  phases,  which  much  abridges  the  eakula* 
tlon,  asd  OB  this  acoount  it  admits  of  considetade  simplification,.by  a  table  like  that  on 
page  578.  The  method  of  making  these,  calculatjons  will  first  be  given  at  AiU  length, 
and  then  in  the  abridged  form,  by  means  of  the  propoaed  table.  ^ 

PROBLEM  IV. 

Qiiotn  the  eppwreiU  timi  s£  the  place  of  observatifinKomledJroin  noon  to  noan,  eceordtng' 
to  the  manner  if  atHroMM/en,  Uu  sunU  right  ofcensioii,  and  the  UitSbude  i^  the  plaeey  rt" 
t^eit  on  aeeomU  of  the  spheroidal  figure  of  the  earthy  fry  sulbtraUing  the  redueHon  rf 
latitude^  TxAU  XXXVIU.  To  find  th4  aUiiUde  md  longitude  qf  the  nonagesinial  degree  of 
thenelipHe. 

ataS  NOT  ABBIOGBD. 

Add  6  hours  to  the  sum  of  the  sun's  rl^t  ascension  and  the  apparent  time  of  observa. 
tion,  and  call  the  sum  the  tuna  T,  rejecting  94  hours  when  it  exceeds  that  quantity. 
fieek  Ibr  this  time  in.the  oahmin  of  hours  of  Table  XXYIi.  supposing  that  marked  A.  M. 
to  be  tnereasad  by  It  hours,  as  in  the  astronomical  computation.  The  corresponding 
lo|^  eo-tangant  bdng  found,  is  to  be  maiked  in  the  first  and  second  columns,  as  in  the 
'Ibaowing  exaaqiles. 

if  the  mducedlatltiide  is  noHh,  subtract  it  firom  90^ ;  if  wulh,  add  it  to  90°,  the 
Bum  or  difietence  will  1:^  the  polar  iUstanee.'  *Mw  half  of  th^,  and  half  the  obli- 
quity of  the  ecliptic,  ana  find  their  d^trenee  and  turn.  Place  the  log.  co-sine  of  the 
diflereaee  in  the  fint  eohunn,  its  log.  sine  in  the  second  column :  llie  log.  secant  of 
the  sum  in  the  first  column,  its  log.  co-secant  in  the  second  column,  and  its  log.  tangent 
inthethifd.        *  • 

The  sum  of  the  logarithms  in  the  first  column,  rejecting  90.  in  the  index,  will  be  the 
log.  tangent  of  the  arch  G.  The  sum  of  these  in  the  second  column,  nijectfaig  SO  in 
the  ind«E,  wlB  be  the  k)g.  tangent  of  the  arch  F.  These  arches  being  lese  than  90^ 
when  the  time  T  Is  found  in  the  column  A.  M,  otherwise  greater.  This  rule  is  general 
except  in  places  situated  i^thin*the  polaf  circles.  Within  the  noriA  polar  cih:le  the 
supplement  of  F  to  360^  instead  of  P,  must  be  taken  i  within  the  amdh  foiai  circle  the 
supplement  of  G  to  180°  must*  be  taken  instead  of  G,  the  other  terms  remaining  UD- 
altnred.  In  all  cases  the  longitude  of  the  nonagesimal  is  equal  to  the  sum  of  the  arches 
F,  G  thus  found,  and  90<^.    Rejecting  360^  when  the  sum  exceeds  that  quantity. 

Place  in  the  third  column  the  log.  co-sine  of  G,  ana  the  log.  secant  of  F,  the  sum  of 
the  three  logarithms  of  this  cohimh,  rc;Jectiii(;  90  in  the  index,  will  be  the  log.  tangent  of 
half  the  altitude  of  the  Nonagesimal. 

EXAMPLE. 

Reouired  the  altitude  and  longitude  of  the  Nonagesimal  at  Salem,  in  the  reduced 
latitude  AaP^A"  N.  June  15,  1806,  at  92h.  6'  I8"a  appelant  time  l^  astrononucal 
computation,  when  by  the  Nautical  Almanac  the  sun's  right  ascension  was  5h.  36'  50", 
and  the  oMiiluity  of  tiie  ecliptic  «30  9r  48^". 

The  sum  of  the  apparent  time,  sun's  right  ascension  and  6  hours,  rejecting  94  hours, 
h  9h.  43'  ^'.l=rT.  The  polar  distance  is  47°  37'  66",  Ito  half  is  %3P  48'  58",  and  tlic 
half  dbUquity  11^ 43'  54",  hence  their  difference  is  19°  9'  4",  their  sum  35<^  32'  59'. 
.  The  rest  of  tiie  calculation  is  as  follows : 


Od. 

1. 

Dlflf. 

irs' 

4" 

co-aine 

Bum 

86  92 

«2 

MC    - 

T. 

fih.O'rM  p.s. 

cot. 

O. 

159*  ^S'    V' 

Ti 

r. 

ITS 
90 

to  91 

9.99027 
10.08957 
9(48826 

,    9.56810 


Col.  2. 
Sine  9.93068 

C<Mecuit  lOJBiM 

9.48m 


F.  Tan.  9:04468 


Sum  69   22  81  r^iectlng  960%  U  longitude  Nonages. 


<SoI.  3. 

Tangent   9.85403. 
G.        Conine     9.97215 
F.       Seouit    10J0026S 


830  59*  25"=TaB.     9.82889 


67    58  «0  sAikNoBSBg. 


The  two  upper  logarithms  of  flie  irst  and  second  cohhnns,  and  the  ypper  logarithm 
of  the  thiid  colanm^  vary  bvt  little  in  scKral  centunes ;  and  as  tb«se  numbers  qptur 

uiyiLizeu  uy  x-j  v_/ v^ pc  i^^ 
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I  in  calculating  ft  partial  ecl^sc  or  occultation,  and  four  times  in  a  totd,  or  annidar 
se  or  transit/  it  will  tend  considerably  to  abridge  the  calculations,  to  have  a  table 
the  following,  containing  their  values  for  various  places,  for  the  obliquity  9SP  27*  40^, 
the  variations  for  an  increase  of  100"  in  the  latitude  or  obliquity.  The  logarithms 
,  C,  of  the  table,  were  calculated  in  the  following  manner. 

north  latitudes  subtract  the  reduced  latitude  from  90°,  in  aaulh  latitudes  add  the 
ced  latitude  to  90^,  the  aum  or  difference,  will  be  the  polar  distance ;  take  half 
lis  and  half  of  the  obliquity  of  the  ecliptic  1)°43^50\  and  find  the  nan  and 
'ence.     Then  ^     ' 

g.  A  is  equal  to  the  tog.  co-slne  of  the  difference  added  to  the  log.  secant  of  the 

sum,  n^ecting  20,  in  the  index, 
g.  C  is  equal  to  the  log.  tangent  of  the  sum.. 

g.  B  is  equal  to  the  log.  tangent  of  the  difference,  increasing  the  index  by  10,  le^ 
jg.  C.  .  *        . 

us  for  Salem  in  the  reduced  latUude  42°  22^  4",  the  half  polfl^r  distance  is  33^  48^  53^, 
alf  obPquity  11°  43'  50",  the  difference  \^  5*  8",  the  sum  35°  Zi  AST, 

Tai]g.+lt=:19.3306p 
Tang.=C  =  9185402 


•ence ..,120    5'    8"    Co-sine    9.99027 

'. 35    32  4d     Secant   10.08956 


Sum  A 0.07983 


'Diff:....B    9.476^3 


this  way  the  logarithms  n^ay  be  found  for  places  not  included  in  the  taUe.^  The 
;es  for  an  increase  of  100^'  in  the  latitude  or  obliquity,  are  found  faiy  reputing  tbs 
tion  with  -these  increased  values,  and  ascertaining  tiie  corresponding  changes  in 
dues  of  A,  B,  C.  These  logarithms  are  given  to  six  places  of  figures,  thou^  in 
al  five  win  b^  quite  suMciedt,  since  the  latitude  and  longitude  of  the  nonagesimal 
urely  required  to  a  greater  degree  of  accuracy  than  10".  ' 


FlacUi^ 


lied^od 


Vfir  A. 


ULObt. 


Vnr.  a 

H-lOO'. 


u\Jmi 


tal.t0bl> 


Gan)brHlg*.  A. 
Dublin  A^n. 
Edinburf^fj 

|H'ivai]iia 
IkinikTbouk. 

Leon  J.  db^, 

jfliitcliei; 
jOnrtinJ  dUs. 
iPnris 

(PEiiiJidelpbln 
'Ricbmetnd  utif. 

Snlein 

Place  ProhL  VII. 


M.  2T    13 

52  20    ^\ 

j2  I 

42  J2 


&5     ^ 


31 

is 

12     11 
38     16 


1 

2 

17     2B 

U    34 


37 

le 


51 
Si 

3]  ^ 

^^  ^     51 

M  IG     ft{i 

ia  34     S2 

42  m      4 

19  ^   ai^ 


0.0796713 
0.062 1 GS 

o.CfiCioaQ 
O.OWtlia 
0.0634^ 
0.120000: 
O.OWlt^ 

a.os4e4R 

O.OSlfiRO 
0.06310& 

ojoifisa 

0.0629611 

o.oceso? 

0O?4B?Q 
00634^ 
0.077  &G€ 
^073532 
0J374ea 


-i  + 

SO  97 

4D  7a 

5^  97 

48 

47  G7 

49  77 
64  14a 

^4  104 

a5  112 

4E*  77 

"Sa  1^5 

50  77 

fiO  £3 

aa  101 

4S  7S 

b2  ^ 

52  9? 

se:  I57[ 


ft47.57S:i 
0, 32415.^ 
ft  3^064 
3,4TK3eS 

aa04i«i6 

3.33G40] 

9.34e3de 

9  476455 
a^|Q42 
9..5^99M1 
a  34^14 

a3^t06Bii 
0394413 
»MH372 

aa^S57ti 

^.4t>.^.3^ 

3  4766^7, 


21]fa    739 

GjBllOiB'J 


9  771197 


GOO  lOnd  9  7739Si(, 

2m  733  a&iAASs 
iToiisAl  ateaios 
fi7ai37g|  9.74 1  on 


S 


R.Tt9M4 

d.  910447 
£76!  10541  «.rr7«0O 
45£  01  el  9l8Q30Sr 
349  6^  0.87f73« 
^  iCsd  E^.7W30t 
312  *m  9.P456W 
soil  731  '.«&iOl6 
78f  £00^  10.0271^3 


se  logarithms  are  calculated  for  the  obliquity  23^  27  40".  The  columns  m%xked 
iprejsent  the  variations  of^A,  B,  C,  for  an  increase  of  100"  in  the  reduced  lat 
>Iumn  OH,  represents  tl^e  Tariations  of  A,  B,  G,  for  an  increase  of  100"  Id  the 
ity  of  the  ecliptic.  The  signs  must  be  changed  if  the  latitude  or  obliquity  is  less 
tiat  used  in  calculating  the  table.  • 

EXAMPLE. 

uired  the  values  of  A,  B,  C,  for  Salem,  wheb  the  obliquity  is  23^  27'  4S''  ? 
ur  numbers  0.079832  9.476637     .  9.854016 

>r-f  8"0bl.  +8  —    58  -¥  A^ 

t  values  A==0X)79840  '  8=9.476579      .  C=1S^34 


Digitized  by  LjOOQ IC 
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wibridged  method  of  calculating  the  altitude  and  longitude  of  the  Xonagesimal,  by  th^ 

preceding  TtMe, 

Add  together  the  sun's  right  ascensioD,  the  apparent  time  at  the  place  of  observation, 
(counted  from  noon  to  noon)  and  6  hours,  the  sum,  rejecting  24  or  4S  hours  if  greatcr 
ihan  those  quantities,  is  to  be  called  the  time  T ;  this  is  to  be  souj^ht  for  in  the  column 
of  hours  of  Table  XXVII.  supposing  the  column  marked  A.  M.  to  be  increased  12  hqurs, 
as  in  the  astronomical  computation.*  The  corresponding  log.  co-tangcnt,  added  to  the 
log.  A  of  the  Table,  gives  the  log.  tangfent  of  the  arch  U ;  this  added  to  the  log.  B  of  th» 
Table,  rejecting  10  in  the  index,  will  be  the  log-tangent  of  the  arch  F ;  these  arches  b<^ 
ing  less  than  90^  when  T  is  found  in  the  column  A.  iM.  otherwise  greater,^  [This  rule 
is  general,  except  in  places  situated  within  the  polar  circles,  which  is  a  case  that  wtry 
rapely  occurs.  Within  the  north  polar  circle,  the  supplement  of  F  to  360^,  is  to  be  used 
instead  of  F ;  within  the  south  polar  circle,  the  supplement  of  G  to  180"^,  is  to  be  taken 
instead  of  G,  the  other  terms  remaining  unaltered. J  .  Then  the  longitude  of  the  Jfonage^ 
simal  is  equsd  to  the  sum  of  the  arches  F,  G,  and'  90^,  neglecting  as  usual  360^-  whoji 
the  sum  exceeds  that  quantity. 

To  the  tabular  log.  C,  add  the  log.  co-sine  of  the  arch  G,  and  the  log.  secant  of  the 
arch  F,  the  sum,  rejecting  20  in  the  index,  will  be  the  log-tangent  of  half  the  altitad^ 
of  the  Nonagesimal.t 

EXAMPLE  I. 

Required  the  altitudes  and  longitudes  of  the  Nonagesimal  at  Salem,  June  16,  l806,.at 
tlie  times  of  the  beginning  and  end  of  the  eclipse,  calculated  in  Problem  VI.  ? 


Begmning  of  the  Eclipse. 

ji.  '    " 

5  36  50.0  ®  R.  AsrensioQ 
92     e  18.1  Apparent  tim* 

6  A  0.07934 


9    43    8.1  Co-taa.      9.48826 


G  tBS»  42r  0"  T««. 
90  B 


B17S    40  31     Tan. 


63    22  31=don.  N. 


AlUcude  Nohagcs 


Co-s.    9.972#&0 
G         9.8540S 


Sec    10^10265 
Tan.    9. 


End  of  the  Edipsc^ 


6   87  18.5  0  R.  Ascension 
0  50  34.6  Appereot  time 
6  A  0.07984 


T     12  27  53.1  Co-l«n.    8.78470 


4«»  ir  13"  Tan. 
90  B 


8.86454     G<Kft 
9.47658     O 


1    15  28     Ton.        8.34118    Sec 


.  26  36=  Ion.  N.  35  2853    Tan. 
705746 


Altitude  Nonages 
EXAMPLE  II.    ' 
Required  the  altitudes  and  longitudes  of  the  Nonagesimal  at  the  times  and 
mentioned  in  the  Example  of  Problem  VII.  ? 


Immersion, 
h     '   " 

17    20  50     0  R.  Aseondon 
16    57  29    Apparent  time 


a 12748 


T    16    18  28       Co-tan.    9.60098 


Q    40*  18'  7"      Tan. 
90  B 


9.92846    Co4. 
a6074|        0> 


9  88238 
10.02718 


f:    18    57  48       Tan.         9.53607    Sec       10.024^3  F    25    38  40       Tan.       a6813l     Sec. 


249    15  55=lon.       N.40S8  46    Tan.        9.93374 


EmersioUt 

h    '  " 

17    21  12.5  0  R.  Ascension 
18 '10  29    Apparent  Ume 

6  A  ai2748 


r     17    31  41.6    Co-tan.  9.9462S 


Q    49'>50'18"    Tan.     1007370     Cos.        «.8986» 
90  B         9.60761       O  IOjQ^IS 


165    28  58=lon.  H.  37  17  39    Tan. 


]an4£q4 
9.88175 
Altitude  .V(jna?es  81  17  32  AJtilud*-  Noiia^<>s        74  35  18 

In  these  calculations  it  is  usual  to  take  the  sun's  right  ascension,  and  the  apparent 
times,  to  tenths  of  a  second,  and  to  take  proportional  parts  for  the  seconds  and  tenths  Sn 
finding  the  logarithms.  Thus  in  Example  I.  in  finding  the  log.  co.  tang,  of  9h.  43'  8".l  ^ 
the  n^earest  logarithms  are  9.43849, 9.4S304,  corresponding  to  the  9h.  43^  4",  and  ^h. 
43'  12".  These  logarithms  differ  45,  the  times  8",  and  the  difference  between  9h.  43^  4<!, 
and  9h.  43'  8".l,  is  4".!.  Hence  8"  :  45  ::  4".l  :  23  the  correction  to  be  subtractrS 
from  the  first  log.  9.48849,  (because  it  is  decreasing)  to  obtain  the  sought  log.  co-taqgt 
9.48826. ^ __.__.^ 

•  Thus  if  the  lime  T  is  5  hours,  it  must  be  called  5h.  P.  M.  If  T  i>i  M  tiours.  it  must  be  called  2b.  A.  M. 
Ip  mailing  use  of  a  common  uble  ol  logaritboM,  you  must  turn  thi*  time  T  luu  degrees,  and  make  nm  ^ 
-  tbe.lofl^.  co-taofiftiit  of  its  half. 

t  The  arches  F,  G,  are  acute  when  tlie  time  T  is  foanrf  in  the  column  A  M.  otherwise  obhue.  This  Is 
essily  rememben^from  the  circumstance  that^a  js  the  first  Iriter  of  anUe  and  A.  M.  Some  writcis  baT« 
notice  oJetbe  c 


iioC  Ukea  notice  o 


e  cases  of  tlj**  values  of  F.  G,  within  the  polar  circks. 


I  Strictly  «peatiiiu;,  the  quantity  thus  obtained  is  the  dlsrance  between  the  north  (wle  oflthe  ecliptic nftd  . 
he  seoith  of  the  place,  which,  in  sootbern  latitudes,  and  between  the  tropics,  is  frequenUy  the  si*>«"i«"»'>«*  * 
of  the  altitude  o(  the  Nonaswsimal.    The  a  ove  form  is  made  use  of  to  simplify  the  roles  for«p 


the  seoith  of  the  place,  which,  in  sootbern  latitudes,  and  between  the  tropics,  is  frequenUy  the  supplement  ^ 

of  the  altitude  o(  the  Nonaswsimal.    The  a  ove  form  is  made  use  of  to  simplify  the  roles  for«pplying,tii* 

)K«aaUaxe«.    It  is  Immatertal  whether  the  altitude  oi.  the  Nonagesimal,  or  its  supjfkleineiit,  bDoade  use  of 


in  Table  ^UJV. 


T^V 


T<ab. 


^^.v 


5S0   TO  FIND  TUE  ALTITUDE  AND  LONGITUDE  OF  THE  NOIlAGESUiAL. 

PROBLEM  V. 

Given  the  idtUude  andUmgUudt4>fihe  ^cnaguinud;  the  longitude^  laXUude  mtd  boriztn- 
tal  parallax  of  the  moofif  and  the  latUude  rf  the  place  qf  obsertationy  to  find  the  moatCs 
paraUax  in  latitude  and  longitude. 

RULE  BY  COMMON  LOGARITHMS. 

From  the  horizontal  paraUaz  of  the  moon,  subtract  its  correctiA  firom  Tabid 
XXXVIU.  corresponding  to  the  latitude  of  the  place,  the  remainder,  in  occattalions 
of  a  fixed  star,  will  be  the  reduced  parallax ;  but  in  solar  eclipses  this  quantitj  is  to 
be  diminished  by  the  sun's  horizontal  parallax,  8".  8*  to  obtain  the  reduced  parallax. 

'  To  the  logarithm  of  the  reduced  parallax  in  seconds,  add  the  log.  rine  <^  the  alti- 
tude of  the  Nonagesimal,  and  the  log-  secant  of  the  moon's  true  latitudef,  the  Bum, 
rejecting  20  fn  'the  index,  will  be  a  constant  log.  From  the  moon's  true  longitude,! 
increased  by  360°  if  necessary,  subtract  the  longitude  of  the  Nonagesimal,  the  lemaiiH 
dcr  will  be  the  moon's  distance  from  the  J^onagesinudf  which  if  less  than  180^  is  to  be 
called  the  arch  D,  otherwise  its  supplemeqt  to  360^  is  to  be  called  the  arch  D.  To  the 
constani  logarithm,  add  the  log.  sine  of  D,  the  sum,  rejecting  10  in  the  index,  will  be 
the  logarithm  of  die  approximate  parallax  in  longitude  in  seconds,  which  add  to  the 
arch  D,  then  take  the  log-sine  of  the  sum,  and  add  it  to  the  constant  logaxithm,  rQect- 
ing  10  in  the  index,  and  the  logarithm  of  the  corrected  parallax  wiU  be  ci>taiBed.  This 
will  in  general  be  sufficiently  ^xact,  but  when  great  accuracy  is  required,  the  opentkin 
may  be  again  repeated,  by  adding  the  arch  D  to  the  corrected  parallax  ;§  thep  to  the  log: 
sine  of  the  sum  add  the  constant  logarithm,  rqjectin^  10  in  the  index,  and  the  logarithm 
of  the  parallax  in  longitude  P  will  be  obtained.  This  is  to  be  added  to  the  tnu  longitude 
of  the  moon  when  her  distance  from  the  Nonagesimal  is  less  than  180^,  otherwise  w^ 
traded  t*  obtain  her  apparent  longitude, 

.IC^  true  latitude  of  the  moon  is  south,  prefix  the  sign  -{-  to  it,']f  norlA  the  s^  — . 
Then  to  the  logarithm  of  the  reduce<f  parallax, in  seco^,  add  the  log.  co-sine  of  the 
altitude  of  the  Nonagesimal,  and  the  log.  ^co-sine  of  the  moon's  apparent  latitnde,|  the 
stdn,  rejecting  20  in  the  index,  will  be  &e  logarithm  of  tiie  jSrstpart  of  the  parallax  in 
latitude  bH  seconds,  to  which  prefix  the  sign  ^  when  the  altitude  of  the  NoaagesiBial  is 
less  than  90^,  otherwise  the  sign  •—,  this  added  to  the  true  latitude  of  the  moon,  dne 
fcgard  being  had  to  the  signs,  .will  give  her  approximate  latitude. 

To  the  logarithm  of  the  reduced  parallax  in  seconds  add  the  log.  sine  of  the  altitdde 
of  the  Nonagesimal,  the  log.  sine  of  the  moon's  approximate  latitude,  and  the  log.  co- 
sine of  the  sum  of  the  arches  D  and  ^  P,  the  sum,  rejecting  30  in  the  indei;  will  be  the 
logarithm  of  the  second  peart  of  the  parallax  in  latitude  in  seconds,  to  which  prefix  the 
sign  —  when  the  arches  D  -f  ^  P,  and  the  approximate  polar  distaneet  are  b«iifa  greater 
or  both  less  than  90^^  otherwise  the  sign  H*-i  this  term  connected  with  the  appnudmate 
latitude  will  give  the  apparenJt  latitude  of  the  moon,'^'!' which  will  be  sooth  if -V-nocthlf — , 
The  moon's  true  latitude  subtracted  from  her  apparent  latitude,  notiring  the  aigos,  wflt 
give  the  parallax  in  latUude. 

BY  PROPORTIONAL  LOGARITHMS. 

The  aboTe  rule  will  answer  in  calculating  by  proportional  logarithms,  with  the 
following  alterations.  When  the  log.  sine  occurs,  reibd  log.  co-secant;  for  log.  ee- 
sine  read  log.  secant;  for  log.  secant  read  log.  co-sine;  and  for  log.  co-seesnt  read 


*  This  b  the  mean  value  of  the  sun*s  parallax,  and  may  be  used  butead  of  the  true  pamllsT,  vblch 
*  varies  from  8".7  to  8".9.  The  trae  solar  pandtoz  ai  any  time  may  be  fiMrad  by  subCracttBr  thelmsillfcw 
of  the  sun's  distance,  j^tven  In  the  Nautical  Almanac,  from  the  log.  of  8".8,  Incicesing  the  index  by  10 
when  necessary,  the  remainder  will  be  the  logarithm  of  tlie  sou^t  panllsx  in  seeoads. 

t  Corrected  for  the  errors  of  the  tables,  when  known. 

^  This  sum  D  H-  cor.  p^r.  is  nearly  equal  to.D  +  P  the  apparent  distance  of  the  noon  bom  the  Koaa- 
gestraal,  to  be  made  use  of  In  Table  XLI V.  in  finding  the  augmcntatioii  pf  the  noon's  8.  D.    

H  Insofar  eeUpse*  the  apparent  fatimde  15  so  small  that  its  log.  sine  nmy  be  pat  eqeal  to  lOHOOOO;  la 
.  oecuUatiotu  you  must  calculate  the  first  part  of  the  parallax  in  ^tttode  mr  approximation,  nekfav  ■■>  ^ 
tiie  true  latitude  instead  of  the  appartnt  in  the  aliove  role,  and  deducing  the  apnroximale  iralae  of  Ac 
first  pari  of  the  parallax:  this  applied  to  the  true  latitnde  will  {[ive  the  iijijiioHiwaff  appuent '"^" 
with  which  the  operation  is  to  be  repealed,  and  the  first  part  of  the  parslkx  will  be  obtabied  tea  s 
^eerree  of  exactness. 


U>g.  secant  less  radius  of  ^  P ;  but  these  corrections  are  too  snrall  to  aflect  the  resnlt.  Jn  caWiifhy  cba 
second  tnrt  of  ibe  paralhix  in  latitude,  li  will  be  suiBdent  to  take  the  logarithms  lo  lliee  or  liimincaa 
of  the  (leclmals. 

««  This  rule  grires  the  apparent  latitude  in  all  cases,  bot  it  may  not  be  amiss  to  obsenre,  that  ia  several 
tote  ptiblications  the  cases  where  the  moon  is  between  the  rcnlth  aud  the  elevated  pole  are  Iff  r-*-^*^ 
ncglecied. 
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log.  vine.    The  p&rallftxes  may  be  calculated  to  the  nearest  second  by  proportional  I(}ga- 
rithms.  IVhen  greater  aceuracy  is  required,  common  logarithms  must  be  made  use  of. 

To  illustrate  this  rule,  the  following  examples,  corresponding  to  the  times  of  the  begin- 
ning and  end  of  the  total  eclipse  of  the  sun,  of  June  16,  1806^  as  observed  at  Salem,  are 
giTcn.  The  elements  necessary  for  this  purpose  have  already  been  calculated  in  Problems 
J.  and  rV.  For  greater  accuracy  the  longitudes  and  latitudes  of  the  moon  are  corrected 
for  the  errors•^69^5  in  longitude,  and  —  ll''.4  in  latitude,  which  were  found  by  com- 
paring soToral  obserrations  of  the  eclipse  made  at  different  places. 

EXAMPLE  I. 

Given  the  altitude  of  the  Nonagesimal  67<3  58'  50",  its  longitude  63<^  SS'  31",  the 
longitude  of  the  moon  83°  49'3".5  her  latitude  24'  27^.4  N.  her  horizontal  parallax 
W  24".l,  the  latitude  of  the  place  of  observation  42^  33^  30" :  required  the  parallaxes 
in  longitude  and  latitude?         

The  correction  id  Table  XXXYIIL  conresponding  to  the  latitude  42^  33'  SO'',  and 
parallax  W  84".l  is  5^.6,  tfaii  and  the  son's  horizontal  parallax  &'.%  subtracted  from 
the  D's  horizontal  parallax  60'  S4".l  leaves  the  reduced  parallax  60'  9".7=3609".7. 
The  longitude  of  the  Nonagesimal  63^  28'  31"  subtracted  from  the  moon's  longitude 
83°  49'  y^y  leaves  the  moon's  dUtmte  from  the  J^onagesinudy  2(P  26'  32"  equal  to  the 
ar^  D,  because  less  than  180°. 

CaUuUdim  hy  eonimm'LogarUhms. 


Alt  VoJ^' 
^'stnielat 

3609"    7 
67  56  50 
24  27.4 

90  20  32 

»"=sl9  29 

2046    1 

r7"=19  47 
20  46  19. 

.a=:l9'46.8 
8349    8il 

Log. 
SlM 

Sec 

Sine 
Log. 
Bine 

Log. 

Sine 

3.59747 
6196710 

laooooi 

Reduced  par.              8609   7 
Alt  Noaa^.                67  58  50 
l)**  app.  lat 

1  prt  p.  1S53".3  =  -f-  22*  SS".3 
D's  true  UUtude    —     24  27.4 

Log. 
Co^L 
Ug, 

Bine 
Log. 
tTo^. 
Log. 

or       1' 

3.55747 
9.W894 
10:60000 

Constant  log. 
1^ 

3.52458 
9.54315 

&0677S 

6L549TD 
&52458 

9.13111 

Ant.  par.          1« 

^*mz 

^ISS'iT- 

Reduced  parallax 

Alt  Nonag. 

D  -f-  i  P                       20  86  25 

2  part  par.         •   —           1".7 

Approx.  lat           —      i  54    1 

3.557 
9.967 
•«J.97| 

0338 

Cor.  par.         slU 

&07428 

P-l-eor.oar. 
CoDttaat  log. 

9L54980 
&52488 

Par.  long.  P  1186' 

3j07438 

]>'fapp.lat          —       1  S3    8 

65".8  N*. 

'>*stnwloagMiido 

^t  app.  long. 

84    8503 

EXAMPLE  n. 

Given  the  altitude  of  Uie  Nonagesimal  70°  57'  46^',  ito  longitude  95°  26'  36^,  the 
Jon^tude  of  ttie  moon  86°  29'  32^.6,  her  latitude  19  10".4  N.  her  horizontal  parallax 
CO'  27".0,  the  latitude  of  the  place  of  observation  42°  33''  30".  Required  Uie  parallaxes 
in  longitude  and  latitude  ?  ^ 

The  correction  in  Table  XXXYIII.  corresponding  to  tiie  latitude  42°  33'  30"  and 
pgraOax  60'  27",  is  5".6,  tiiis  and  the  sun's  horizontal  parallax  8".S,  subtracted  from 
the  moon's  horizontal  parallax  60^  27".0  leaves  the  reduced  parallax  60'  12".6.  The 
loqgitude  of  the  Nonagesimal  95°  26^  36^',  subtracted  Arom  the  moon's  longitude  in- 
creased by  360°,  viz.  445°  29'  33",  leaves  the  fiioon'5  di^Umee  from  the  ^onagenmat 
350°  2'  57",  tiie  supplement  of  which  to  360°  U  9°  57'  3",  equal  tiie  arch  D. 

By  froportUnud  Logarithms, 


Reduced  par. 

AltKonag. 

]>*«traelat 

flO'12"il 
70  57  46 
15  10.4 

957    3 

950 

10   6  59 

10   0 
10    7    9 

10  ao 

85  29  32.6 

P.L.     04756 
Co4e.  10.0844 
Co-iL  lOOOOO 

0.5000 
CoJm;  10.7624 

Reduced  par. 
Alt  Nona?. 
]»*8app.lat 

1  part  par.  Ut 

^*s  true  lat 

^M  appr.  lat. 

Redoeedpwr. 
Ah.  Monag. 
D  +  iP^^ 

2  part  par.  lat 

Approx.  let 
Appareot  lat 

+ 
+ 

+ 
+ 
+* 

60'12".6 
70  57  46 

19  38    5 
15  10    4 

P.  L.  04766 
Sec  104865 
Sec     lOOOOO 

QoQiCBntlog. 

P.  L.     09821 

Ap|aox.Far. 

P.L.      1.3624 

428    1 

10    2    3 
4.4 

4  28.1 

4  32.5 

Digitized  b^ 

Co-se.    1Z886 

P.  L.  04756 
Gfvte.  ID 0244 

siffitr- 

Co^.  10.7554 
05000 

Oorreeted  par. 

P.L.     1.2554 

Sec.  I0.00C7 
P.L.      S.S927 

D  +  cor.par. 
Gonitantlog. 

Co-se.  107553 
05000 

Par.  long.  P. 

P.  L.      1.2553 

or    4'  82  .5  S. 

B^traeioag. 

.Google 

!>•«  app.  long. 

85  19  S2£ 
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EXAMPLE  in. 
Beqiii^  the  panllazes  in  longitude  and  iatitnde  at 
Splca,  Dec.  12, 1808,  at  the  times  and  place  mentioned  in 

ImmfTSuau 

Reduced  par.  59'  50"  A  P.  L.       0.4782     

Ah.  Non.  8»  17  32        Co-»e.    10.C)050  ' 

^'8  irae  hU  I  55  It       Co-sl      9.9di}fl      ]>  app.  lat.* 


the  dme  of  the  offgiUatian  oT 
the  Example  of  Probleitt  }fU.  i 


Cbnstant 

Ahir.pir. 

D  +  appr.pwr. 
Constant 

CStDrrected  p^« 

D  4"  con*'  P^' 
Constant 

Pit.  longi  P. 

^  true  long. 

H  qpp.  longr. 

fififinemd  par. 
Alt.  Hon. 
^trne  iat. 

Gtfiutatit 
D 

Appr.par. 

ny^appr.  par. 
OHHat 

Carrecledpar. 

D  +  corr.  par. 
aoaatant 

P*r.  lone.  P» 
)  true  long. 


4830 
Oo-w.   lailOS  . 


P.L. 


1  55  It 

.«)52    ] 
.  45  55 

51  37  56 

46  25 
51  38  20 

+  46  25 

200    7  fi&S 

SOO  5^1  21.S 

Emerrim, 

59'  53  "  0  P.  L.     .  0.4780 

74  35  18        Co-sec.  ]a0i59 

'     1  51  ^.1      Go-8i.      9.9H98 


0.47912 

.  See  -    cetse 
Sec.    icunos 


1  p«ut  par.  Iat 

])  true  Iat 

^  tiiiprnx.  Iat. 
Co^.    iai067  I 

4830     Reduced  par. 
-     ,..-.   I.  ■     All.  Nonng. 
P.  L.  5887     -     ■    •  ~ 


Co-se.    101056 
4830 


V  S".3 
1  53  IIjO 


P.  U      1.2984 


2    4  14.3       Go^e.  11.4C1 


P.T^       a47e2 
Co-ie.   lOkOOSO 


P.L. 


P.  L.      2.t38S 


35  22  38 

33  26 

35  56    4 


0.4937 
Co-sec.  I0.2a74 


P.L. 


Go-«ec  10.2315 
4937 


33  54       PL. 


35  56  32 


+  33  5^1 
200  51  36.1 


Co-sec.  102314 

4937 


P.L. 


]>  app.  Iat. 

1  part  par.  Iat. 

])  true  Iat. 

])  appmx.  Iat. 

Reduced  par.   ' 
Alt.  Mooag. 
D+iP 


arm 

Sec.         iaL57S5 

Bee.      loans 


P.L. 


+      15'  54'.2 
+      1  51  29.1 


+       27  23.3        C04CC.  11.4S13 

P.  L.        0.4730 

Co^rr.  iaOI&.« 

35  29  35         Sec.       lao?^: 


2  part  par  Iat   +  1  4 1.2      P.  L       201^4 

J)  apt  TUX.  Iat    +      2    7  23^ 
})appBr.Iat.      +       2    9    7.5  6oo/h 


>  appi  long.  201  25  30 1  J)  par.  Iat  +  17  3i4 

Having  thus  explained  the  method  of  calculating  the  parallaxes  of  the  moon,  it  novr 
Maains  to  give  the  rules  for  finding  the  longitude  by  eclipses  and  occu\tations.  Tbe- 
ijnaSn  object  in  these  calculations  \fi  to  determine  from  the  observed  beginning  or  end  of 
the  eclipse  or  occultation,  the  precise  time  of  the  ecliptic  conjunction  of  the  'sun,  or  alar 
And  moon,  free  Arom  the  eficcts  of  parallax,  counted  on  the  meridian  of  the  place  of  ob- 
.tfervation,  since  the  difierence  of  the  times  of  coi\junctioD,  obtained  in  this  manner  at 
tiro  places,  will  be  their  difference  of  longitude.  If  the  lunar  and  solar  tables  were  per- 
fectly correct,  the  longitude  might  be  determined  by  taking  the  diflcrence  between  the 
time  of  coT^iunction,  given  in  the  Nautical  Almanac,  and  that  deduced  from  the  obscr- 
rations  of  the  eclipse  or  occultation ;  but  it  is  much  more  accurate  to  compare  the 
times  deduced  from  observations  actually  made  at  the  places  for  which  the  difierence  of 
longitude  is  sought.  There  are  two  different  methods  of  finding  the  ecliptic  eonjanctiOR, 
ajecording  as  the  latitude  of  the  moon  is  supposed  to  be  accurately  known  or  noL  If 
the  latitude  was  given  correctly  by  the  lunar  tables,  or  was  ^curatety  known  bj  other 
observations,  the  ecliptic  conjunction,  and  the  longitude  of  the  place,  might  be  deter- 
mined by  each  of  the  phases  of  the  eclipse  or  occultation,  by  the  method  given  in  Pro- 
Uems  Vlll.  and  IX.  But  the  moon's  latitude  not  being  generally  given  to  a  svffickjit 
degree  of  accuracy,  it  is  usual  to  combine  together  the  observations  of  the  beginning  and 
citad  of  the  eclipse  or  occultation,  or  the  beginning  and  end  of  total  darkness  in  a  total 
jefilipse,  or  the  two  internal  contacts  of  an  annular  eclipse,  to  ascertain  the  error  of  the 
4noon*s  latitude,  by  the  method  given  in  Problems  VI.  and  VU.  In  making  the  eslni- 
lations  in  these  Problems,  it  wiH  be  necessary  to  know  nearly  the  longitude  of  the  plaee, 
ih  order  to  find  the  supposed  time  at  Greenwich;  so  as  to  take  out  the  elements  fi«m 
die  Nautical  Almanac :  and  if  the  longitude,  deduced  from  the  observation,  shonid 
differ  eonsiderably,  the  operation  must  be  repeated  with  the  longitude  obtained  ty  this 
jWperatiQn.  - __«««_^_«_— 

•  The  mooiCs  true  latltade  !•  56'  II"  mutt  first  be  used,  its  log.  secant  bfing  IOjOOO^.  vMdi  git* 
foe  1st  part  par.  0'  3',  which,  added  to  the  tnie  latitude  of  the  moon,  gives  the  app.  iat  neariv  2^  4'  14 
<fcolog.ieemt<fw«ch  Is  10.0003,  as  above^    The  oalcuJation  for  the  emeraimi  it  node  la  m  fUmShir 

mailllSf-"  uiyiuzi3^u  uy  ■^wJ  v-/ v_y pt  iv^ 


J^Mt^XSl 
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PROBLEM  VI. 

Civen  the  laHhiJe  of  the  plaee,  tBid  the  appareni  txmex  of  the  beginning  and  end  of  a  so* 
twr  eeUfne,  counted  from  noon  to  noon^  auortang  to  the  method  of  Aahvnomers,  to  find  the 
Ivngitude  of  the  place  of  observation. 

In  the  rule  Tor  solving  this  Problem,  references  will  be  made  to  fis.  12,  Plate  XII.  in 
which  USB  represents  a  small  arch  of  the  ecliptic  ;  S,  the  place  oi'  the  centre  of  the 
•un,  supposed  at  rest ;  F,  L,  the  apparent  places  of  the  centre  of  the  moon  at  the  be- 
ginning and  end  of  the  eclip^c  re»pecti>ely ;  VDj  SC,  and  ALL,  are  |)ierpendicular  to  DE, 
FA  pandlel  to  DE,  and  SB  perpendicular  to  FL.  Then  it  in  evident  that  FD,  L£  l<epre> 
sent  the  apparent  latitudes  of  the  moon,  which  fall 'below  DL  if  sotUh,  above  if  north; 
and  SI',  SL  repre!»enl  the  Mima  of  the  corrertid  ^emi-diameters  of  the  sun  and  moon^ 
at -the  beginning  and  end  of  the  eclipse  respcctivelj. 

RULE. 

To  the  apparent  times  of  the  beginning  and  end  of  the  eclipse  add  the  estimated  lon- 
gitude of  the  place  in  time  if  it  is  tcesl,  but  subtract  if  ea9t ;  the  sum  or  diflerence  will 
be  the  supposed  time  at  i^recnwich,  corresponding  to  which,  in  the  Nautical  Almanac, 
find,  by  Problem  I.  the  moon's  serai-diameter,  horizontal  parallax,  longitude  and  latitude,* 
and  the  sun's  semi-diameter,  longitude  and  right  ascension  ,  also  the  moon's  horary  mo- 
tion from  the  sun,  by  Problem  11.  Decrease  the  sun's  semi-diameter  3^  '  for  irradiation, 
and  the  remainder  will  be  his  corrected  semi-diameter.  Decrease  the  moon's  semi-dia- 
meter 2"  for  inflexion,  and  to  the  remainder  add  the  correction  in  '1  able  XLIV.f  the  sum 
will  be  the  moon's  correcfe<i. semi-diameter.  Find  also,  in  the  Nautical  Almanac,  the 
obliquity  of  the  ecliptic. 

With  these  elements '  and  the  apparent  time  at  the  place  of  obserration,  calculate 
the  altitudes  and  longitudes  of  thc,Nonagesim>il,  by  Problem  W.  the  parallaxes  in 
longitude  and  latitude,  and  the  moon's  apparent  loiigitude&  und  latitudes,  by  Problem  V.. 

Take  the  diflcrence  between  the  appartiu  lurigit  dcs  of  the  moon  at  ^e  beginning 
and  end  of  the  eclipse,  and  subtract  therefrom  the  difi*ei;ence  of  the  sun's  longitudes 
at  the  same  times,  the  remainder  will  be  the  relative  motion  in  longitude  D£  or  FA. 
The  relative  motion  in  latitude  AL,  is  found  by  taking  the  difference  of  the  moon's 
cpparent  latitudes  at  the  beginning  and  end  ^of  the  eclipse,  if  they  are  both  north, 
or  both  south,  but  their  sum,  if  one  be  north,  the  other  south.  From  the  logarithm 
of  FA,  increasing  the  index  by  10,  subtract  the  logarithm  of  A^r,  the  remuin<!er  will 
be  the  log-tangent  of  the  angle  of  inclination  DSB  ;  this  ang!c  \t>  to  be  taken  gy  eater 
than  90'^'  when  the  moon's  apparent  latitude  FD,  at  the  beginning  of  the  eclipse,  is 
greater  ihnn  at  the  end  EL,  otherwise  less.^  Then  to  the  log.  co-secant  of  the  angle 
of  inclination,  add  the  logarithm  of  the  relative  motion  in  longitude  FA,  the  sum, 
rejecting  10  in  the  index,  will.be  the  logarithm  of  the  apparent  motion  of  the  moon 
FL  on  her  relative  orbit.  Then  in  the  triangle  SFL,  the  sides  SF,  SL,  represent  the 
sums  of  the  corrected  semi-diameters  of  the  sun  and  moon  at  the  beginning  and  end 
of  the  eclipse,  and  these  with  the  relative  motion  FL,  are  given  to  find  the  angle  FSB, 
(by  Case  VI.  Obi.  Trig.)  Thus:  to  the  log.  ar.  co.  of  FL,  add  the  log.  of  the  sum 
of  SF  and  SL,  and  the  log.  of  their  difference,  the  sum,  rejecting  10  in  the  index,  will 
be  the  logarithm  of  the  difference  of  the  segments  FB,  BL ;  half  of  which,  added 
to,  and  subtracted  from  half  of  FL,  will  gi^e  the  two  segments  FB,  BL,  the  greater 
segment  being  contiguous  to  the  greater  side,  whether  SF  or  SL.  Then  from  the 
logarithm  of  the  segment  FB,  increasing  the  index  by  10,  subtract  the  log.  of  SF,  the 
remainder  will  be  the  log.  sine  of  the  angle  FS6,||  which  is  always  less  than  90^: 

,      ,  ,  ■  \  ■    , 

*  Conrecied  for  the  error«  of  Ihr  tables  in  lone  Hud  p  •"«♦  lalitdrte.  when  knnwrt. 

f  This  correction  mufit  lie  found  Mi'i<-r  ihe  nltiturteand  |nng>itmie  of  ihe  Hon.  ^etimal  nre  mlnilated. 

X  This  rale  is  equaljy  true  whether  the  latitude  be  of  the  «me  or  diflerent  nameji.    If  ihe  laiitudes 

sre  equal  and  of  thp  san.e  name,  the  nn^le  D^B  will  be  90".-   It  lliey  ate  equal,  but  uf  different  names, 

the  MOffle  DSB  may  be  taken  .icute  or  obtuse,  Atnce  in  thai  case  theanp^e  F8R  is  90**.    6irirtly  ipcak- 

ing,  wbeo  the  points  F,  L.  fall  on  diflerent  sides  of  the  lioe  OK.  the  ancle  DSK  b  grtater  or  /en  (Iwii 

PD  .  KL  5  -^ 

B0» :  ttccordbig  as  the  exprestion is  grtater  or  lct$  thar. but  h$  the  dlriton  SL  and  &F  ac« 

8F  SL  ^^ 

nenrly  equal,  tber  may  he  neglected,  (as  in  the  aliore  rule)  except  in  a  eaise  which  very  nm^oe^ 
cur*,  namely,  when  ihe  itiirerencf  of  SL.  SF  is  frre«ier  than  the  cUflerenre  of  ibe  two  app.  latitudes 
EL,  FD,  in  wiiich  case  the  rule  in  iJiis  note  must  be  made  u«e  of.  Oboervln?  that  the  fractions 
£L    FD  X 

— -,  represent  the  qpioticnts  of  the  moon\  apparent  latitude  divided  by  the  sum  of  tl>c  Kmi-dih-' 

6L    18F 

OMtars  of  the  san  and  moon. 

I  When  SF,  «L  ar«  equal,  or  thi-ir  diflerpnce  1h  k>  small  that  It  may  be  neg\rcttd,  the  log.  nine  V  the 
aiH^le  F8B  may  be  obtained  much  more  expeditiomiy  l»y  Kiibtrartiag  tbe  lop.  of  tlie  «um  otSF  and  SL, 
from  the  lopr.  of  FL  Incrparinir  ti»e  index  by  lO.  Thi»  meilKvi  may  almost  always  be  made  ttfe  of  wiih- 
oni  much  error.    It  is  the  role  adopted  by  Doctor  Mackay  in  his  treatise  on  lon^ttide.  ^  j 
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the  difPerence  between  this  and  the  angle  of  inclination  DSB,  mil  be  the  coUral  toide 
DSF. 

To  the  log.  co-sine  of  the  central  angle,  add  the  log.  of  the  sum  of  the  corrected  semi- 
diameters  at  the  beginning  of  the  eelipse  SF,  rejecting  10  in  the  index,  the  sum  wiD  be 
the  logarithm  of  SD,  the  apparent  difference  of  longitude  of  the  sun  and  moon  at  tba^ 
time.  This  is  to  be  subtracted  from  the  longitude  of  the  sun  at  the  beginning  oC  the 
eclipse,  if  the  central  angle  is  less  than  90',  but  added  if  greater  than  90^,  the  simi  er 
difference  will  be  tfaft  moon's  apparent  longitude :  tothis  must  be  added  the  moon's  par- 
allax in  longitude,,  when  her  distance  from  the  Nonagesimal  (found  as  in  Problem  V.  bv 
subtracting  the  longitude  of  the  Nonagesimal  from  the  moon's  longitude,  borrowii^  360'* 
;  when  necessary,)  is  greater  than  180%  otherwise  the  parallax  most  be  subtrmcUd;  the 
sum  or  difference  will  be  the  moon's  true  longitude  at  the  beginning  of  the  eclfasae.     • 

Take  the  difference  in  seconds,  between  the  sun's  and  moon's  true  longitod^at  the 
beginning  of  the  eclipse,  to  the  logarithm  of  which  add  the  arith.  comp.  log.  of  the 
moon's  horary  motion  from  the  sun'*'  in  seconds,  and  the  constant  logarithm  3.55690: 
the  sum,  rejecting  10  in  the  index,  will  be  the  logarithm  of  the  time  from  the  coqjiuietioa 
in  seconds^  which  is  to  be  added  to  the  oi>8erTed  apparent  time  of  the  beginning  of  Che 
eclipse,  when  the  sun's  longitude  at  that  time  is  greater  than  the  moon's  true  loi^tude, 
otherwise  subtracted ;  the  sum  or  difference  will  be  the  apparent  time  of  the  tme  edlstic 
coi^junction  of  the  sun  and  moon  at  the  place  of  observation.  The  difference  between 
this  and  the  time  of  coigunction  at  Greenwich,  inferred  lh)m  the  Nautical  Almanac  by 
Problem  III.  will  be  the  longitude  of  the  place  of  observation.  But  if  c<nnespoiiding 
■  observations  have  been  made  at  different  places,  it  will  be  much  more  accurate  to  find 
'  the  times  of  the  conjunction  at  each  place  by  the  above  rule,  and  the  difierence  of  those 
times  will  be  the  difference  of  meridians,  if  it  does  not  differ  much  Oram  the  sappoaed 
difference  of  longitude.  If  there  is  considerable  difference,  the  operation  must  be  re- 
peated, making  use  of  the  longitude  found  by  this  operation ;  and  thus  bj  successive 
operations^  the  true  longitude  may  be  obtained. 

The  ion^  of  the  place  of  observation  being  accurately  known,  the  erron  of  the  lunar 
tables  in  long,  and  latitude  maybp  easily  found.  For  the  difference  between  the  moon's 
true  longitude  deduced  by  the  above  method  from  the  observations,  and  the  longitude 
fonnd  from  the  Nautical  Almanac,  will  be  the  error  of  the  tables  in  longitude.  To  find 
the  error  in  latitude,  add  the  log.  sine  of  the  central  angle  DSF  to  the  log.  of  the  sum  of  the 
corrected  semi-diameters  at  the  beginning  of  the  eclipse  SF,  the  sum,  rejecting  10  in  the 
index,  will  be  the  logarithm  of  the  moon's  apparent  latitude  FD  at  that  time,  wbicb  will 
be  south,  if  the  point  F  falls  below  D,  otherwise  north.  Take  the  difference  between 
this  and  the  moon's  apparent  latitude  found  by  Problem  V.  if  they  are  both  north,  or  both 
south ;  but  their  sum,  if  one  be  north  and  the  other  south,  and  the  eiror  of  the  CaUes  in 
latitude  will  be  obtained,  f 

REMARK. 

The  above  rule  will  answer  for  deducing  the  longitude  from  the  observed  beginnii^ 
and  end  of  the  internal  contacts  of  a  total  or  annular  eclipse.  The  differences  consist  in 
reading  the  rule,  beginning  and  end  of  the  internal  contacts,  instead  of  beginnmg  and 
end  of  the  eclipse,  and  taking  SF,  SL  equal  to  the  differences  of  the  corresponding  semi- 
diameters,  instead  of  their  sums. 

EXAMPLE. 

At  Salem,  in  the  latitude  of  42^  33'  30"  N.  longitude  by  estimation  4h.  43^  33^  W. 
from  Greenwich,  the  beginning  of  the  total  eclipse  of  June,  1S06,  was  observed  at  15dJ 
2%h.  6'  18M,  and  the  end  at  the  I6d.  Oh.  50'  34".6,  apparent  time,  by  astfonomical 
computation.    Required  the  longitude  of  the  place  of  observation  7 

Most  of  the  following  elements  are  calculated  in  Problems  I.  11.  IV.  V. 


T» 


1  the  bornry  modon  varies,  it  must  be  taikm  to  correspond  to  the  mkkHe  time  bctweoi  tfe 
beginniiig  of  the  eclipse,  and  the  conianction  or  new  moon. 

t  When  the  eclipse  or  occultation  u  nearlv  central  or  (in  other  words)  when  FD,  EL  are  vevTcmll 
in  comparison  of  SF,  the  latitude  thus  foutid  oannot  be  depended  oa,  as  a  small  error  la  the  limesi  of 
olfservatlon,  would  produce  a  considerable  error  In  the  iatitnde.  Indeed  the  case  may  ooear  whea  FOL 
KL  are  less  than  30",  that  it  may  be  uncertain  whether  the  points  F,  L,  fitU  above  or  below  Om  line  DK 
because  the  error  of  the  lunar  tables  in  latitude  may  sometimes  be  equal  to  90".  In  this  case  the  eonacl 
latitude  of  the  moon  may  be  found  (1)  By  observntiens  made  at  another  place  where  the  edine  orflr* 
filiation  was  not  so  central  (2)  By  the  number  of  digifs  eclipsed,  if  it  was  a  sobr  eclipse.  ^Bf  the 
diflcrencc  of  declioAtions  of  the  moon  nnd  star  observed  before  and  after  the  imroenioa  or emexM.  (*1 
«y  Uie  meridian  alUtude  of  the  moon  observe<l  the  same  day,  whence  it  may  be  found  whether  the  i 
was  north  or  wnilb  of  her  place  given  by  the  ubies. 
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58^ 


KLEMENT6  OF  THE  ECLIPSE. 


\   BEGIN NIUQ.  } 


END. 


Apmrenf  times  of  obMnratlon 
FBthnaled  loogitiide  W.  from  Greenwich 
Sii|i|KMed  time  «t  Qieenwich    * 


©'•rfrht 

Obil^l^  ^  the  ecti|>tic 

LongHudeoT.^ 

I'l  tne  loQff.—l 

This  dittaoce  or  supp.  if 


UL  ofpiace  43*  S3'  80"— Rednc.  Tab.  XXXVIU.  11'  36' 

the  ectiptic    .       .  .       •       •  ^  - 

N.  A_EiT.  Tib.  W.6=fTnib  kmg.   H  Prob.  I. 


or  the  NontfHtaMd,  bgr  Prob.  IV. 
•Loogf.  lioiiagcss] 

'  Bttpp.  if  ereater  il 

Altitude  of  Nonagesiml  Prob.  IV. 


sjk's  djst  from  Nonages 
than  190»  is  aich  D.      . 


D**  horisontal  iMurallas,  bj  Prob.  L   .       • . 

H3%  hor.  par.  8".ft--Corfection,  Table  XXXVIII.  5" -6 

BMiiced  parallax 

P'B  8.  Dhm.  by  N.  A.— InflexJoo  3"       .       .       .       . 
Add  correction  Table  XUV 

'*s  corrected  semi-dlamecer  .       .       .       .       • 

'    emi-dlameter  br  N.  A.  15'  46".l-.Irradlatl0n  3  ".5 
oftbecorrededseml-dlameten       .... 

■s  honry  motion  In  longllnde  by  Problem  IL  Ex.  11. 
S)'a  horary  motion 

1*1  liomnr  motion  from  die  son* 

*•  panliaz  in  longitode  P 


n*s  apparent  longimde—Ermr  Tab.  68".£,  by  Prob.  V. 

SA  longitude  by  Problem  L 

SC  Jl*  '^*  '•"f*(**<'*'=])  "PP>  mot.    . 


^  true  lat.  by  K.  A  Prob.  I.— Error  Tab.  11".4 
1  app.  lat.  cor.  for  error  Tab.  ll".4  by  Prob.  V. 
I's  /at  mt  tmd^Lat,  at  hegiwiing 


d.  b 

15  22   6  18.1 

446  32 

16  3  49  6(^1 
6  86  104) 

4323    4 
33  37  48 
8S49    &6 
63  22  91 
30  36  S3 
D      2036  S3 
67  68  M> 
60  34.1 
—  14^ 
60    9.7 
16  38.7 
1&2 
16  40.9 

18  42.6 
93  2S.S 
96  39.2 

2  3S.1 
34  16.1 

19  46.8 
84  8603 
84  41    8.4 


sr= 


FD=- 


—  24  27^ 


d.  k.    ^    ' 
16   0  50S4J6 

4  48  32 
16   6  94    6.6 

6  37  18.6 


85  39  33.6 
95  36  36 

360    267 

D       967    8 

70  67  46 

60  27j0 

—  14.4 

60  13.6 

'  16  38.4 

10.4 

16  42J 

16  43.6 

S3  3&4 

86  43.8 

3  88.1 

84  10.7 

10    OjO 

86  19  88.6 
84  47S&6 

1  10  48.3 

6  asj 

64  10.3 
— 15  ia4 
EL=+  4  33.6 
AL=>f   6  2&8 


8L= 


FA 


3.58548 


6.41233 


fiF  +  8L=64'48".9 
Di£  SF,  8L 

I>ur.  segmentf 


Its  half 
Half  of  FL 
8am  Is  great 
Diff.  is  lesser 
6F  83*  2S".5t=: 


8868    9  log: 
1    9  log. 


&6e988 
037875 


[tFB 


1  91    log.    0.38090 

095 
1934  85 
1996    8 

1939    8     log.  13^8644 
1943    6     log.    3.28868 


Angle  FSB 

Inclination 

BUT  cent  ang.  D6F 
6F 

28".6     = 


sbie  9J»786 


84*  W 
84  14 


0    5  co-sin.  10.00000 
log.    338868 

1943  6    log.    S.2B868 


84*41'   3".4        - 
—    83  »  .6 

H      8  39  .9  byobs. 
^     10  46  .8 


As  the  apparent  latitude  at  the  beginning  of  the  eclipee  is  nortlv  and  at  the  end  sooth,  the  pofaU  F  cor> 
**  r  to  this  example  fiiUls  above  D£,  the  pohit  L  below  iL    The  rest  of  the  calculation Ja  as  foUovs  • 

(Sf§  longitude 
6D 

ft's  app.  long. 
]>*s  par.  long. 

h's  true  long.. 
^»  long. 

DtfC        8130"  .3  =    52  10    3  log.     8.48568 

]>  hor.  mot,  fr  ®  84'  17".1=:  2057  ".1  AC     6.68675 

Time  fr.  coiO-    Ih.  31'l8".ls=5478".I  log.  8-78868 

App.  li.  ofaa.     15  22    6  18.1 

An.  tl.  coDj. 
Conjunct. 


FA  64'  10".S=8860".2  log.  18.68548 
All    6  88.8  s  38&8  log.    3.68917 

rnglinarton  84*  14'    tan.      10.99631 

*  Apparent  motioBFIi  3889.7 

Its  arlth.  comp. 


83  48  68  .1 

84  41    8  ^  coast.  8.5569^ 


*15  23  37  86.2  at  Salem 
16   4  19         atOreeawicb 


IMff.  Uexld. 


4  41  23.8 


sine  7.16270 
sine  3.28858 


App.  lat.  FD^S^^.S     log.  0.45128 


In  finding  the  time  of  coi^unctioB  or  ii£w  moon,  at  Greenwich,  4h- 19^,  in  the  Nau- 
tical Almanac,  (he  longitude  of  the  moon  was  supposed  to  te  giren  correctly  by  the 
tahlea.  If  the  calcalation  be  made  hy  Problem  III.  after  allowing  for  the  error— 58^.5, 
the  reetdt  will  be  4h.  2<y  47^  whence  the  difference  of  Meridian8=4h.  43^  10^.8,  whkh 
difiers  ao  little  from  the  aMumed  longitude  4b.  43'  33",  that  it  will  not  be  neceaaary  to^ 
repeat  the  operation.  If  the  eclipse  waa  observed  at  Greenwich,  the  time  of  coiyunc- 
tion  ought  to  be  determined  thereby,  in  a  similar  manner  to  the  above  calculatiiHi^;  or 
by  those  of  Problem  VIII.  if  only  one  of  the  phases  is  observed :  by  this  meaihs  the 
errors  of  the  tables  will  be  wholly  avoided.    If  the  eclipse  was  not  observed  at  Green-    . 

*  This  horary  motion  increases  from  34'  16".1  to  34'  19".7  or  3".6,  during  the  ecU^ise  3b.  44'  16".^ 
which  is  1".83  per  hour.  Now  tiie  ecliptic  conjunction,  or  time  of  new  moon  at  Greenwieh  bv  the  N.  A. 
was  4h.  19'  or  rather  4h.  20'  47",  correspondin^r  to  23h.  87'  15"  at  Salem,  which  b  ih.  90'  67''^  aftet*  the 
besfvning  of  the  eclipse:  apd  the  increase  of  the  horary  motion  in  half  that  time  is  i",  which  added  te 
S4'^l6".t,  gives  the  horary  motion  34'  ]7".i,  corresponding  to  the  middle  time  between  the  beglnningof 
the  eclipse  and  conjanction.   This  is  used  io  calculating  tfac.corrcct  time  of  conjunction. 
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wich,  the  observations  at  suj  other  place  whose  longitude  is  known  migiit  be  nude  U9e 
of,  and  thus  the  diiTerence  of  ffleridians  accurately  obtained. 

The  moon^s  true  longitude  deduced  from  the  above  observation,  is  83^^  48'  53''.  1 ;  by 
the  N.  A.  it  is  33<^  dO  2'  .0,  the  diUerence— -bS".9  would  be  the  error  of  the  tables  by 
this  observation,  if  tbe  ass  nned  langitude  4h.  43^  32'  and  the  solar  tables  were  correct. 
By  repealing  the  operation  with  the  ai^sumed  longitude  4h.  43^  10".8  the  error  SS'^.S 
would  be  reduced  to  nearly  the  estimated  value  o^',o. 

The  eclipse  was  so  nearly  central  at  Salem,  that  a  variation  of  a  minute  in  the  mooB's 
latitude,  would  hardly  alter  the  times,  or  duration  of  the  eclipse ,  so  that  the  latitnde 
could  not  be  determined  by  the  above  observations  to  any  considerable  denee  of  aoeo- 
racy.  From  this  cause  it  happens  that  the  .ipp.  latitude  at  the  beginning  oi  the  eclipse 
JB  by  the  above  calculation  2'^8  instead  of  1'  ai/'^f^j  as  found  by  allowing  the  error 
IVA,  deduced  from  other  observations  made  where  the  eclipse  was  not  so  neajiy  cen- 
tral, and  by  the  limits  of  the  shadow  of  total  darkness. 

PROBLEM  VII. 
Given  the  latitude  of  the  place,  and  the  appoarent  times  of  the  beginning  afkd  end  qfan  ceetd' 

ioHon  of  a  fixed  star  by  the  mooiiy  tofmd  the  longitude  of  the  place  ej  obeertalion. 

In  the  following  rule  reference  wUl  be  made  to  fig.  13,  Plate  Xll.  in  which  DSE  t€^ 
presents  a  parallel  to  the  ecliptic  passing  through  the  place  of  the  star  S  ;  SF,  SL  iht 
corrected  semi-diameters  of  the  moon  at  tbe  beginning  and  end  of  the  occultaiion ;  W, 
£L  the  differences  between  the  apparent  latitudes  of  5xe  moon  and  thenar,  when  of  tin 
same  name,  or  their  sums  when  of  different  names ;  either  of  these  lines  falling  6eIoio 
D£  if  the  moon's  apparent  latitude  b  more  southerly  than  that  of  tbe  star,  otherwise 
<  above. 

RULE. 

To  the  apparent  times  of  the  beginning  and  end  of  the  ocisultatioo  add  the  estimated 
longitude  of  the  place  in  time  if  it  is  west,  but  subtract  if  east ;  the  sum  or  difference 
will  be  the  supposed  time  at  Greenwich,  corresponding  to  which,  in  the  Naiitical  Al- 
manac, ^mI  by  Problem  I.  the  moon's  semi-diameter,  hori2ontal  parallax,  loi^tude  and 
latitude,''''  and  the  sun's  right  a^oensiqn  ;  also  the  moon's  horary  motion  by  Problem  II. 
and  the  true  longilude  and  latitude  of  tbe  Axed  star,  by  Table  XXXVII.  corrected  for 
aberration  and  equation  of  equinoxes  by  Tables  XL.  XLI.  Find  also  in  the  N.  A.  the 
obliquity  of  the  ecliptic.  To  the  moonN  semi-diameter,  add  the  correction  in  Tahk  . 
XLIV.f  and  from  the  sum  subtract  the  inflection  2'^,  the  remainder  will  be  her  ce/mt^ti 
semi-diameter.  VV'ith  these  elements  and  the  apparent  times  at  the  place  of  obeervation, 
calculate  the  altitudes  and  longitudes  of  the  Nonagcsimal.  by  Problem  IV.  and  theparal> 
laxes  in  longitude  and  latitude,  and  the  moon's  apparent  longitudes  and  latitudes  br 
Problem  V. 

Take  tbe  difibrence  between  the  o^Mren/  longitudes  of  the  moon  at.  the  beginning; 
and  end  of  the  occultation,  which  will  be  the  moon's  apparent  motion  in  longiti^,  the 
logarithm  of  which,  in  seconds,  being  added  to  the  log.  co-sine  of  the  meanX  of  the 
apparent  latitudes  of  the  moon  at  the  beginning  and  end  of  the  occultation^  rejecti|ig  10 
in  the  index,  will  be  the  logarithm  of  the  motion  of  the  moon  on  the  parallel  FA.  The 
relative  motion  in  latitude  \L,  is  found  by  taking  the  difference  of  the  moon's  apparent 
latitudes  at  the  beginning  and  end  of  tbe  eclipse  if  they  are  both  north  or  both  south ; 
but  their  sum  if  one  be  north  and  the  other  south.  From  the  logarithm  of  FA,  inci«a»- 
ing  the  index  by  10,  subtract  the  logarithm  of  AL,  the  remainder  will  be  the  log.  tangent 
of  the  angle  of  inelinatian  DSB;  this  angle  is  to  be  taken  greater  than  90^  when  tbe  dif- 
fepnce  of  the  moon's  and  star's  apparent  latitudes  at  the  beginning  of  the  occultation 
Pu  is  greater  than  at  the  end  EL,  otherwise  less.§  Then  to  the  log:  corsecant  of  the 
angle  of  inclination,  add  the  logarithm  of  the  relative  motion  FA,  the  sum,  rejecting  10 
in  the  index,  will  be  the  logarithm  of  the  apparent  motion  of  the  moon  in  her  orbit  FL. 

Then  in  the  triangle  SFT^,  the  sides  SF,  FL  (representing  the  corrected  semi-dia- 
meters of  the  moon  at  the  immersion  and  emersion,)  and  the  relative  motion  FL  are 
given  to  find' the  angle  FSB  (by  Case  VI.  Oblique  Trig.)  Thus:  to  the  log.  ar.  co. 
of  FL,  add  the  log.  of  the  sum  of  SF  and  SL,  and  the  log.  of  their  difference,  the 

*  Corrected  for  tbe  errora  of  the  tnbles  In  longitade  and  lalitude.  wl)en  known. 

t  This  correction  tnns;  be  fottrnl  after  the  nlUtude  nnd  longiutde  of  tbe  nonafre^msl  iirr'  ealCHhted. 

t  The  mean  ktitiide  is  half  the  sum.  of  th&  two  laiiliideR,  if  they  ive  of  the  nme  imnw^  bm  ihakr  het€ 
diflTerenee.  \f  <>f  different  mmeH.  In  Mlar  edipaes,  the  correction  for  the  mean  intitude  of  tbt*  idood  is 
negleetetf  as  too  small  to  be  talien  Dottce  of,  the  distance  FA  being  taken  equal  n>lhe  diiference  of  lonn- 
tude  DE  (fig.  12.  P.  XH.) 

§  Thtt  rate  U  equally  tnM  whether  the  polnrs  K,  L  fall  on  the  same  or  on  dUTemit  cMIm  ni  ttelfew 
DE.  If  DF.  EL  are  »>quaL,  Hnd  rbe  points  F.  L  fall  on  the  «ianie  aide  of  DE,  the  angte  DSB  will  bs  M*« 
If  they  are  eqnal.  a  d  ihow  points  fail  on  ilifltMrnt  sides  of  the  line  DE,  the  angle  D8B  may  be  fifeVt 
i|pite  or  obtuse.    In  strictness  when  tbe  ])oints  F,  L  fall  on  diflVrent  sides  of  DK,  tbe  angle  USB  la 

io  EL 

^t^^^r  or  less  than  90%aceordhig  as  the  (pttDtity—  ic  gfeaftr  or  tt*  <Bsii  ^r 

er  BL 


ioogle 


ly   F^NP    'i-JH*   hQWlTVDE   3V   AN   OCV'ULTATJQN.  •       p§7 

8um«  rejecting  10  in  the  index,  ifill  be  the  log.  of  the  difrercnce  of  the  segments  F6, 
BL ;  half  of  which  added  to,  and  subtracted  from  half  of  FL,  will  give  the  two  segments 
I'B,  BL,  the  greater  segment  being  contiguous  to  the  greater  side,  whether  SF  or  SL. 
Then  from  the  logarithm  of  the  segment  FB,  increasing  its  index  bv  10,  subtract  the 
logarithm  of  SF,  the  remainder  will  be  the  log.  sine  of  the  angle  FSB,||  which  is  always 
less  than  90^,  The  diference  between  this  and  the  angle  of  inclination  DSB,  will  be 
the  central  angle  DSF. 

To  the'log.  co-sine  of  the  central  angle,  add  the  logarithm  of  the  moon's  corrected 
aemi-dfaimeter  at  the  immersion  SF,  and  the  log.  secant  of  the  star's  latitude,  the  sum^ 
rejecting  20  in  the  index,  will  be  the  logarithm  of  the  apparent  difference  of  longitude 
of  Mie  moon  and  star  at  that  time.  This  is  to  be  subtracted  from  the  true  longitude  of 
the  star,  if  the  central  angle  is  less  than  90°,  but  added,  if  greater  than  90°,  the  sum  or 
difference  will  be  the  moon's  apparent  longitude ;  to  this  must  be  added  the  m'oon's  paral- 
lax in  longitude,  when  her  distance  from  the  Nonagosimal  (found  as  in  Problem  V.  by 
subtracting  the  longitude  of  the  Nonagesimal  from  the  moon's  longitude,  borrowing  36QP 
when  necessary)  is  greater  than  180^,  otherwise  the  parallax  must  be  mbtraeted ;  the 
sum  or  differonce  will  be  the  moon's  true  longitude  at  the  beginning  of  the  occultation. 
Take  the  difference  in  seconds  between  the  true  longitudes  of  the  star  and  moon  at 
the  beginning  of  the  occultation,  to  the  logarithm  of  which,  add  the  arithmetic^  comp. 
log.  of  the  moon's  horary  motionf  in  seconds,  and  the  constant  logarithm  3.55630,  the 
sum,  rejecting  10  in  the  index,  will  be  the  logarithm  ofthe  time  from  the  conjunction  in 
aeconds,  which  is  to  be  added  to  the  observed  apparent  time  of  the  beginning  of  Uie 
occultation,  when  the  star's  longitude  is  greater  than  the  moon's  true  longitude  at  that 
time,  otherwise  subtracted ;  the  sum,  or  difference,  will  be  the  apparent  time  of  the  true  ^ 
ecliptie  conjunction  of  the  star  and  moon  M  the  place  of  observation.  The  difference 
between  this  and  the  time  of  coiyunction,  inferred  from  the  Nautical  Almanac  by 
Problem  III.  for  the  meridian  of  Greenwich,  will  be  the  longitude  of  the  place.  If  coi^ 
responding  observations  be  made  at  difierent  places,  it  will  be  much  more  accurate  to 
jdeduce  from  them  Uie  time  of  conjunction  at  each  place,  and  take  the  difference  of  those 
'times  for  the  difference  of  meridians,  if  it  does  not  differ  much  from  the  suppos^fHiffet- 
ence  of  longitude.  ^If  there  is  considerable  difference,  the  operation  must  be  repeated;, 
making  use  of  the  longitude  found  by  this  operation ;  and  thus  by  successive  opera* 
tions  the  true  longitude  may  be  obtained. 

The  long,  of  the  place  of  observation  being  accurately  known,  the  errors  pf  the  lunar 
tables  in  lat.  and  long,  may  be  easily  found.  For  the  difference  between  the  moon  9 
true  longitude,  deduced  from  the  observations  by  the  above  method,  and  the  longitude 
found  from  the  Nautical  Almanac,  wiU  be  the  error  of  the  tables  in  longitude.  To  nnd 
the  error  in  latitude  proceed  thus:  To  the  log.  sine  of  the  ctfiUral  angle  DSF,  add  the 
logarithm  of  the  corrected  semi-diameter  of  the  moon  at  the  immersion  SF,  the  sun*, 
rejecting  10  in  the  index,  will  he  the  logarithm  of  the  apparent  difference  of  latitude  Ol 
the  moon  and  star,  which  added  to  the  true  latitude  of  the  star,  with  the  sign  -|-  il  the 
point  F  falls  heUw  the  line  DE,  but  with  the  sign  —  if  o6orf,  will  give  the  apparent  lati- 
tude of  the  moon  at  that  time,  the  difference  between  tliis  and  the  apparent  latitude 
found  by  Problem  V.  will  be  the  error  of  the  Ubles,  always  supposing  the  sign  +  to  be 
prefixed  to  saiOhem  latitudes,  the  sign  —  to  nmlhem,  ahd  noting  the  signs  as  m  algebra.* 
^  REMARK. 

In  the  two  preceding  Problems  the  time  ofthe  true  conjunction  is  calculated  by  mean* 
of  the  triangle  SFD,  but  it  will  be  useful  for  the  purpose  of  verification,  to  go  over  the 
(ftdculation  by  means  of  the  triangle  SLE.  The  process  is  nearly  the  sune  in  both 
methods.  The  differences  consist  in  finding  the  angle  LSB  by  subtracting  the  Ic^thm. 
of  SL  from  the  logarithm  of  LB,  increasing  iU  index  by  10,  the  remainder  will  be  the 
log.  sine  of  the  acute  angle  LSB,  which,  added  to  the  angle  of  inchnation,  (found  aa 
l>efore)  will  give  the  central  angU  DSL,  with  which  and  the  distance  SL,  corresponding 
to  the  end  of  the-eclipse  or  occultation,  may  be  found  the  apparent  diff.  of  lon^tude  be- 
tween the  sun  and  moon,  and  moon  and  star ;  this  is  to  be  added  to  the  longitude  of  the 
aun  or  star  at  that  tune,  if  the  central  angle  exceed  90^  otherwise  subtracted,  the  sum 
or  difference  will  be  the  apparent  longitude  of  the  moon  eorresponduig,  from  which  the 
time  of  the  ecliptic  conjuncUon  may  be  obtained  as  before.  If  the  central  angle  exceed 
180°  the  sine  and  co-sine- of  the  excess  of  that  angle  above  180°  must  be  found  instead 
of  the  sine  and  co-sine  of  the  central  angle.  ,  ^  •  ^^^, 

Tbeapparenl  laUtude  of  the  moon  h  found  as  In  the  Preceding  mle^  hy  mfMB^JiMctO^ee^ 
anple  D^and  the  value  SL,  corresponding  to  the  end  of  the  ocl.p»e  or  occullaltonj  wbeooemar  te 
deduced  the  apparent  latUwIe  and  the  error  of  the  (i^bles  In  latitude.  r.-«x.ii  .  iwnof  «r  »h« 

II  is  evident  tW  both  these  methods  ou^ht  to  (fWe  the  same  results  and  thus  furatah  »  P~f/.  o^^J 
correctness  of  the  cakuUtions.  All  these  calculations  mny  be  made  by  P<^^^^^^i^SSSS^ ^ 
remlin?  in  the  mle,  lo(f.  co-tnnff.  for  lo|r.  tang,  logr-  co^ant  Jor  »og.  sine,  ite.  ajvjs  mentioned  at  lta» 
end  of  the  rule  in  VnAArm  V.  and  bv  us! T»g  the  consTant  log  .0.4771  inrtead  of  3  66630.  .       _       ^^ 

I  'iT'vVheo  SKrrSt  theaofclemay  be  foundas  ,n  Uie  note,  widi this  mark  i"  P«g?  *83. 
'  t  When  this  varies,  H  roust  be  taken  to  correspond  to  the  middle  time  berweea  the  Immerflon  and 
irue  conjuiKlion.  ♦  See  note,whh this markm  page 5"^^,,,^^^  uy  ^^ ^ ^^ iV    ' 
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lO   l^lKD  VHE  L«N<;iTIJOK   BY   AN  OCCULT ATI^N. 


EXAMPLE. 

Bnnpose  n  a  place  hi  the  latitude  of  20o  0'  N.  longiiade  lb.  Sis.  Ok  eaM  of  Gnmiwicb  bj  e%tiinatior>f 
the  ocoiltttlion  of  Snlca  bv  III©  Moon  on  I>ec.  12, 1808,  was  obserred  ?  the  immenk»  a^  leb.  57'  29",«»«r' 
sion  at  ISh.  10'  Zd",  apparent  time  by  astronomical  computation.  Required  the  loogttade  oC  tbe  place  of 
observation  7 

M(Mt  oftha  elemfnts  in  the  following  Table  are  calculated  by  ProMeros  I.  IL  and  VI. 


A^ 


Aiiparent  times  of  obsenratjon  .... 

Estimated  longitude  E.  from  Greenwich 

Supposed  lime  at  Greenwich 

9f»  right  ascension  

UL  of  place  20«  O'—Reduc.  Tab.  XXXVIII. "»'  22" 

Obliquity  of  the  ecliptic 

"»  long,  by  N.  A__Prob.  I 

mfiitude  of  the  Nonngesimiil,  by  iProb.  IV. 

*s  long.— Long.  Nomige8=I^^  dist  from  Nonages 

bis  distance  or  its  supp.  to  SISO^  is  arch  D.      . 

Altitude  of  Nonagesinud  Prob.  IV.  ... 

h's  horizontal  parallax  

—Reduction,  Table  XXXVUI 


ELEtiKNTS   OF  THE  OCOULTATION. 


I   IMMERSION    I    EMKRSIOy. 


Redttcpd  parallax 

P's  S.  Diam.  by  N.  A.— Inflexion  2"       .       .       . 

Add  correction  Table  XLIV.  .... 

^h  oorreded  semi-diameter 

n's  horaiT  motion  in  longitude  by  Problem  11.  Ex.  I*. 

n*s  parallax  in  longitude  .  '     . 

h's  apparent  longitude 

DiflTerence  of  ]>*s  app.  longitudes     .... 

h's  true  lat.  by  N.  A.  Prob.  I.  ,       .       .       .       South 

Vs  parallax  in  latitude     . 

n's  apparent  latitude  South 

5|c»s  tr.  lat.=  ht.  T.  XXXVIL  2«  2'  13".&  S^T.  XLI.  a".6 

Diffbrenee  ]>  )|^  appb  lat. 

Difference  of  D's  app.  latitudes 

:|e  's  ir.  loDg.=Long.  Tab.  XXXVII.  20l»  10*  29".S+Tab.  \ 
XL.  ir'3t-Tab.  3CLf.  lO'M.         ,        .  .        .  j 


d.  h. 

12  16  57  S9 

I  .9    0 

13  15  48  39 
17  30a9L0 

i9"52'  sr 

23  27  98 
300    7fi&3 
149  15  55 
5053    1 
D      5052    1 
81  17  33 
59  ^S 
1.4 
69  fiO^ 
16  16.9 
104 
I8S7.S 
35  51.7 
46  96 
300  54  21^ 

1  65  11.0 
I0  2&6 

2  5  34.6 
2  '2  18.S 

FDs      3  31.1 


SF 


901  t0  9&7 


.3Et=: 
ALs. 


13  18  10  29 
1    9*0 
12  17    I  29 
17  21  12^5 


S00  5I  9&1 
165  38  58 
35  33  38 
35  33  38 
74  35  18 
59  54.4 
1.4 
59  510 
16  17.5 
18.3 
16  30.8 
35  64.2 
33  54 
301  S6  30L1 
81    8J 
1  51  S9L1 
17  38.4 
9    9   1£ 
S    2I8LS 
6543 
3  339 
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•  Thi:  difference  of  .the  apparent  latitudes  of  the  Moon  and  Star  at  tbe  beginning  of  the  i 

8'  21  ".3  being  lesd  than  at  the  end  &  64"  J2  the  angle  of  inclination  is  less  than  S0<*.    In  this  cxaaipk  the 

moon's  taititade  is  more  southerly  than  the  star's,  hence  the  poinU  F,  L,  fall  beknr  the  Cae  DE. 

Wff.  app.  long.     )>    St'    8"8=I868".8        log.  3.27IS6 

]>'s  mean  app.  lat.        2    7  21  cos.  9.99970 


Distance  FA 
]>'S  diff.  hU.  AL=3  S2.9br2t2  .9 


Inclinathm 


88»30' 


log. 
log* 


tun.         10.94308 


13.27128 
2L82818 


1879.6 


Apparent  motioo  FL 

Its  arith.  comp. 

6F-f-8L        =     32  58.1=. 

DIff.SF,SL 

Diff.  s^ments 

Its  half 

H^If  FL 

FB 

SF 

FSB 
Inclination 
Slff.  is  cent,  angle 
Star's  lat. 


Biff,  app.  long.   ])  ^  96r'.S  =  16    7.5 
Si:  longitude  201.10  90.7 


6.72594 
3.29625 
0.54407 


2.97220 

2.99445 

9.97775 


co-sine    9.9909) 
log.  2.99445 

sec.        10.00037 


^^app-W. 
^'s  par.  long. 

^*8  tme  long. 
Diff.  true  long. 
]^*s  hor.  mot. , 


Immersion 

0^lunct]on 
,  Ooqjunction 

Ptff.  of  meridians 


200  54  23.2 
—  46  25 

300  7  58.2 
3752J5=  1  2  32.5 
3153.5         85  53.5 

6373         1  44  33 

16  57  29 


loff. 
byobs. 


const.       3.55680 
log.  3.57432 

log.co.ar.  &6G686 


log. 


3.79748 


18  42   2  at  place  of  ohserra- 
17  33   0      tion  at  Greenwich. 


3^12S 


9J940& 


siu(J 


^99415 


FD  199".9=: 

9iC  laL 

P's  ap.  lat 
P's  ap.  lat. 

Error  Tab. 
p's  tr.  Ion. 
p's  tr.  Ion. 

Error  Tabk    + 


3'  19".9  loa. 
2  13  .8 


2^  5  33  .SbrefisL 
2    5  34  .6  l7  N.  A. 


—    1  .4  in  tat 
300    756  JZbyoiitf. 
200    7  56  .3  fay  N.  A. 


1  .9  inlo9g. 


9    2 


..n 


nr^n\(> 


m\a^J^!?it  ^S^,."™.®***'*  ^'^«»  *^w  35'  5I".7  to  36'  54".2  dorii^  the  oocahacieo,  hewc  at  tfce 
fronuhe  S..i2l:i  * .  **  Hf*^'**'"  «»»  Immfraion  I6h.  57'  29"  and  the  coiUUnctbn  18h.  47  (dedvcM 
ta tMto  theSi^STTr  Vl  '***™7  ^'^^  ^^  ^'  ^^''^ "^  '*  **^  ****^  ^ *  c»l<?utoll«i  similar 
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The  difiference  of  meridians  deduced  from  the  observation  Ih.  3'  2"  diflers  but  2" 
from  the  assumed  quantity  Ih.  9^  &',  If  the  difference  had  been  considerable,  it 
vould  have  been  necessary  to  i^epeat  the  operation  with  the  ditTerenoe  of  meridians 
thus  calculated,  and  so  on  till  the  assumed  and  calculated  longitudes  agree.  The  errors 
of  the  tables  aJoove  found  were  deduced  upon  the  supposition  that  the  observations 
were  actually  niade  at  the  pla^  mentioned  in  tbis  example,  and  that  the  true  longitude 
of  the  place  of  observation  was  Ih.  9^  0".  For  it  must  be  observed,  that  the  errors  of 
.  the  tables  in  longitude  cannot  be  found  by  an  observation  of  an  eclipse  or  occultation 
without  knowing  by  other  observations  the  precise  longitude^f  the  place  of  observa- 
tion. This  is  evident  by  obs^ing,  that  by  repeating  the  operation  till  the  assumed  and 
l^alculated  longitude  of  the  pl&ce  of  observation  agree  with  each  other,  the  long,  of  the 
moon,  deduced  from  the  c^culation,  will  agree  alsojwith  the  longitude  by  the  tables. 
The  time  of  coryunction  at  Greenwich  17b.  33'  (^  tcdcen  from  the  Nautical  Almanac,  is 
liable  to  a  small  error  ih»m  the  incorrectness  of  the  tables.  To  obviate  this  error  it  will 
be  necessary  to  deduce  (by  the  above  method  or  by  Problem  IX.  when  only  the  begin- 
ning or  end  is  observed)  the  time  of  eoi\junction  from  observations  actually  made  at 
two  places,  the  difference  of  these  times  will  be  the  difference  of  meridians  free  from 
^he  errors  of  the  tables. 

PROBLEM  Vni. 

To  find  the  longitude  of  a  place  hy  an  eclipse  of  the  sun  when  the  hegitinhtg  or  end  onlif 
juf  observed,  the  apparent  time  being  estimated  from  noon  fs  noon,  according  to  the  methhd 
of  astronomers  ;  the  latittide  of  the  place  being  also  knotcn, 

RULE. 

-To  die  apmrant  time  iipply  the  estimaletl  longitude  of  the  place  iii  (imp,  I>y  adding  if  tor»f,  subU^rt 
hig  if  ecct,  the  sum  or  dM*erence  will  l>e  the  supposed  time  nl  Grcenwidt.  Ccrresno.idin^  to  this  time 
in  the  Nauiiod  Almanac,  ftnd  by  Problem  I.  the  inoon*i  serai-diameter,  horizontnl  parallax;  luQjrUwie, 
and  latitude;*  and  the  sun*!  semi-dlanteterf  lontritude, aiid  ri(;bl  ascension;  also  tlie  moon's  homry 
motion  from  tke  sun  by  Problem  II.  Decrease  the  sun*s  ;«mi-diameter  3^"  fui*  in-adintion.  Decrease 
the  moon's  semi-dlameler  3"  for  ia^/Ser.'on,  and  to  the  reniaiDdc>r  add  the  corrrcfioii  to  Table  XLIV- 1 
xh«  sum  will  be  the  moon's  wrrtcUd  semi-diameter.  Find,  also,  ha  the  Nautical  Almanac,  the  obliquity 
of  the  ecliptic 

With  these  elements  and  the  apparent  time  at  the  place  of  observation.  cakuUte  the  altitude  and  Ion- 
f  ilode  of  the  nonageslmal  by  Proplem  IV.  and  the  panUlaxes  in  longitude  and  latitude  and  the  moon's 
apjparent  latitude  by  Problein  V. 

To  the  sum  of  the  corrected  aemMiametcrs  of  the  sun  and  moon  adi  and  suhtToet  the  moon's  apparent 
laUtude,  and  find  the  logarithms  of  the  mm  and  difcrence  in  seconds.  Half  the  sum  of  these  two  loga- 
rithms will  be  the  logarithm  {  of  ^u  arch  in  seconds,  to  be  added  to  the  sun's  longitude  if  the  phase  is 
'  Miter  the  apparent  coi^unction,  but  subtracted  if  befrre;  §  the  sum  or  difference  will  be  the  appannS 
longitude  of  the  moon.  To  this  add  thb  moon's  parallax  in  longitude  when  the  moon's  distance  Trqm  the 
nonagesimal  (found  as  in  Problem  VI.  by  subducting  the  longhude  of  the  nooagesimal  from  the  nvon's 
longitude,  borrowing  960*  when  necessary)  is  greater  than  JSO^  otherwise  subtl^cted,  the  sum  or  dUTer- 
ence  will  be  the  (mc  longitude  of  the  moon. 

Take  the  difference  In  seconds  between  the  true  longitudes  of  the  sun  and  moon,  and  to  its  logarithm  add 
Hie  arithmetical  complement  log.  of  the  moon's  horary  motion  from  the  sun  In  seconds,  and  the  constant 
logarithm  3.55630,  the  sum,  rejecting  It)  in  the  index,  will  be  tlie  log^thm  X  of  the  correction  of  the 
l^iven  time  expressed  in  seconds.  This  is  to  be  added  to  the  apparent  time  of  obsenration  when  the  moon's 
trae  huigitode  is  less  than  the  sun*s,otherwise  subtracted ;  the  sum  or  difference  will  be  the  time  of  rhe  tri:e 
eoi\ianciion  at  the  place  of  observation.  The  difference  between  this  and  the  time  of  conjunction  infer' 
red  from.the  Nautical  Almanac  fur  the  meridian  of  Greenwich  by  Problem  111.  will  be  the  longHode  uf 
the  place  of  observaUon  in  time,  supposing  the  lunar  and  soUur  tables  to  be  correct ;  but  it  is  much  more 
accurate  to  compare  actual  obseEvations  made  at  different  places,  bv  ileducinp^  the  times  of  the  ecliptic  . 
•conjunction  from  each  obsenration,  the  difference  of  these  times  will  be  the  dtflerence  of  longitude. 

EXAMPLE. 

At  Salem,  in  the  latitude  of  42«  33'  30"  N.  longilnde  by  estimation  4fa.  43'  32*'  W.  from  Greenwich,  ili« 
Hegianing  of  the  total  eclipse  of  June,  1806,  was  observed  at  I5d.  22b.  ff  18".l  aiipareut  time  by  astro- 
nomical computation     Rcfjpilred  the  longitude  of  the  place  from  this  ob«er\'ation  ? 

The  elements  must  be  calculated  as  in  (he  example  of  Problem  VL  for  the  beginning  of  the  cctipse^ 
except  those  marked  in  italics.  The  rest  of  the  calculation  may  be  made  by  proporuonal  higariihnis 
as  follows ; 

*  The  longitude  and  latitude  must  be  corrected  for  the  errors  of  the  tables,  when  known,  by  a  previous 
operaUon,  or  by  othkr  oljservaiions.  , '  ,      . 

t  This  correction  most  be  found  after  the  altitiale  and  longitude  of  t^e  nonagesimal  are  calculated. 

t  These  odculations  may  be  made  Iq  the  same  manner  by  using  propoctionai  logarithms,  the  only  dif. 
ferenoe  consists  in  using  the  constant  logarithm  0.4'<'2l  instead  of  3.55fc30  io*finding  the  time  ut 
coi^  unction. 


may 


&  In  general,  the  beginning  of  an  eclipse  or  occultation  ptrccedes  the  apparent  conjunctibn,  an^tlr 
Id  is  after  the  apparent  conjunction,  but  there  is  a  case  (which  very  rarely  occurs)  where  the  contrary 
^y  take  place:  Mmely,  wbere  the  point  F  or  L,  (P.  XII.  fig.  J2,  130  («"»  helween  O  and  B,  which 
can  happen  only  when  the  lines  FD,^:L  are  nearly  equal  to  8F  or  SL.  In  thb  case  it  may  he  ascei> 
tained  whether  the  phase  precedes  or  follows  the  conjunction  by  umking  the  calcalalion  as  in  Prob.  ^* 
or  VIL  with  the  times  of  Winning  and  end,  calculated  br  Problem  XIII.  and  as  the  antral  an^e  is 


'greater  or  less  than  90»,  theSiase  wiiUfollow  or  precede  the  apparent  eonjunctton.    The  latitudes  given 
by  the  CablO  being  fupposrd  oorrc^U 

uiyiLizeu  uy  ■%_^^»_/ v^ pc  iv 


59X)  TO  FIND  THE  LONGITUDE  BY  AN  OCCXJLTATlOi** 

gTum  seml-diam.    0    ]>        S2'23"^ 
])  App.  lat-  1  S6  .8 

Sum  S4  19  ^  P.  t.       0.7197 

Diff.  30  3?   .7  P.  L.       a77lA 


Sum        1.4912 

Half  sum  Arch    32  20  f .  L  7436 

®  Longitude  U4  41    3  .4 

1>  App.  Ion*  £4    8  4S  .4 

$  Par.  long.  -  19  46  .8 

])  True  long.  83  48  66  .6  ^     ,  ,  ^   _, 

0  True  long.  84  41    3.4  Oonl  log.        0,4tji 

DiffcrCTice  62    6.8  P.  L.  0-5383 

P  Uor.  mou  fr.  (3)  •  31  17  .1  A  Co.  P.  L»     957SQI 

Time  from  coi»j.  lb.3riS"  P.L.  O.J9^ 

App.  time  obs.  15  22    6   18 

Apix  coni-  Salem         1 5  23  37  31 

App.  coiij.  Green.        16    4  19     by  N.  A. 

Diff.  Merid.  4  41  29 

If  we  suppose  the  time  of  conjunction  at  Greenwich  to  be  4h.  20'  47' ,  «s  cUcalalni  in  ifie  exaafije 
P-iubl(*m  VI.  tbe  difierence  of  meridians  would  be  4h.  43'  l6  ",affTvelng  nrarty  wiifa  the  •muned  kmcH 
tude,  so  that  it  will  not  be  neces«ai7  tn  repeat  the  operation.  The  remarks  at  tbe  end  of  that  exmofitf 
rA'^jN'cilQg  the  errors  of  the  luuar  I'alilrf,  and  the  cumpariog  of  actual  obhej-vatioBs  at  diffcnni  pbctf, 
aVc  e<iualTy  applicable  to  the  present  Problem. 

,  PROBLEM  IX. 
To  find  the  longitude  of  a  place  by  tai  occuUation  qf  a  fixed  star  hff  the  moon,  when,  ths 
immersion  or  emersion  only  is  observed,  the  apparent  titne  being  estimated  frrnn  noon  t» 
noDUi  accor^ng  to  the  method  of  astromomen,  and  the  latitude  of  the  place  being  Jbicim. 

RULE. 

To  the  apparent  time  apply  the  estimated  longitude  of  the  place  turned  into  time,  bj 
adding  if  west,  subtracting  if  east,  the  sum  or  difference  will  be  the  supposed  tune  at 
Greenwich.  At  this  tuna  find  in  the  Nautical  Almanac  the  sun's  right  ascensioiiy  the 
moon's  semi-diameter,  horizontal  parallax,  longitude  and  latitude  *  b;  ProUem  I.  aad 
the  moon's  horary  motion  by  Problem  IL  also  the  latitude  and  longitude  of  the  fiisd  star 
by  Table  XXXVU.  and  correct  it  for  aberration  and  equation  of  equinoxes  by  Tabled 
XL.  XLL  Decrease  the  moon's  6em>-diameter  2"  fof  inflexion,  and  to  the  remainder 
add  the  augmentation  from  Table  XLIV.  f  the  siAi  will  be  the  corrected  semi-diameter. 
Find  also,  in  the  Nautical  Almanac,  the  obliquity  of  the  ecliptic  With  these  ele- 
ments and  the  apparent  time  of  obser  ration,  calculate  the  altitude  and  longitude  of  tlie 
Nonngcsimal  by  Problem  IV.  also  the  parallaxes  in  longitude  and  latttisle  of  the 
moon's  apparent  latitude  by  Problem  V.  ^ 

Take  the  difference  between  the  latitude  of  the  star  and  the  app.  lat.  of  the  nood, 
which  add  to,  and  subtract  from  the  moon's  corrected  semi>diameter  (these  quanti- 
ties being  expressed  in  seconds)  half  the  sum  of  the  logarithms  of  these  quantities  in- 
creased by  the  log.  secant  of  the  star's  latitude,  rejecting  10  in  the  index,  will  be  the 
logarithm  I  of  an  arch  ji;  seconds  to  be  added  to  the  star's  longitude  if  the  moon  has 
passed  the  apparent  coi^junction,  but  subtracted  if  before,  §  the  sum  or  dll&ience  wiU 
be  the  apparent  longitude  of  the  moon.  To  this  add  the  moon's  paniUax  in  longitiide 
when  the  moon's  distance  from  the  nonagesimal  (foupd  as  in  Problem  VIL  by  sob- 
tracting  the  longitiide  of  the  nonagesimal  from  the  moon's  lon^tude,  borrowing  360° 
^ylien  necessary)  is  greater  than  180^,  otherwise  subtract  it,  the  sum  or  difteraiee 
will  be  the  true  longitude  of  tlie  moon.  Take  the  difference  in  seconds  between  die 
moon  and  star's  true  longitudes,  and  to  its  logarithm  add  the  arithmetical  comp.  log. 
of  the  moon's  horary  motion  and  the  constant  logarithm.  3.55630,  the  sum,  r^jectii^ 
10  in  tlie  index,  will  be  tbe  logarithm  ]:  of  a  correction  in  seconds  to  be  applied  to  the 
given  time  of  observation  by  adding  when  the  moon's  true  longitude  is  less  tlnuo  tbe 
star's,  otherwise  subtracting,  the  sum  or  difference  will  be  the  tone  of  the  tnie  con- 
junction at  the  place  of  observation.  The  difference  between  this  and  the  time  Of 
coxvjunction  inferred  from  the  Nautical  Almanac  by  Problem  III.  for  the 
of  Greenwich,  will  be  the  longitude  of  the  place  of  •bservation,  if  the  tables  are  < 
rect ;  but  it  is  much  more  accurate  to  compare  the  times  of  eonjunction 

*  Corrected  for  the  errors  of  the  tables  in  longitude  or  iaUtude  when  known. 

f  This  correction  must  be  found  after  the  alUtode  and  longitude  of  tbe  mmaeohiMl  ai«  calcakieA. 

^  See  note  with  this  mark  In  page  689.  ^        .  * 

'4tJ*mJS!S2S™V'  i*KriS'"**J*^y  ^  "»«*  ^"^•l  of  common  lognriibms,  th»  eotttaatldgnrttha  1;^^ 
i-Ut  instead  of  8>5663l^  and  the  log.  cosine  being  used  Instead  of  log.  sccant.^y  ^-^  ^^^S  '"^ 


to  'CXUiVL ATE   AS  £CJLIPSE   OF  'J^IE  IMiOuOiS',  .  /j^I' 

(torn  actaal  obsexrations  at  the  diffefettt  places  in  the  manner  mentioned  at  the  end  -oC 
the  rule  given  in  Problem  VII. 

EXAMPLE. 

Suppose  in  a  place  in  the  latitude  of  20^  (V  N.  longitude  by  estimation  Ih.  9^  0^'  ea^t 
from  Greenwich,  the  emersion  of  the  star  Spica  was  observed  on  December  13, 1008,  aft 
I8h.  l(/  29'',  apparent  time  by  astronomical  computation.  Required  the  longitude  ot 
the  place  of  observation  ? 

The  elements  must  be  calculated  as  in  the  example  of  Problem  VII.  for  the  emenipa 
pf  Spica.   The  rest  of  the  calculation,  made  by  common  logarithms,  is  as  follows.  • 

]^  ^Scml-dliiinHer    16' 90".8=980  ".8 

Ifiir.  Bpp.  XaU^i^  6  54  ^    414  ^  -  I 

Sum  1405  A    log.  3.14766 

t  Difference  616  .6    log.  2.76087 

Sum  A.90855     HsUlIP  2^4^27 

*  lat  2«  2*  13".    <ec  JOjO0CI»7 


.  ,       Ar£U                      lo'  0".6              ^  «»".«                U>S'           ^4JMc-t 
^  loDgituUe            201  10  tiO  .7 

%  app.  long;              201  25  3i  ^ 
p  par.  long.  33  64 

>  troe  long.            200  51  37  ^  Constant    3.5^690 

DlflT.  true  long.  ]>^         18  53.4=1133.4  log.             3.05438 

])  horuy  motioa              35  54  .7  =  2151.7  co.  log.        6.66661 

Time                   31  34      =1894  lor.        /TStS 
Tlmeofobl.  18  10  29                            ^       b        ^    •*    ^ 


C^iU*  at  place  oIm.       18  42    3       by  olis-. 
CoDj.  at  Greenwich     17  33    0       by  N.  A. 

DUferenee  iDerid.         19   3 

The  difference  of  meridians  by  calculation  Ih.  9'  3''  differs  but  y  from  tlie  assumed 
longitude,  so  that  it  will  not  be  necessary  to  repeat  the  operation.  All  the  remarks 
made  at  the  end  of  the  example  in  Problem  VII.  are  appUcabIc  to  this  problem.  It  may 
also  be  ftirther  observed,  that  the  emersion  or  immersion  which  happens  on  the  dark 
limb  of  the  moon  can  be  observed  with  much  more  accuracy  than  on  the  enliehtened 
limb ;  because  the  light  from  this  limb  prevents  the  observer  from  perceiving  the  starV 
immersion  or  emersion  so  instantaneously  as  on  the  dark  side  of  the  moon 

PROBLEM   X. 
To  calculate  an  eclipse  ofXhe  mom. 

The  time  of  beginning  or  end  of  a  lunar  eclipse  at  any  place  may  be  found  by  su&» 
tmctmg  or  addmg  the  tongitude  to  the  times  given  in  the  NauUcal  Almana«ffor  the 
mendian  of  Greenwich,  accordmg  as  the  longitude  is  west  or  eart.  But  as  some  readers 
may  wish  to  know  the  method  of  deducing  these  times  from  the  longitudes,  latitudesL 
&c.  of  the  moon  and  sun,  given  by  the  Nautical  Ahnanac  or  by  other  tables  it  wS 
thought  proper  to  insert  the  rule  for  these  calculations.  ' 

An  eclipse  of  the  moon  can  only  happen  at  the  time  of  the  full  moon.  If  her  lonri^ 
tude  at  that  time  is  not  cistant  from  either  node*  of  the  moon's  orbit  more  than  about 
1^,  there  may  be  an  ecUpse.  To  find  whether  there  wUl  be  one,  and  to  calouhite  the 
times  and  phases,  proceed  as  follows. 

RULE. 

Find  the  time  of  full  moon  at  Grcenwidi  by  the  Nautical  Almanac  or  Problem  III.  to 
which  add  the  longitude  of  the  place  turned  into  time  if  east,  but  suhtraet  if  iotsL  the 
sum  or  difference  will  be  the  time  of  the  ecliptic  opposition  at  the  proposed  place. 

For  the  time  at  Greenwich  find  by  Problem  I.  the  moon's  latitude,  horizontal  parallax 
tod  semi-diameter  (which  requires  no  augmentation)  also  the  sun's  semi-diameter. 
Then  by  Problem  II.  the  horary  motion  of  the  moon  from  the  sun  in  longitode,  and  Ihe 
moon's  horary  motion  in  latitude. 

praw  the  line  ACB  (Plate  XII.  fig.  6)  and*  perpendicularly^  thereto  the  line  PCR. 
Select  a  scale  of  equal  parts  to  measure  the  lines  of  projection,  and  from  it  take  CG 
equal  to*  the  moon's  latitude,  and  set  it  on  CR  from  C  fb  G,  abwe  the  line  AB  if 
the  latitude  of  the  moon  is  north,  below  if  south,  f  Take  CO  equal  to  the  horary  mo- 
tion  of  the  moon  from  the  sun  in  longitude,  and  set  it  on  the  line  CB  to  the  right  of 

*  The  longitude  of  the  moon'i  ascending  node  U  given  In  the  third  page  of  the  N«itical  AlnaiiAC. 
Tlie  tongitode  of  the  other  node  is  fuund  by  adding  or  subtracUng  6  slgofc 

f-  L tt*  »Jrth«™.»aliludes  found  l^y  Proh.!.  have  the  sign  -,  the  soutbem  -^   In  theflgaKlhe  kticacRr 
«  M«Ui.   If  It  had  teen  north  the  point  G  must  hare  been  pUced  on  die  contioAatlon  oriTC  alipTe  C» 

4. 


s^iZ 


TQ   CALQVLA'VEt  Afii   £CJLIFS£  OF   TOS   U^O^. 


C;  from.  C  to  0.  Take  CP  equal  to  the  moon^s  horary  motion  in  latitude,  aa  foimd  ivitli 
its  sign  by  Problem  IL  and  set  it  on  the  line  CR  from  C  to  P,  above  the  line  AB  if  its 
sign  is  — J  bdow*  if  -h*  ^*^^  ^^  which  is  equal  to  the  horary  motion  of  the  moon  firom 
the  sun,  and  parallel  thereto  through  G  draw  the  relative  orbit  of  the  moon  from  the  sun 
NGL,  on  which  are  to  be  marked  ihe  places  of  the  moon  before  and  after  the  Cull,  bj 
means  of  the  horary  motion  OP,  so  that  the  moment  of  full  mooo,  or  ecliptic  oppoaitian 
at  the  proposefi  place ,  may  fall  exactly  on  the  point  U.  This  may  be  done  by  making 
the  extent  OP  equal  to  the  transverse  distance  of  60,  60,  on  the  line  of  lines  of  the 
sector,  then  measuring  from  the  same  lines  the  transTerse  distance  corresponding  to  the 
minutes  and  parts  of  a  minute  in  the  time  of  full  moon  at  the  place  of  observation,  and 
vetting  it  on  the'  line  GN  from  G  towards  the  right  to  the  point  x,  where  the  whole  hour 
preceding  the  fUU  moon  is  to  be  marked. f  Then  the  distance  OP  set  from  x  to  fbe 
right  hand  on  the  line  LGN  reaches  to  the  hours  preceding  the  full  moon,  and  set  to  the 
left  hand  reaches  successively  to  the  following  hours.  These  intervals  are  to  be  divided 
into  sixty  equal  parts  representing  minutes,  if  the  size  of  the  scale  will  admit  of  it 

Add  50''  to  the  moon's  horizontal  parallax^  and  from  the  sum  subtract  the  son's  semL- 
diameter,  the  remainder  will  be  the  semi-diameter  of  the  shadow  CB,  with  which  des- 
cribe the  circle  ASB  about  the  centre  C.  Add  the  moon's  semi-diameter  to  the  radius 
GB,  and  with  that  radius  describe,  about  the  centre  C,  the  circle  DRM,  which  tf  there 
be  an  eclipse  will  cut  NL  in  the  points  £,  ii,  representing  respectively  the  places  of  the 
moon  at  the  beginning  and  end  of  it.  If  there  is  no  intersection  there  will  be  no  eclipse. 
Draw  the  line  CKST  perpiy^dicular  to  LN,  cutting  it  in  K  and  meeting  Ihe  circles  ASS, 
BRH  in  S,  and  T.  With  a  radius  equal  to  the  moon's  semi-diameter  describe  about  the 
centres  £,  H,  K,  the  small  circles  represented  in  the  figure ;  of  which  that  drawn  round 
K  cuts  the  line  CKS  in  the  points  I,  F,  and  if  the  eclipse  is  total  the  whole  of  this  cinle 
will  fall  within  ASB,  as  in  fig.  6,  but  if  part  of  the  circle  falls  without  ASB,  as  in  fig.  7, 
P.  XII.  the  eclipse  will  be  partial.  In  cither  case  the  number  of  digits  eclipsed  may  he 
obtained  by  saying  as  the  diameter  of  the  moon  FI  is  to  the  obscured  part  FS  so  are  13 
digits  to  the  number  of  digits  eclipsed.  When  the  eclipse  ia.  total,  the  beginning  and 
cjid  of  total  darkness  may  be  found  by  taking  a  radius  equal  to  CB  decreased  by  the 
moon's  semi-diameter,  and  sweeping  with  it  round  the  centre  C,  a  circle  d  e  km^  catting 
I.N  in  the  points  e,  A,  representing  respectively  the  points  of  beginning  and  end  of  total 
darkness.  Then  the  hours  and  minutes  marked  in  the  line  NL,  at  tihe  points  E,  e,  K, 
A,  H,  will  represent  respectively  the  times  of  the  beginning  of  the  eclipse,  beginning  of 
total  darkness,  middle  of  the  eclipse,  end  of  total  darkness,  and  end  of  the  eclipse.  In 
this  rule  no  allowance  is  made  for  the  oblate  figure  of  the  earth,  the  correction  uom  this 
source  being  much  leas  than  the  errors  of  observation. 

EXAMPLE. 
Required  the  times  of  beginning,  end,  &c.  of  the  eclipse  of  the  moon  of  May  Stii*, 
180S,  at  a  place  in  the  longitude  of  ^  W.  from  Greenwich  ? 
By  the  Nautical  Almanac  the  time  of  full 


Klemftnts  of  the  Ketipse  Jay  a.  19h.  ^ 
App.  timr  coin.  Givenwich,  May  W 


CG 
BD 


Long,  place  9(JoW 

App.  ume  coi\}.  at  place  obs. 

"  *s  iac.  by  Prob.  I.  S.  decreasisg 

*8  Horiz.  Pant. 
,  's  Semi-diameter 
^'s  Semi-diameter 

's  ilor.  Mot.  in  long;.  Prob.  IL 
^'s  UoT.  Mot.  in  lonp 
*s  Hot  Mot  from  ®  in  long'. 
's  Hor.  Mot  in  lat.  Frob.  II. . 
i'sHor.  Par^-50 '.-©»»  S.D.  =  CB 

^-   -  "'  ^  CP 

Crf 


2     O 

IT   38 

+ 


CO 
CP 


10  44"  .F 
61  IS  .^ 
16  40.7 
15  51  ^ 
S7S7.S 
2J4.« 
35  13  jO 

4S  12  J 
63  52  .9 
39  31  .5 


moon  af  Greemvich  was  May  9th,  at  I9h. 
39^.  From  this  subtracting  the  longitude 
4>f  the  place  of  observation  30"-'  W.  or  2h. 
the  remainder  l7h.  39^  was  the  time  of  full 
moon  at  the  place  of  observation.  Corres- 
ponding to  the  tiine  at  Greenwich,  I9h.  39^, 
the  elements  in  the  ac^oined  table  were  cal- 
4:ulated  by  Prob.  I.  and  II.  and  the  values 
CB,  CD,  Cd,  found  by  the  above  rule.  Upon 
the  centre  C  with  the  radii  CB,  CD^  Cdy 

taken  from  a  scale  of  equal  parts,  describe 

the, circles  ASB,  MRD,  mrd.      Draw  the  line  ACB  representing  the  ccl^tk,  and 


*  In  otiwr  words  the  point  P  will^  fall  above  C  if  the  moonjt  approaching  to  the  nortli  pole  of  tbe 


ecliptic,  otbervriM  below :  That  is,  the  point  P  must  fall  abaoe  C  if  tbe  moon's  laiHad«>  is 

<or  north  increanngy  otherwise  below.    When  no  great  accuracy  Is  reqaired  the  horary  moCkm  ia 

need  not  be  found  by  Prob.  II.   Instead  of  which  the  angle  GOP  may  be  ulien  equal  tc  5»  40^1  in  ecUpaes 

of  the  moon  or  sun,  and  the  line  OP  equal  to  CO  increased  by  9"  or  10":  but  tbb  method  will  not  answer 

lU  oceultations,  in  which  the  angle  COP  varies  above  4  degrees. 

f  The  distance  Ox  may  also  b^ound  by  common  arithmetic  by  saving  as  €0  minuietf  are  <o  tlte  „ 
and  seconds  In  the  time  of  full  moon  (which  In  the  present  example  is  3d  )  so  is  OP  lo  Gs.    AAer 
in;  the  hours  on  the  line  LGN  it  is  usual  lo  divitte  them  successively  into  halves  and  qoaiters  cf  mm 
hour,  then  into  five  minutes  and  one  minute. 

t  The  semi-diamelcr  of  the  shadow  is  increased  by  the  earth's  atmosphere  front  20"  to  60".  aeeordioc 
10  the  estimates  of  diOerentjutronomers.  Mayer  supposes  this  correction  to  be  ooe  GOtfaSpuf  at  th« 
Jhadow,  wrylng  from  37"  to  4B".  The  mean  of  Mnver's  cerrecilon  mJdCTl  to  the  sob's  pwallat  b  iK*riy 
«nJBl  to  50"  asRimed  as  a»)ove« 
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inake  C6  perpendicular  thereto  equal  to  the  moon*8  latitude  10'  A4r  .8  S.  the  point  G 
being  taken  below  C  because  that  latitude  is  south.  Make  CO  equal  to  the  horar5' 
motion  of  the  moon  from  the  sun  in  longitude  35'  13".0,  and  CP  perpendicular  thereto 
equal  to  the  horary  motion  in  latitude — 3'  28". 2,  the  point  P  being  placed  above  C,  be-^ 
cause  the  moon's  horary  motion  in  latitude  has  the  sign  —  prefixed,  or  in  other  words, 
the  latitude  was  south  decreasing.  Join  OP,  and  parallel  -thereto  draw  through  G  the 
line  NGL,  and  on  it  let  fall  the  perpendicular  CK.  Make  the  distance  OP  a  transverse 
distance  of  60,  60,  on  the  line  of  lines  of  the  sector,  and  measure  from  the  «ame  lines 
the  transverse  distance  39,39  (corresponding  to  the  minutes  in  the  time  of  full  moon  at 
the  place  of  observation)  this  distance,  set  on  the  line  GN,  to  the  right  of  G,  reaches 
to  the  point  x,  where  the  hour  I7h.  preceding  the  full  moon  is  to  be  marked.  Take  the 
extent  OP  and  lay  it  from  I7h.  to  the  right  hand  to  l6h.  and  successively  to  the  left  to 
18h.  I9h.  &c.  Subdivide  these  lines  into  60  equal  parts,  representing  minutes,  if  the 
scale  will  permit,  and  the  times  corresponding  to  the  points  £,  e,  K,  h,  H,  will  repre- 
sent respectively  the  beginning  of  the  eclipse  Idh.  d6m.  the  beginning  of  total  darkness 
l6h.  54m.  the  middle  of  the  eclipse  17h.  41m.  the. end  of  total  darkness  l8h.  88m.  and 
the  end  of  the  eclipse  i9h.  26m.  which  times  agree  nearly  with  those  in  the  Nautical 
Almanac,  allowing  for  the  difference  of  meridians  2  hours. 

CaicuUUion  by  hogtaiihuts. 

The  phases  of  the  eclipse  may  also  be  calculated  by  logarithms  in  a  very  simple 
manner.  Thus  suppose  it  was  required  to  find  the  time  of  the  beginning  of  the  eclipse 
in  the  above  example.  In  this  case  in  the  right-angled  triangle  OCP,  there  wodld  be 
given  00=21 13".0  and  CP=208".2,  to  find  OP==2123".2  and  the  angle  0PC=84O22'. 
This  angle  is  equal  to  RGB,  because  GE,  OP  are  parallel,  and  its  supplement  gives  the 
angle  CG£=95<^  38^.  Then  in  the  triangle  GGE  there  are  given  the  angle  CGE=9d<=> 
38^the  moon's  latitude  CG=644".8,  and  the  line  CE  (=CD)  =377»".9  to  find  CEG= 
90  48'.GCE=740  34'and  GE=3654".5.  Then  say  as  OP  (2123".2)  is  to  1  hour 
(3600^'.)  so  is  GE  (3654^.5)  to  the  time  (6l96"=>)  Ih.  43'  16"  between  the  beginning 
of  the  eclipse  and  the  full  moon  at  the  place  of  observation  17h.  39^,  and  as  the  point 
£  falls  to  the  right  hand  of  G,  that  time  lAust  be  subtracted  from  l7h.  39',  to  obtain 
the  time  of  the  beginning  of  the  eclipse  15h.  55'  44",  which  agrees  nearly  with  the  prd-» 
jectton.  As  these  calculations  are  very  simple,  it  will  he  iwnecessary  to  take  notice  ef 
the  different  cases,  or  to  give  the  oalculations  at  full  length,  the  whole  being  sufficiently 
evident  from  the  figure.  The  micmle  of  the  eclipse  is  found  by  means  of  the  triangle 
GKC  similar  to  OCP,  in  which  the  angles  and  hypotenuse  CG  are  given  to  find  CK,  KG« 
The  time  of  deseribing  KG  being  added  to,  or  subtracted  from  the  time  of  (hll  moon  at 
the  place  of  observation,  according  as  the  point  K  falls  to  the  left  or  right  of  G,  will 
give  the  time  of  the  middle  of  the  eclipse.  The  distance  CK  lO'  41^.7  subtracted  from 
the  radhis  CD  or  CT=-62'  52".9  will  leave  a  remainder  equal  to  the  eclipsed  part  FS 
(=KT)  52'  11".2.  And  the  moon's  diameter  33'  21".4  is  to  FS  52'  11".2  as  12  digitus 
to  the  digits  eclipsed  18|.  In  making  these  calculations,  common  or  proportional  loga;- 
rjtfams  may  be  made  use  of. 

PROBLEM  XL 
'  7*0  jmyect  an  eclipse  of  the  sun  for  any  given  place. 

An  eclipse  of  the  sun  can  happen  only  at  the  time  of  new  moon.  If  the  moon's 
longitude  at  that  time  is  not  distant  from  either  node  of  the  moon's'^  orbit  more  thon 
17^*^  there  may  be  an  eclipse.  To  find  whether  there  will  be  one,  and  to  calculate  th^ 
times  and  phases,  proceed  by  the  following. 

RULE. 

To  the  time  of  the  new  moon  given  in  the  Nautical  Almanac  (or  calculated  by 
Problem  III.)  add  the  longitude  of  the  proposed  place,  turned  into  time,  if  east,  biit 
subtract  if  west;  the  sum  or  difference  will  be  the  time  of  coi\janction  at  the  pyopdeecl 
place.  Corresponding  to  the  time  of  new  moon  at  Greenwich,  find  by  Problem  I.  the 
moon's  latitude,  horizontal  parallax,  and  semi-diameter,  also  the  sun's  longitude,  semi- 
diameter  and  declination.  Then  by  Problem  II.  find  the  horary  motion  of  the  mooti 
in  latitude,  and  the  horary  motion  of  the  moon  from  the  sun  in  longitude. 

Draw  the  line  ACB  (Plate  XII.  fig.  10.)  representing  the  ecliptic  and  perpendicular- 
ly thereto,  the  line  PCR.  Take  a  scale  of  equal  parts  to  measure  the  lines  of  the 
projection  ;  measure  from  it  an  interval  equal  to  the  moon's  latitude,  and  apply  it  en 
CRfrom  C  to  G,  above  the  lin\s  ACB  if  the  moon's  latitude  is  north,  below,  it  south,^ 
Take  CO  equal  to  the  horary  motion  of  the  moon  from  the  sun  in  longitude  and  cet 
it  on  the  line  .CB  to  the  right  hand  of  C  to  O  ;  take  CP  equal  to  the  moon'tf  horaiy 

*  See  note  with  Uiis  mark  in  ptkge  591.  All  tb<;  eclipses  that  can  bappen  lb  any  part  of  the  earth  ara 
Indicated  in  the  Nautical  Almanac. 

.  t  In  the  iiiBrnre  the  laUtude  is  supposefl  north.   If  it  had  \ieen  as  much  souUi,  (he.pcAirt  B  wmld  have 
b^ittiB  much  below  C  as  it  is  Ww  aboVd  it. 
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motion  in  latitude,  found  by  Prob.  IL  and  set  it  on  the  line  CR,  from  C  to  P,  tibote  * 
the  line  ACB  if  the  s^  is  — ,  below  if  -}-.  Join  OP  which  represents  the  horary  mo« 
tion  of  the  moon  from  the  sun  on  the  relative  orbit,  and  parallel  to  that  line  draw  the 
relatire  oririt  of  the  moon.NGL,  on  which  are  to  be  marked  the  places  of  the  moon  be- 
fore and  after  the  conjunction,  by  means  of  the  horary  motion  OP,  so  .that  the  moment 
of  the  new  moon,  or  ecliptic  conjunction,  at  the  proposed  place  may  fall  exactly  on  the 
point  G,  as  in  the  figure  where  the  new  moon  is  at  23h.  35jm.  Hua  may  be  done  by 
taldng  the  extent  OP  equal  to  the  transTcrse  distance  of  60,  60,  on  the  line  of  Unes  of 
the  sector,  then  measuring  from  the  same  Uiles,  the  transverse  distance  corre8|ft>ndii^ 
to  the  minutes  and  parts  of  a  minute  of  the  time  of  new  moon  at  the  ^ace  of  ohserra- 
(ion  and  setting  it  on  the  line  GN  from  G  towards  the  right  hand  -to  the  point  x^  f  the 
place  of  the  moon  at  the  first  whole  hour  preceding ^e  coiyunetion  (which  in  the  pre- 
set figure  is  23h.)  Then  the  distance  OP  being  taken  in  the  compasses  and  set  from 
«ta  the  right  hand,  gives  successively  the  hours  preceding  the  new  moon,  and  the  same 
ctistance  set  to  the  Idt  gives  the  following  hours,  as  in  the  figure,  where  tiiey  are  marked 
in  succession  22h.  23h.  24h.  Ih.  These  hours  are  to  be  divided  into  60  eqoal  paits  re- 
presenting minutes,  the  scale  being  taken  sufficiently  large  for  that  purpose,  t  In  the 
present  figure  the  subdivisions  are  carried  only  to  five  minutes. 

From  the  moon's  horizontal  parallax,  subtract  the  sun*s  8".8,  the  remainder  is  to  be 
taken  from  the  scale  of  equal  parts  for  the  radius  CB,  with  which,  on  the  centre  C, 
describe  the  circle  BRA,  cutting  CB  in  R.  Open  the  sector  till  the  transverse  dis- 
tance of  60^,  60^,  on  the  line  of  chords,  is  equal  to  the  radius  CB,  and  measure  from 
the  aame  lines  the  transverse  distance  .23^^  28'  (equal  to  the  obliquity  of  the  edqilic) 
which  set  on  the  circle  ARB  on  each  side  of  R  to  T  and  U.  Join  TU  cutttQg  GR  in 
Q.  On  Q  as  a  centre,  with  the  radius  QT,  describe  the  circle  TVU,  on  whiefa  set  olTtbe 
arch  TV  equal  the  sun's  longitude.  Through  V  draw  the  line  VP'  parallel  to  CR  to 
(*ut  TU  in  F,  the  place  of  the  pole  of  the  earth.  §  Draw  CP'  and  continue  it  on  cither 
aide  so  as  to  cut  the  circle  ARB  in  the  point  W,  situated  above  AB  if  the  latifaide  of 
the  proposed  place  is  north,  bdow,  if  souifL  In  the  present  figure  the  latitade  ia  north. 
If  it  httd  been  south  the  bwer  part  ofi  the  circle  ARB  ought  to  hare  been  made  use 
ef.  Open  the  sector  so  as  to  make  the  transverse  distance  6(F,  60^,  on  the  clKirda, 
equal  to  CB,  and  measure  off  the  transverse  distance  equal  to  the  chord  of  the  com- 
plement of  the  latitude  of  the  .place,  which  set  from  W  on  each  side  to  D  and  4L 
With  the  same  opening  of  the  sector  measure  the  chord  of  the  son's  declination,  and 
set  it  on  the  same  circle  from  D  on  each  side  to  E  and  F,  and  firom  d  on  eadi  side  f  o  e 
and/.  Praw  the  dotted  lines  F/,  Dd,  Ee,  cutting  CW  in  I,  9,  h.  Biseet  in  m  V,, 
4&nd  erect  the  line  VI.  r,  XVIII.  perpendicular  to  CW,  and  taake  r,  VI.  and 
r,  XVIII,  each  equal  to  qD.  Open  the  sector  to  make  the  transverw  distinee 
90<^,  90^,, on  the  sines,  equal  to  orD,  and  measure  off  the  transverse  distaooe  eorres- 
ponding  to  15^,  30^,  45^,  60^,  75^  (or  1,  3, 3,  4,  5  jiours,)  which  set  on  each  side  of 
the  point  r,  on  r,  VI.  and  r,  XVIII.  to  the  points  marked  vrith  those  numbers  15^, 
30°,  &c.  Through  these  points  draw  the  lines  I.  XI ;  U.  X ;  III.  IX  ;  fitc.  asm  tlie 
figure  parallel  to  CW.  Open  the  sector  so  as  to  make  m  equal  to  the  transvene  dis- 
tance of  90°,  90°,  on  the  sines,  and  measure  the  complements  of  the  former  degrees* 

*  See  note  with  this  nark  is  page  592. 
t  See  note  with  this  mark  in  |jage  592. 

*  The  scale  I  generally  make  use  of  is  one  Inch  to  10  minutes,  redacinf;  the  sccondc  to  decramh  of  a 
rolttute.  Thas  50*  06"  in  de^mals  b  fiO'.e,  which  by  this  scale  would  be  5j06  IscIms,  obtained  iy  liaciqr 
the  fieclmal  poiat  one  figure  to  the  lett  > 

§  This  may  also  he  found  as  follows.  After  drawing  TQD,  as  above,  open  the  aector  till  the  tnmtrasm 
distance  9(P,W^  on  the  sines  is  equal  to  QT,  then  measure  from  that  line  thfe  extent  QP'  as  a  traasvnve 
distance  corresponding  to  the  sine  of  the  difference  between  the  son's  kmgitode  and  90^or  SIO^.  Wlwa 
the  sun's  longitude  exceeds  6  signs,  the  point  V  will  fall  in  the  semi-circfebeb^  TU.  This  b  Ml  dnwa 
in  the  6gnre  for  want  of  room.  When  the  longitude  exceeds  2,  4,6,  &c  sagns,  it  will  be  coovenieal  to 
mark  on  the  circle  TYU  the  points  corresponding  to  (hose  signs,  by  setting  of  the  radhis  QT  as  a  ^orf 
froBi  T  to  IT,  from  II  to  Q.&c.  and  then  taking  from  tlie  sector  the  chord  correspoodlo^  to  the  execs  of 
the  given  longUude  above  that  of  Uie  point  II,  Q,  &c  immediately  pKcedfaig.  Thus  if  the  ami's  loacl. 
tude  was  84o  44'  it  would  be  convenient  to  set  off  60°  from  T  to  n,  and  24«  44'  from  11. 10  the  •aught  polM  V. 

In  case  of  not  having  a  sector,  an  arch  as  RT  mav  he  marked  off  by  a  plane  scale  even  when  the  fadi- 
ng CR  differs  from  tliat  of  the  scale,  by  drawing  hr  Prob.  VL  of  Oeometrical  Problems,  the  line  CT 
milking  an  angle  with  GK  equal  to  the  proposed  arch  23«>  28'.  The  intersection  of  that  line  wlili  Ae 
drde  ARB  will  give  the  sought  point  T.  In  a  similar  manner  the  point  V  may  be  found  try  dnmbutm 
line  QV  making  tlie  angle  TQV  equal  to  (he  proposed  arch  TV.  The  points  15o.  90°,  45o,&c  on  tbe  lliie 
Vr.  r  XVIII.  miy  be  found  by  describing  on  thai  line  as  a  diameter^  and  on  r  as  a  c<*ntre>  femtchrde 
<which  Is  to  be  divhlpd  into  12  eqoal  parts  of  15^  each.  The  dotted  lines  drawn  through  these  painls  pet- 
pmidicular  to  the  diameter  VLr  XVIII.  will  cut  it  in  the  sought  poinu  l5°,SCP,lu^  Thb  dtvle  b  ust 
drawn  In  the  proposed  figure,  to  pCevenl  confusion.  Draw  the  line  VI.  k  perpendicular  to  r  VL  and  eqasJ 
to  m.  Join  rk  cotUng  the  lines  7fio  V  :  60°  IV.  kc.  in  the  points  t,  2, 3, 4,  &  Malce  the  Unes  15«»  I.- 
ao«,  II :  45°,  III.  &&  respectively  equal  to  7o»,  1":  60o,  2 :  4So,  3  :  tc.  and  the  sought  points  I.  IL  111.  *r. 
will  be  obtained.  Thb  method  may  lie  lued  when  the  line  rnb  too  small  to  be  taken  (rora  the  arcaar. 
The  same  method  may  be  made  use  of  in  projecting  an  oceultation  by  drawing  tk  (Fig.  8.  f.  JIL)  ner- 
1^2^*'!*^'  ***  **  ""1  ^*rM^  ^  "»  ^^^  Joinuig  rk  to  cut  the  dotted  lines  drawn  parallel  tP  CP  la  tlv  p&m* 
'j  2,>Q,  tc  as  kbove. 
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9A  tnuasverse  distances  on  te  sines,  viz.  75^,  60^,  45"^,  30^,  15^,  and  set  them  on  the 
above  lines  I.  XI ;  II.  X ;  &c.  from  the  points  of  interaectioa  with  the  line  VI.  r,  XVI1I-. 
above  and  below  tiiatline.  The  points  I.  II.  HI.  &c.  obtained  in  this  Inaaner,  will  re* 
Resent  the  situation  of  the  spectator  at  the  proposed  place  at^thoise  hours,  and  a  regular 
curve  drawn  through  these  points  will  represeut  his  pkth.  In  markiii<r  the  hours  it  must 
be  observed,  that  the  place  of  noon  will  be  at  the  lower  pcint  n,  if  ihc  son's  declination  i(^ 
north;  but  at  the  apper  point  /,  if  the  declination  is  south;  the  hours  must  be  marked 
IVora  noon  towards  the  left  in  numerical  succession  completely  round  the  curve  endin|; 
at  S4h.  aoeoiiding  to  the  method  of  astronomers.  In  the  present  figure  the  declination 
ia  nortkf  aad  the  point  n  the  place  of  noon  or  0  hours.  If  it  had  been  south  the  point  I 
would  have  been  marked  Oh.  and  the  points  marked  XI.  X.  &c.  would  be  L  11.  kc.  re- 
spectively. The  path  touches  the  circle  ARB  in  two  points  representine  the  points  of 
eun  rising  and  setting,  which  in  the  present  figure  are  respectively  I6h.  2&  and  7h.  34'. 
These  points  divide  Uie  path  into  two  ports,  of  which  one  represents  the  path  by  day, 
the  other  by  night,  as  is  evident  from  the  hours  marked  on  the  curve.  Half  hours  or 
any  other  intermediate  time,  may  be  marked  in  a  similar  manner.  Thus,  for  the  time 
3b.  30'=52^  aC.  Set  the  sine  of  52'-i  to  the  radius  r,  VI.  from  r  to  ^  en  the  line  r»  YI. 
and  erect  the  perpendicular  At  equal  to  the  sine  ol  57^i  (wiiicb  is  the  complement  of 
32^^)  to  the  radius  m,  and  the  point  t  will  be  the  place  of  the  spectator  at  the  proponed 
time*  In  this  way  the  halves  and  quarters  of  hours  may  be  marked  on  those  parts  .of 
the  path  where  necessary.  The  smaller  subdivisions  may  generally  be  obtained  to  a 
sufficient  degree  of  accuracy  by  dividing  the  quarters  of  hours  into  equal  parts. 

Take  from  the  scale  of  equal  parts  aa  extent  equal  to  the  sum  of  the  semi-diamcliKrs 
of  the  sun  and  moon,  and  beginning  near  N,  And  by  trials  the  point  p  of  the  moon's 
path  and  the  point  Z'  of  the  path  of  the  spectator,  marked  with  the  same  time  and  at 
Ihat  distance  apart.  TMt  time  will  be  the  b^inning  of  the  eclipse.  If  no  such  points 
can  be  found,. there  will  be  no  eclipse  at  the  proposed  place*  Proceed  in  the  'same  way 
towards  the  point  L  and  find  the  points  p'\  Z'%  at  the  same  distance  apart,  the  cotrea^ 
ponding  time  will  be  the  end  of  the  eclipse.  Find  by  trials  the  point  p  of  the  moon's 
path  and  the  point  Z  of  the  path  of  the  spectator  mari^ed  with  the  same  times  at  the 
nearest  distance  from  each  other  (which  wiU  in  general  be  nearly  the  middle  time  bse» 
tween  the  beginning  and  end  of  the  eclipse)  that  time  will  be  the  middle  of  the  eclipse. 
On  Z  as  centre  with  a  radius  equal  to  the  sun's  semi-diameter,  describe  the  circle  whose 
'diameter  is  Ss,  representing  the  sun's  disc,  luid  on  the  centre  ^,  with  a  radius  equal  to 
the  moon's  semi-diameter,  describe  the  circle  whose  diameter  is  Mm,  representing  (he 
noon's  dise.  The  part  of  the  sun's  disc  that  is  cut  off  by  this  circle  vrill  represent  fh'e 
part  of  the  sun  that  is  eclipsed.  In  the  example  of  fig.  10  the  centre  p  of  the  moonli 
disc  is  so  near  that  of  the  son  21,  that  the*  eclipse  is  nearly  central,  and  as  the  moon's 
semi-diameter  b  greater  than  the  sun's,  the  eclipse  must  be  totoL  Under  similar  circum-> 
stances  if  the  moon's  semi-diameter  had  been  least,  the  ectipse  could  have  becm  anmUiu\ 
In  ease  of  a  partial  eclipse  the  sun's  disc  uriU  not  be  wholly  covered  by  the  moon,  as 
in  fig.  11)  Plate  XII.  where  the  circles  representing  the  discs  of  the  sun  and  moon  are 
•marked  with  the  same  lettera  as  In  fig.  10,  but  the  objects  are  placed  in  a  different 
situation.  In  this  case  the  number  of  digits  eclipsed  may  be  obt^ncd  by  drawing  a  Hue 
through  the  centres  Pf  Z,  to  meet  the  discs  in  the  points  8,  M,  j,  m,  and  by  saying 
as  the  distance  Ss  (representing  the  whole  disc)  is  to  the  obscured  point  Ms  so  are  12 
digits  to  the  number  of  digits  eclipsed.  The  beginning  and  end  of  total  darkness  in  a 
total  eclipse  are  found  like  the  beginning  and  end  oC  the  eclipse,  except  in  taking  in  th'e 
compasses  the  difierence  between  the  semi-diameters  of  the  sun  and  moon,  instead  of 
•their  sum.  For  the  points  of  the  path  of  the  spectator  and  of  *  the  moon's  orbit,  mar^d 
with  Uie  same  time,  and  at  that  distance  from  each  other,  will  represent  the  sitnationa 
and  times  of  the  beginning  and  end  of  total  darkness.  The  bcg^ning  and  end  of  the 
internal  contacts  of  an  annular  eclipse  are  found  in  the  same  manner,  the  only  differ- 
ence is  that  in  a  total  eclipse,  the  moon^s  semi-diameter  is  greatest,  but  in  an  annular 
epUpse  the  least. 

In  observing  the  beginning  of  a  solar  eclipse,  it  is  of  some  importance  for  the  ac- 
curacy of  the  observation,  to  know  on  what  part  of  the  sun's  limb  (he  eclipse  will 
begin.  This  is  easily  found  by  means  of  the  projection.  TBus  at  the  beginning  of 
the  eelmee,  which  corresponds  to  the  point  p'  of  the  moon's  path  and  the  point  Z'  of 
the  path  of  the  spectator,  the  first  point  of  contact  g  may  be  obtained  by  drawthg 
about  the  centre  p'  with  a  ndius  equal  to  the  moon's  semi-diameter,  a  circle  repre- 
senting the  moon's  disc*' ;  about  7J  as  a  centre  with  a  radius  equal  to  the  mn^s  semi- 
diameter  another  circle  repres^itiiig  the  sun's  disc,  touching  the  former  in  the  point  g. 

*  Tnstead  of  tbiSTlrcIe,  the  line  p'  Z'  may  b«  dmwo  catting  tbe  son's  diac  In  the  sov^Mt  point  of  con- 
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OF&  as  M. 

Draw  the  line  GZ'  meetiop^  the  san's  jdiM  in  the  poiiits  a,  c,  the  point  e  being  tlie 
most  distant  from  the  centre  C.  Then  the  circle  gae  being  held  between  the  eye  of 
the  observer  and  the  sun,  the  engraved  or  marked  side  of  the  figure  towardji  the  cjCf 
and  the  line  e  a  in  a  vertical  direction  with  the  point  c  uppermost,  will  lepreseot  the 
appearance  of  the  sun  as  viewed  bj  the  naked  eye  at  that  time,  c  will  rq^reaeBt  the 
upper  part  of  the  sun',  a  the  lower,  and  g  the  point  of  contact  If  tiie  ed^ae  be  ob- 
Bcrred  with  an  inverting  telescope,  the  contrary  will  be  observed ;  that  is,  the  Mit  a 
mast  be  uppermost,  c  the  lowest,  and  g  the  point  of  contact  will  appear  to  the  left  hand 
of  c(u  Jn  a  similar  manner  the  appearance  of  the  objects  may  be  obtained  at  any  o4faer 
ptet  of ihe  eclipse,  but  it  is  not  nece&iary  except  at  the  brynning  of  it»  wliefe  tiwra  ii 
'nothine  to  direct  the  eye  of  the  observer. 

EXAMPLE. 

Requiied  the  times  and  phases  of  the  total  eclipse  of  the  sno,  lone  1^  1806,  at 
Salem,  in  the  latitude  of  42"^  33'  30''  N^  and  the  longitude  of  'til.  43iii.  3Sb.  west  fitm 
Greenwich  ?  % 

By  the  Nautical  Almanac  the  time 
of  new  moon  at  Greenwich  was  Jime 
I6d.  4h.  19^,  corresponding  to  June  15, 
23h.  33'  28^',. at  Salem.  At  the  time 
at  Greenwich,  4h.  ,19'  the  elements 
of  the  eclipse  wero  as  in  the  a^oin- 
ed  table  coloulated  1^  iha  above 
rule. 

Draw  ACB  (Plate  XIL  fig.  10,)  and 
perpendicular  thereto  the  Une  CGR. 
Make  CG  equal  to  the  moon^s  lati- 
tude 19'*37"  N.  taken  from  a  scale 
of  equal  parts,  the  point  G  being  above 
G  because  the  latitude  is  north.  Make 
CO  equal  to  the  moon's  horary  mo- 
tion from  the  sun  34'  18".  1,  to  the 
dght  hand  of  the  point  G ;  and  CP 
equal  to  the  moon's  horary  motion  in 
latitude  -h  3'  22  .3,  the  point  P  being  below  C  because  this  horary  motaoa  has  the  a%iff 
+  prefixed.     Draw  N(^L  paraUcl  to  OP..    Make  OP  a  transverse  distance  oifO,M, 
on  thfe  line  of  lines  of  tbe  sector,  and  measure  from  the  same  lines  the  tnnsverstf 
distance  35J,  35j  (corresponding  nearly  to  the  minutes  in  the  time  of  new  Booii) 
this  distance  set  on  the  line  GN  to  the  right  of  G  reacbts  to  the  point  x  where  the  hour 
preceding  the  new  moon  is  to  be  marked,  viz.  aSh.    TWie  OP  in  the  cos^passes  mad 
mark  it  successively  on  the  l&e  NL  from  x  or  83h.  to  the  right  to  tSh.  and  to  the  left 
to  24h.  or  Oh.  Ih.  &c.    These  are  subdivided  into  five  minutes,  the  scale  not  artmittinc 
smaller  divisions.    Take  the  moon's  reduced  horisontal  panllaz  60^  l6^-.9  from  thft 
scale  of  equal  parts,  and  with  that  radius  describe  about  the  centre  C  the  ckde  AKB. 
Set  off  (by  means  of  the  sector)  the  arches  RT,  BU,  each  equal  to  93^  S8'.    Join  TQU 
and  about  that  diameter  describe  the  circle  TVU.    Make  the  arch  TV  equal  to  tbe  aim*a 
longitude  84^  44'  36",  which  is  done  by  setting  the  radius  QT  aa  a  chord  from  T  to  II# 
and  then  the  arch  nV=x24'^  44'  36"  by  means  of  the  sector.    Draw  P'V  peraUel  lo  CR 
to  meet  TU  in  the  point  P'.    Join  CP'  and  continue  it  to  meet  tbe  cirele  ABB  in  W4 
Make  (by  the  sector)  the  anhes  WD,  W<2,  equal  the  complement  of  the  latitnde  of  the 
place  47"^  26'^  nearly,  the  radius  being  GB.    In  a  similar  manner  make  the  arches  DF« 
D£,  df,  de,  &c.  each  equal  to  the  sun's  declination  23^  22'.    Draw  the  lloea  F//,  D^^^ 
£ne,  cutting  CW  in  ( ,  9,  n.    Bisect  In  in  r.    Draw  the  line  YI,  r,  XVUI  narallel  to  D^tf 
and  make  r,  VI,  r,  XVUI,  each  equal  to  ^ D.    Through  the  pointo  (,  VI,  n,  XVIII,  l^ 
draw  the  path  of  the  spectator  as  taught  in  the  above  rule,  and  marie  the  hoar  of  noon 
6h.  at  the  point  n  because  the  sun's  declination  is  north.    Mark  the  following  hoora  or 
succession  to  the  left  I,  li,  III,  &c.  as  in  tbe  fij^re.  Take  an  extent  in  the  eompasaeo  equal 
to  the  sum  of  tiie  semi-diameters  of  the  sun  and  moon  lUf  14^.2  and  beghuiing  towaidp^  N^ 
find,  as  above  directed,  |be  points  p'Z'  at  that  distance  aptiit  and  marked  with  tne  sanM  tiaae 
Si2h.  7'  nearly,  which  is  the  time  of  the  beginning  of  the  eclipse.  Proceed  in  the  same  way 
for  the  end  of  the  eclipse  corresponding  to  the  points  ff\  Z",  and  to  the  time  Oh.  53^  which 
is  the  time  of  the  end  of  the  eclipse.   lake  tbe  cUfierence  of  th^  aenu-'diameloo  of  the  oun 
and  moon  42"  in  the  compasses,  and  proceed  in  the  same  way  to  find  the  beginning  aaid 
end  of  total  darkness  23h.  27m.  and  23h.  31m.    The  piintfrcOResponding  could  notbe 
drawn  in  the  figure  as  they  are  so  near  to  p  and  Z,  and  the  scale  small.    Find  by  trials 
the  points  p  Z  marked  with  tbe  same  time  and  at  the  least  distance  apart,  thia  will  be 
the  time  of  the  middle  of  the  eclipsie  23h.  29^.    With  an  extent  equal  to  the  flMMA'sr 
semi-diameier  16'  28''.1  aa  a  radias,  describe  about  p  ihb  cirele  whosft  diaii«attrf  M«v 
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^^prBsenfing  t&e  moon's  dve,  and  with  the  bhii's  flemi-cUameter  16'  46''.  1,  deacribe  about 
2  Ihe  nrcle  whose  diameter  u  S  a  representing  the  sun*8  disc  at  the  middle  of  the 
eclipse.  The  sun's  disc  being  wholly  covered  by  the  moon,  indicates  tiiat  the  eclipse  vizk 
lotal.  Describe  in  the  same  way  about  p  and  Z'  the  discs  of  the  sun  and  moon,  at  the 
beginning  of  the  eclipse,  touching  each  other  in  g.  Draw  CZ'  cutting  the  roooti*s  disc 
In  c  and  a.  Then  the  arch  c  g  will  be  the  distance  of  the  first  point  of  cont^t  of  the 
aun  and  moon  finom  the  sun's  zenith  towards  the  western  part  of  ihe  limb. 

REiMARKS. 

1.  The  correction  for  the  spheroidal  form  of  the  earth,  the  augmentation  of  the 
moonV  semi-diameter,  inflexion  and  irradiation,  are  neglected  in  the  above  rule  as  not  , 
aensibly  affecting  the  result  of  the  pro^jection,  though  these  points  might  be  attended  to 
hj  the  following  precepts. 

2.  From  the  latitude  of  the  place  subtract  the  correction  of  latitude  of  Tab.  XXX\1I|. 
Jmd  from  the  moon's  horizon^  paraUax  decreased  by  8".8  subtract  the  correction  of 
parallax  in  the  same  table ;  the  remainden  wiQ  be  the  corrected  latitude  and  parallax 
to  be  made  uae  of  in  the  above  rule  to  correct  for  the  spheroidal  form  of  the  earth. 

3.  Decrease  the  moon's  semi-duimeter  given  by  the  N.  A.  by  2 '  for  inflexion. 

4.  Decrease  the  son's  semi-diameter  3nl  for  irradiation,  and  from  the  remainder  sub-, 
liact  a  correction  equal  to  the  augmentation  (Tab.  XV.)  that  the  moon's  semi-diametei; 
Tvould  have  when  at  the  same  altitude  as  the  sun,  the  remainder  will  be  the  corrected 
fferai-diameter  of  the  sun,  to  be  used  in  the  above  rule  in  finding  all  the  times  and 
phases  of  the  ecUpse.  This  method  of  decreasing  the  sun's  semt«diameter  produces 
nearly  the  same  result  as  that  by  augmenting  the  moon's  semi-^diameter,  horary  motion 
and  horizontal  parallax,  and  taking  the  sun's  senMlamcter  as  given  in  the  Nantical 
Ayiqftn%ff. 

5,^  Besides  these  eorrectioiis,  there  are  othei»  depending  on  the  change  of  the  moon's 
femipdiameter,  horizontal  parallax  and  horary  motion  durii^  the  eclipse,  bat  all  these 
corrections  are  usually  ne^ected  fn  projecting  an  eclipse  or  occultation. 

6.  The  altitude  of  the  sun,  which  is  nearly  the  same  as  that  of  the  moon  during  the 
«clip.^,  may  easily  be  found  by  means  of  the  projection.  Thus  if  it  were  required  at  the 
Tteginning  of  the  eclipse  when  the  spectator  is  at  Z' :  Take  the  distance  CB  and  apply 
il  as  a  transverse  distance  90^,  9(N,  to  the  sines  of  the  sector ;  then  the  distance  Ci! 
applied  in  the  same  manner  to  tiiose  lines,  will  give  ihe  zenith  distance  of  the  sun,  about 
31  f  conneqwnding  to  the  altitude  59^.  The  correction  (Table  XV.)  corresponding  to  this 
Altitude  is  14'',  which  is  nearly  the  correction  to  be  e«ril»tracted  fhmi  the  sun's  semi- 
diameter  15',  4i''.6  (corrected  for  irradiation)  to  obtain  the  corrected  semi-diameter 
]5'  89^.6,  as  taught  in  §4.  Table  XV.  was  calculated  for  the  mean  semi-diameter  15' 
37"  and  tiie  correction  of  the  Tdble  14''  ought  to  be  increased  in  ratio  of  the  sun's  semi- 
diameter  15'  46^.1  to  15'  37"  when  very  great  accuracy  is  required.  The  difference  df 
the  corrected  semi-diameters  of  the  sun  and  moon  15^  28''.6and  16'S6".1  is  57% 
ivhich  is  to  be  used  instead  of  42"  in  finding  the  bc^nning  and  end  •  total  rkneas. 
The  duration  of  the  total  darkness  found  by  the  corrected  values  57"^  is  4|  nunutes,  but 
ynih  the  uncorrected  value  42"  is  only  3^  minutes.  It  was  probably  owing  to  the  neglect 
i>f  this. correction  Uiat  some  of  the  Almanacs  published  in  this  country,  for  1806,  men- 
IJoned  the  duration  as  3  minutes. 

7.  Tbepatb  of  the  speetator  I,  II,  III,  IV,  &c.  calculated  for.  the  proposed  latitude 
420  3^  ZOr  may  be  made  to  answer  for  any  other  latitude  by  altering  the  centre  of 
projection  and  tiie  scale  of  equal  parts.  By  this  means  the  trouble  of  repeatedly  des* 
jcribhig  that  path,  when  the  eclipse  is  to  be  calculated  for  several  places,  may  be  avoided. 
To  do  this  add  the  Prop.  Ldg.  of  the  reduced  parallax  to  the  log.  secant  of  the  latitude  of 
the  place,  the  sum,  rejecting  10  in  the  index,  will  be  the  Prop.  Log.  of  an  arch  A.  To 
this  Prop.  Log.  add  the  log.  secant  of  the  sun's  declination  (or  star's  in  an  occultation) 
xad  the  log.  co-tangent  of  the  latitude  of  the  place,  the  sum,  rejecting  20  in  the  index, 
wiQ  be  the  Prop.  Log.  of  the  arch  B.  Take  the  radius  r,  VI  (or  qD)  in  the  compasses, 
and  make  it  a  transverse  distance  on  the  line  of  lines  of  the  sector  corresponding  to  the 
aich  A,  and  with  that  opening  of  the  sector  measure  the  transverse  distance  corresponding 
to  the  arch  B  which  set  from  r  towards  C  on  the  line  rC  (continued  if  necessary)  vrill 
reach  to  the  centre  of  the  projection  corresponding  to  the  proposed  latitude ;  the  traa»> 
verse  distance  corresponding  to  the  reduced  parallax  measured  from  the  line  of  lines, 
with  the  same  opening,  will  be  the  radius  of  the  projection,  and  the  transverse  distance 
corresponding  to  the  horary  motion  of  the  moon  from  the  sun  or  star  in  an  occultation, 
will  be  the  horary  distance  to  be  made  use  of  in  marking  the  hours  on  the  lunar  orbit 
LN  ;  lastly,  the  latitude  of  the  moon  at  the  conjunction  is  to  be  measured  as  a  transverse 
distance,  and  set  from  the  ne,w  centre  of  projection  on  a  line  drawn  through  it  parallel 
to  CR,  and  the  point  where  it  reaches  will  be  the  new  point  G  corresponding  to  the 
place  of  the  moon  at  the  ecliptic  coi\junction.  Through  this  point  the  line  of  the  moon's 
path  is  to  be  drawn  parallel  to  the  line  LN  of  the  figure,  and  the  hoin^  are  to  be  marked 
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oh  it  as  before.  "Wlieiiee  the  tunes  of  beginning  and  end  of  tlie  eclipse  tnay  be  fimncl 
as  in  the  above  rule.  An  example  of  this  method  is  not  gpTOn,  as  it  would  render  the 
scheme  too  confused. 

PROBLEM   XII. 
To  project  an  occuUation  of  a  Jired  star  by  the  mootty  aH  muf  given  place. 

The  method  of  projeeting  an  occultation  is  nearly  the  same  as  that  of  an  eclipse  of 
the  sun,  bat  to  save  the  trouble  of  reference  it  was  thought  expedient  to  give  Uw  lole 
ivitbout  abridgment. 

RULE. 

To  the  time  of  the  ecliptic  conjunction  of  the  moon  and  star,  given  in  the  int  pB^ 
of  the  Nautical  Almanac  (or  calculated  by  Prob.  III.)  add  the  longitude  of  the  pn^Moftd 
piace  tunned  into  time,  if  east,  but  subtract  if  west,  the  sum  or  difierence  wiH  be  the  time 
oC  coi^nctlon  at  the  proposed  place.  Corresponding  to  the  time  of  coi\janction  at 
Grgf  nwich,  find  by  Problem  I.  the  moon's  latitude,  horizontal  parallax  and  seBu-diaaietM% 
also  the  sun's  right  ascension.  Then  by  Problem  II.  find  the  horary  motion  of  the  bumd 
iu  longitude  and  latitude,  and  by  Tables  Vlli.  and  XXXVII.  the  star's  Right  Aacenaio^ 
Declination,  Longitude  and  Latitude.^ 

.  Draw  the  line  ACB  (Plate  XII.  fig.  8.)  representing  a  parallel  of  the  eclipCae  peam^ 
through  the  star,  and  perpendicular  thereto  the  line  CPR.  Take  a  scale  of  equal  faria 
to  measure  the  lines  of  the  projection,  and  from  it  take  an  interval  equal  to  the  difieiv 
<^<e  of  the  latittidcs  of  the  moon  and  star,  and  apply  it  to  the  line  CR  from  C  te  6 
e&ooe  the  line  ACB  if  the  moon-s  latitude  is  north  of  the  star's,  otherwise  hetmDX*» 
Take  GO  equal  to  the  horary  motion  of  the  moon  in  longitude,  and  set  it  on  the  line  CB 
to  the  right  hand  of  C  to  O  ;  takcl^P  equal  to  the  moon^s  horary  motion  In  lalitu<ie 
found  with  its  sign  by  Problem  II.  and  set  it  on  the  line  CR  from  C  to  P,  above*  the 
Hne  ACB,  if  its  sign  is  — ,  below  if  -f .  Join  OP  which  represents  the  horary  motion 
of  the  moon  on  her  orbit,  and  parallel  to  that  line  draw  the  orbit  of  the  moon  NGL,  on 
whirh  are  to  be  marked  the  places  of  the  moon  before  and  ailer  the  conjunctioii  hy 
means  of  the  horary  motion  OP,  so  that  the  moment  of  the  eclhptic  oonjunctien 
at  the  proposed  place  may  fall  exactly  at  the  point  G,  as  in  the  figure  where  tlic 
CDfljur#"5tion  is  at  18h.42'.  This  may  lie  done  by  malting  OP  equal  to  the  tnjisreise 
distance  60, 60,  on  the  line  of  lines  of  the  sector,  then  measuring  from  the  saine  lines  the 
transverse  distance  corresponding  to  the  minutes  and  parts  of  a  minute  in  the  time 
of  the  ecliptic  conjunction  at  the  place  of  observation,  and  setting  it  on  the  line 
CrN  from  G  towards  the  right  to  the  point  x,  the  place  of  the  moon  at .  the  first  ivhole 
hourf  preceding  the  conjunction  (which  in  the  present  figure  is  I8h.)  Then  the  ch'stance 
OP  being^taken  in  the  compasses,  and  set  from  x  to  the  right  hand,  gives  succesaiTely  the 
preceding  hours,  and  the  same  distance  set  to  the  left  gives  the  following  hours,  as  in 
the  figure,  where  they  are  marked  17h.  I8h.  I9h.  20h.  These  hours  arc  to  be  dirided 
idto  60  equal  parts  representing  minutes,  the  scale  being  taken  sufficiently  large  for  that 
purpose. I  In  the  present  figure  the  subdivisions  are  carried  only  to  five  minutes.  Take 
.the  moon's  horizontal  parallax  from  the  scale  of  equal  parts  for  the  radius  CB  ;  vrith 
which  on  the  centre  C,  describe  the  circle  BRA  cutting  CR  in  R,  Open  the  sector  t^ 
the  transverse  distance  60^,  60^,  on  the  line  of  chords,  is  equal  to  the  radiuB  CB,  and 
measure  from  that  line  the  tran-^yer'^e  distance  23"  28'  (equal  to  the  obliquity  of  the 
ecliptic)  which  set  on  the  circle  ARB  on  each  side  of  R  to  T  and  U.  Join  TV  cutting 
CR  in  Q.  On  Q  as  a  centre,  with  the  raiUvis  QT,  describe  a  circle  TYUV,  on  which  set 
off  the  arch  TYV,  equal  to  the  star's  longitude.  Through  V  draw  the  line  VP'  parallel 
to  CR.  Open  the  sector  till  the  transverse  distance  90^^,  90^,  on  the  sines,  is  equal  to  the 
i:adiu9  CB,  then  t:ikc  in  the  compasses  from  the  same  lines  an  extent  equal  to  the  titms- 
verse  distance  corresponding  to  the  complement  of  the  declination  of  the  star,  and  with 
one  foot  in  C  sweep  a  small  arch  to  cut  the  line  VP'  in  F  the  place  of  tli.e  pole  ©f 
the  earth. *t  Draw  CP',  and  continue  it  on  either  side  so  as  to  cut  tho  circle  ARB 
in, the  point  W  situated  above  AB,  if  the  latitude  of  the  proposed  place  b  north,  but 
below  if  "^uth.  In  the  proposed  figure  the  latitude  is  north.  (If  it  had  been  south 
the  lower  part  of  the  circle  ARB  ought  to  have  been  made  use  of.)     Open  the  sector 

t  In  RtrietMsg  these  qnniiiities  oujjht  to  be  ro.recteti  for  At>frnition  and  Motatiun  by  Tablet  XXXCC. 
—XLIH.  but  the  conection  \s  s(»  siTiall  that  it  niav  ai\vuv.s  be  nep-lccte*!.  If  the  Rigirt  Ascensinii  «i»L 
Dprrmauon  only  are  ^ivcn,  the  Jniltude  and  l«>!igiiude  Vnnv  be  found  by  Problem  XIX  aod  il  the 
latter  .ire  jriven,  the  former  mny  be  calculated  l)v  Problem  "XX 

J*  In  tlie  fierure  llie  point  G  is  placed  alK)ve  AcB,  because  the  moon  i«  in  a  less  rontbera  btltuiSe 
ihaii  the  star.  This  nari  of  the  nde  may  also  l>e  thus  expres«ied.  Find  th«  rooon'«  laUtude  with  M* 
Mffu  as  in  Problem  XL  Prefix  the  sipn  -f-  to  t!ie  htnr's  btitude  if  nofth,  the  fiiim  —  if  sonlh-  AHd 
the  Infitudes,  noUcinp:  the  si^rns  as  in  nl^rebra,  and  the  dUtance  CG  will  le  obtained.  If  iU  sieii  U  — 
wie  point  G  i«  to  be  plaoei!  above  0.  »Mit  l>elow  C  if  the  fe;"n  is  -J-. 

•  See  note  with  this  mark  in  page  Si^Z 

t  6ee  note  with  this  mark  in  piige  592, 

ItvL  "°**'  ^'^^  *'"^  ^~'^^  '"  l*'^**  504. 
-iJ-HrnT^**'*",*''  ?^  ^^?  *'***  WV  from  the  line  rR,thc  sHimti-n  of  tliv  point  I'/ajTrUlje  pwh  tf  Ite 
»liectaior,may  be  lound  as  in  the  note  §  pa.'c  501.  Digftized  by  VjOO -^  i-.^ 
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as  before  so  as  to  make  the  transvers&distance  of  60^,  60^,  on  the  chords,  equal  to  CB, 
and  take  the  chord  of  the  complement  of  the  latitude  of  the  place,  \1rhieh  set  from  W 
on  each  side,  to  D  and  d.  With  the  same  opcjiingof  the  sector  measure  the  chord  of 
the  star's  declination,  which  set  on  the  circle  ARB  from  the  point  D  on  each  side,  to  E 
and  F,  and  fr  m  J  on  each  side  to  e  and/  Draw  the  dotted  lines  F/,  Dc/,  £e,  catting 
CW  ijaJ,  g,  tt.  Bisect  /  n  in  r,  and  erect  the  line  t  ru  perpendicular  to  CW  and  make 
ytytu  each  equal  to  qD.  Open  the  sector  to  make  the  transverse  distance  90^,  90^,  on 
the  sines  equal  tor  i,  and  on  each  side  of  r  mark  on  the  line  <  r  u  the  sines  of  15^,  30^, 
45°i  60%  75°,  (equal  to  Ih.  2h.  3h.  4h.  6h.  respectively)  to  that  radius,  and  mark 
the  points  with  those  degrees  as  in  the  figure  ;  through  these  points  draw  the  dotted 
lines  parallel  to  in  as  in  the  figure.  Open  the  sector  so  that  the  radius  r  /  may  corres- 
pond to  the  transverse  distance  90"^,  90^,  on  the  sines,  and  measure  the  complements  of 
the  former  degrees  as  transverse  distances  on  the  sines,  viz.  75%  60%  45%  30^,  15%  and 
set  them  on  the  above  dotted  lines,  on  each  side  of  the  points  15%  30%  &c.  respectively, 
above  and  below  the  line  tr  u.  A  regular  curve  ntlun  drawn  through  the  extremities 
of  these  dotted  lines,  will  represent  the  path  of  the  spectator  in  the  gfven  latitude.  Sub- 
tract the  sun*s  right  ascension  from  the  starts  (iitcreasing  the.  latter  by  24  hours  when 
neoessary)  the  remainder  will  be  the  hour  of  the  star's  passinj;  the  merid«an,*  which  is  to 
be  marked  at  the  upper  point/  of  the  path  if  the  star's  declination  is  south,  but  at  the 
lower  point  n  if  the  declination  is  north.  The  other  hours  are  to  be  marked  from  this 
point  towards  the  left,  by  marking  successively,  at  the  points  where  the'  dotted  lines 
njeet  the  path,  the  hour  of  the  star's  ptjissing  the  meridian,  increased  by  Ih.  2h.  3h.  &c. 
conipletely  found  the  curve,  observmg  to  reject  24  hours  when  the  sum  exceeds  *lh.  In 
the  present  example  the  star's  declination  is  south,  consequently  the  upper  point  /  of  the 
path  is  taken  for  the  hour  of  passing  the  meridian  19h.  54'.  The  extremities  of  the 
dotted  lines  to  the  left  being  marked  successively  20h.  $4',  21h.  54',  22h.  54',  23h.  54', 
Oh.  54',  &c.  The  path  touches  the  circle  AUB  in  two  points,  representing  the  points  of 
rising  and  setting  of  the  star,  which  in  the  present  figure  arc  I4h.  9'  and  Ih.  39'.  These 
points  divide  ^he  path  into  two  parts,  of  which  one  represents  the  path  while  the  star  is 
above  the  horizon,  the  other  when  below,  as  is  evident  from  the  hours  marked  on  the 
curve.  The  half  hours  or  any  other  intennediate  time  may  be  marked  in  a  similar  man- 
ner. Thus,  for  the  time  4h.  24',  which  is  3h.  SO'  or  52"^  30'  from  the  time  7h.  54',  marked 
at  the  point  n ;  set  the  sine  of  52'^.i  to  the  radius  r  t  from  r  to  *  on  the  line  W,  and 
erect  the  perpendicular /it,  equal  to  the  sine  of  37^'Ji  (which  is  the  complement  of  52*^.1)  to 
the  radius  m,  and  the  point  t  will  represent  the  place  of  the  spectator  at  the  proposed 
time.  In  this  way  the  halves  and  quarters  of  hours  may  be  marked  on  those  parts  of 
the  path  where  necessary.  The  smaller  subdivisions  may  generally  be  obtained  to  a 
sufficient  degree  of  exactness  by  dividing  the  quarters  of  hours  into  equal  parts. 

Take  from  the  scale  of  equal  parts  an  extent  equal  to  the  semi-diameter  of^  the  moon, 
and  beginning  at  the  line  NL  towards  N,  find  by  trials  the  point  p'  of  the  moon's  path  . 
and  the  point  Z'  of  the  path  of  the  spectator,  marked  with  the  same  time  and  at  that 
distance  apart.  That  time  will  be  the  beginning  of  the  occultation  or  immersion  at  the 
proposed  place.  Proceed  in  the  same  wav  towards  tlie  point  T.,  wid  find  the  points  p,  Z,  ' 
at  the  same  distance  apart,  the  corresponding  time  will  be  the  end  of  the  occultation 
•r  emersion.  About  the  points  p\  ;>,  as  centres,  with  a  radius  eqrnil  to  the  moon's  semi- 
diameter,  describe  the  small  circles  meeting  the  paths  of  the  spectator  in  the  poiuts 
Z',  Z.  These  circles  will  represent  the  moon's  disc  ;  the  points  Z',  Z,  the  places  of  the 
star,  and  the  lines  CZ',  CZ,  the  vertical  circles  passing  through  the  star  at  the  times  of 
immersion  and  emersion  respectively.  To  render  this  part  of  the  scheme  more  distinct 
to  the  eye,  it  is  drawn  separately  in  Fig.  9,  Plate  XII.  in  which  the  point  C,  p'Z',  arc 
similarly  situated  to  the  corresponding  points  of  Fig.  S,  marked  with  •  the  same  letters. 
Through  jt'  draw  the  line  a'  p  c'  parallel  to  CZ',  to  meet  the  moon's  disc  in  «',  c'.  Then 
the  circle  d  U  f^  being  held  between  the  eye  of  the  observer  and  the  sun,  the  engraved 
or  marked  side^of  the  figure  towards  the  eye,  and  the  line  CZ'  (or  a'jyc')  in  a  vertical  po- 
sition with  the  point  Z'  above  C,  will  represent  the  appearance  of  the  moon  and  star  as 
viewed  by  the  naked  eye,  c'  will  represent  the  upper  part  of  the  moon,  a' the  lower  part, 
and  Z'  the  point  of  contact.  The  contrary  will  be  observed  if  the  object  be  viewed  by 
an  inverting  tele6C0|»r.  It  will  generally  l)e  conducive  to  the  accuracy  of  an  observation 
to  estimate  in  this  manner  the  point  of  emersion,  so  as  to  keep  that  point  of  the  moon's 
limb  in  the  field  of  view  of  the  telescope,  and  the  eye  directed  towards  that  point  of  the 
limb,  BO  as  to  perceive  the  star  at  tbe.fir^t  instant  of  its  appearance. — The  situation  of 
the  point  of  emersion  with  respect  to  the  horns  p,  0,  of  the  moon  m-ay  also  be  made  use 
of  for  this  purpose.  The  line  p  fl)  connecting  the  moon's  horns,  is  nearly  parallel  to  the 
line  OR,  except  very  near  the  new  or  full  moon,  so.  that  in  general  it  will  be  sufficiently 

.    •  Or  rather  tbe  horary  distance  of  the  0  and  ^  ai  ihe   time  of  the  rcliptic  conlunctlnti  of  the 
moon  and  <tar. 
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correet  (o  draw  through  p  the  line  f  p  d  pftralld  ta  CR.  If  greater  accnncy  ia  KqfUli^i; 
the  following  construction  may  be  made  use  of.  Subtract  the  aan^a  loogitiide  from  the 
moon's,*  make  the  arch  TYUX  equal  to  the  remainder,  and  join  UA.  bet  on  the  same 
circle  the  arch  T^  equal  to  the  moon's  bititude ;  beUnc  the  point  T  if  that  latitude  b 
smUk,  abcve  if  twrth.  Through  /8  oraw  the  line  fit6  parallel  to  TQ  to  cut  Q>  in  < and 
CR  in  6.  Take  the  extent  QT  and  set  h  on  the  line  6  Y  abore  3  to  f<.  Join  p  c  and  ptr^ 
Bllel  thereto  throogfa  p  draw  the  line  fpe  cutting  the  moon's  disc  in  the  points  f  9  repiv- 
sentingthe  faomS)  the  figure  being  viewed  as  above  directed.  The  enlightened  part  of 
'  the  moon  is  that  nearest  to  the  sun,  the  dark  part  is  the  most  distant  firom  it. 

BXAMPLE. 

.  Required  the  times  of  immersion  and  emersion  of  Spica,  Dec  IS,  1808,  at  a  ptace  xfi 
die  latitude  of  20^  N.  and  in  the  longitude *of  Ih.  9m.  east  from  Greenr/ich  ? 
By  the  first  page  of  the  Nauticalf""; — " 
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Almanac  for  the  month  of  December, 
1808,  the  time  of  the  ecliptic  con< 
Jhnction  of  the  moon  and  Spica  (mBik- 
ed  D  a  fQ?)  was,  December  12,  I7h 
3^  at  6i:«enwich,  corresponding 
18h.  42f  at.  the  proposed  place.  At 
the  time  at  Ghreenwich  I7h.  33'  the 
elements  of  the  occultation  were 
In  the  adjoined  Table  .calculated  by 
the  aboTC  rule. 

Draw     AOB,    and    perpendicult 
thereto  the    line    CGY,      Make    CG 
equal  to  the  difference  between  the 
latitudes  of  the  moon  and  star  12  20''  taken  from  a  scale  of  equal  parts,  the  point  G  be- 
ing above  C,  because  the  moon  is  northward  of  the  star.    Make  CO  equal  to  the  mooi^ 
horary  motion  in  Ibngitude  35'  55^2  to  the  right  of  C  ;  and  Cf  equal  to  the  horary  mo- 
tion in  latitude  3'  2".  7,  the  point  P  being  above  C  because  the  sign  is —  (or  the  latitat 
is  south  decreasing.)     Draw  NGL  parallel  to  OP.     Make  OP  a  transyeise  distance  of 
60, 60,  on  the  line  of  lines  of  the  sector,  and  measure  from  the  same  lines  the  tiansvefse 
distance  42,  42  (corresponding  to  the  minutes  in  the  time  of  the  coiyuiiction)  this  dis- 
tance set  on  the  line  GN,  from  G  towards  the  right  hand,  reaches  to  the  point  x  of  the 
path  where  the  hour  preceding  the  conjunction  is  to  be  marked,  riz.  l8h.    Take  OP  in 
the  compasses,  and  mark  it  on  the  line  LN,  from  x  or  I8h.  to  the  right  to  I7h.  and  to  tbe 
left  to  I9h.  20h.  &c.     These  are  subdivided  into  five  minutes,  the  scale  not  adnultin^ 
of  smaller  divisions.      Take    the  moon^s  parallax  59  55". 2  from  the  scale  of  eqinal 
parts,  and  with  that  radius  describe  about  the  centre  C  the  circle  ARB.     Set  off  Qgy 
means  of  the  sector)  the  arches  RT,  RU,  each  equal  to  23*^28'.    JoinTQD,  andabouC 
.  that  diameter  describe  the  circle  TYUVT.     Make  the  arch  TYV  equal  to  the  starts  lonr 
gilude  201°  lO'  31",  which  is  done  by  making  the  arch  VV=2l^  10'  31*.    Draw  PT 
parallel  to  CR,  and  yith  an  extent  equal  to  the  complement  of  the  star*s  declination 
79^  50',  taken  as  a  transverse  distance  from  the  sines,  with  tbe  radius  CB  ;  and  with 
one  foot  in  G,  sweep  an  arch  cutting  P'V  in  P'.    Join  CP'  and  continue  it  to  meet  tbe 
t^ircle  ARB  in  W.     Set  on  each  side  of  W  the  arches  WD,  \\d  equal  to  tbe  com- 
plement of  tbe  Iftitude  of  the  place  70^.     Make  the  arches  DF,  DE,  d  f  ie  ea^ 
equal  to  the  star's  declination  10^  lO',  and  draw  the  lines  F  J  /,  D  q  d,  £  »  e,  cnf^ 
ting  CW  in  2,  q,  n,     Bisect  /  n  in  r,  draw  t  r  u  parallel  to  D  9  d,  and  make  ri^ru 
equal  to  q  D.      Through  the  points  /,  t,  n,  u,  /,  drew  the  path  of  the  spectator  as 
taught  in  the  above  rule,  and  mark  the  hour  of  the  starts  passing  the  meridian  19%. 
63'  50"  or  I9h.  54',   at  the  upper  point  /,  because  the  star's  declination  is  soatli.* 
Mark  the  following  hours  in  succession  20h.  54^,  21h.  54',  &c.  to  the  left,  as  in  tl^e 
figure.      Take  an  extent  in  the  compasses  equal  to  the  moon's  semi-diameter  1& 
if'^.S  and  beginning  towards  N,  find  as  above  directed  the  points  /,  Z\  at  that  di^ 
tance  apart,  and  mariced  with  the  same  time  l6h.  57^,  which  is  the  time  of  the  imiiier<> 
aion.      Proceed  in  the  same  way  for  the  emersion  corresponding  to  the  points  p^  Z» 
at  the  same  distance  apart,  and  the  dime  of  the  emersion  iSh.  10'  will  be  obtained. 
With  the  same  extent  describe  about  p  and  p'  the  small  circles  representing  the  disc 


*  In  strictaem  cbr  lontritade  and  latitude  of  the  moon  at  ibe  time  of  iinroerMom  or  einenkin  c  . 
tm  made  use  of,  bat  it  will  be  sufficieiXly  exact  10  u^e  tbe  star's  longitude  insfead  uf  tbe  moon^  (Id 
angr  U  by  3609  wben  lew  tfaan  the  sud*8  lon^iiudp)  and  the  moon's  latitude  at  the  coniunction.    QnoaClCtrs 
'*f  the  same  order  m  the  moon'«  parallax  hic  neijfeclpd  it*  Ihe  vnlw  of  the  arch  TyU>. 
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of  the  moon  at  these  times,  and  cutting  the  path  of  the  spectator  in  thc^  point  Z,  Z'. 
Join  CZ',  Cp'y  and  parallel  to  CZ',  draw  c',  p'  d  cutting  the  moon's  disc  in  €^f  a  {bs 
in  Fig.  9,  P.  XII.)  and  the  arch  a  Z  will  represent  the  distance  of  the  point  of  immer- 
sion from  the  lower  part  of  of  the  moon.  The  line  CZ  runs  nearly  through  the  point  p, 
so  that  the  top  part  of  the  moon  c  and  the  point  Z  nearly  coincide,  consequently  the 
emersion  happened  near  the  moon's  zenith. '  By  subtracting  the  sun's  longitude  261°  7' 
from  the  moon's  or  star's  201^  10",  (increased  by  36(K)  the  remainder  is  300^  3',  which 
is  to  be  marked  on  the  curie  TVUV  to  the  point  X.  Make  the  arch  T0  equal  to  the 
moon's  latitude  1°  49^  53^',  taking  the  point  /?  below  T,  because  the  latitude  is  south. 
Draw  the  lines  X  Q  ^c  ^,  ft  «,  p  p  0  as  in  the  rule,  and  the  points  p,  $,  will  represent  the« 
places  of  the  moon's  horns.  The  point  of  emersion  Z  will  be  to  the  westward  of  the 
upper  horn  p,  about  60^  measured  on  the  moon's  Umb. 

REMARKS. 

1.  When  it  is  thought  necessary  to  take  notice  of  the  spheroidal  form  of  the  earth» 
the  corrections  of  latitude  and  parallax  of  i'able  XXXVIIi.  must  be  subtracted  from  thd 
latitude  of  the  place  and  the  moon's  horizontal  parallax  respectiyely,  to  obtain  the  lati- 
tude and  parallax  to  be  made  use  of  in  the  aNove  rule.  ' 

2.  Subtract  2'  from  the  moon's  semi-diameter  given  by  the  N.  A.  the  remainder  m 
i&  be  made  use  of  wUhoui  augmentation^  on  account  of  the  altitude  of  the  moon. 

3.  The  corrections  for  the  change  of  the  moon's  semi-diameter,  horizontal  parallax, 
and  horary  motion  during  the  occultation,  are  neglected  in  the  above  rule,  as  not  mate- 
cially  aflectlng  the  result. 

4.  The  line  C  Z\  measured  on  the  sines  as  a  transverse  distance  to  the  radios  G  B, 
will  be  the  star's  zenith  distance  at  the  immersion.  In  a  similar  nianner  it  may  be 
found  at  the  emersion  at  Z,  or  at  any  other  point 

5.  The  curve  I  t  n  u  may  be  made  to  answer  for  any  latitude,  as  in  Problem  XI. 
Remark  7. 

CaleidaHon  of  an  OccuUaHon  of  a  Planet  by  the  Moon. 
By  a  similar  process  the  times  of  immersion  and  emersion  of  a  planet  may  be  cal** 
culated  by  finding  the  planet's  right  ascension  and  declination,  geocentric  longitude  and 
latitude  from  the  Nautical  Almanac,  and  using  them  instead  of  the  star's.  Also  by 
Frob.  II.  the  horaiy  motion  of  the  moon  from  the  planet  in  longitude  and  latitude,  whica 
Are  to  be  used  instead  of  the  horary  motion  of  the  moon.  In  this  projection  it  will  not 
be  necessary  to  take  notice  of  the  parallax  of  the  planet,  but  it  may  be  eaaOy  allowed  for^ 
by  taking  the  radius  C  B  equal  to  the  difference  of  the  horizontal  parallaxes  of  the  moon 
and  planet.  The  apparent  diameter  of  the  planet  may  also  be  neglected,  making  the 
distances  pZ,  p'Z'  equal  to  the  moon's  semi-diameter.  When  great  accuracy  is  require^^ 
iht  sum  of  the  semi-diameters  of  the  moon  and  planet  must  be  made  use  of  for  findii^ 
thb  external  contacts,  and  their  difierence  for  the  mtemal  cf  ntacts. 

PROBLEM  XIII. 
7s  edculate  the  beginning  or  end  of  9  aolar  Eclipse. 
RULE. 
This  must  be  done  by  approximation,  by  assuming  a  time  for  the  beginnui*;  or  cud  of 
tlie  eclipse,  as  for  example  the  time  obtained  by  projection  by  Problcjn  XL  the  tiitie  of 
new  moon  at  the  place  of  observation,  or  an  hour  before  or  after,  aei^ording  lu  it  ii  the  U- 
ginning  or  end  of  the  eclipse  that  is  sought  With  this  time  calculate  tlif^  elemental  of  th^ 
eclipse  and  the  parallaxes,  as  taught  in  the  first  part  of  Problem  \  HL    The  paral£ax^.» 
applied  to  the  longitude  and  latitude  of  the  moon  by  the  N.  A.  will  pre  t ho  appiirent 
longitude  and  latitude.    Find  the  difference  of  the  apparent  lonj^itudes  of  tUc  moon      « 
lUld  sun,  and  from  its  prop.  log.  -increasing  the  index  by   10,  subtract  the  prop« 
log.  of  the  moon's  Apparent  latitude,  the  remainder  will  be  the  log.  tangent  of  an 
fti^e,  whose  corresponding  log.  co-sine  is  to  be  added  to  the  prop.  log.  of  the  diffl 
of  longitudes,  the  sum,  rejecting  10  in  the  index,  will  be  the  prop.  log.  of  the  apparent 
distance  of  the  centres  of  the  sun  and  moon,  which  ought  to  be  equal  to  the  sum  of  the 
corrected  semi-diameters,  if  the  assumed  tmxt  was  correct.    If  this  it  not  the  case,  the 
operation  must  be  repeated  with  an  assumed  time  differing  a  few  minutes  from  the  formi^y 
'and  the  apparent  distance  of  the  centres  of  the  sun  and  moon  must  be  calculated  in  this 
new  supposition.  Then  add  together  the  arith.  comp.  of  the  prop.log.  of  the  difference  of  the 
apparent  distances  thus  calculated,  the  prop.  log.  of  the  difference  ^tween  the  first  calcula- 
ted distance  and  the  sum  of  the  semi-diameters,  find  the  prop.  log.  of  the  interval  of  time 
between  the  two  suppositions,  the  sum,  rejecting  10  in  the  index,  will  be  the  prop.  log. 
of  the  correction  to  be  applied  to  the  first  assumed  time,  which  at  the  beguining  of  an 
eclipse  is  to  be  added  to  the  first  assumed  time,  if  the  distance  be  greater  than  thd  sum  of 
tfap  semi-diameters,  but  subtracted  if  less;  and  the  contrary  in  calculating  the  end  of  an 
ccli^ ;  Cte  sum  tJr  diflfferencc  win  be  the  apprmmtitt  time  cff  the  be^nning  vr  «id 
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of  the  eclipse.  If  great  accuracy  is  required,  the  operation  mvf  be  repeated  with  this 
approximate  time,  combining  this  result  with  one  of  the  former  suppositions,  and  thus 
the  operation  may  be  repeated  till  the  apparent  distance  of  the  centres  at  the  aasomed 
time  is  found  to  be  exactly  equal  to  the  sum  of  the  corrected  semi-diameten. 

Remark,  This  rule,  with  some  moditication,  will  answer  for  cakulating  the  tiibc  of 
an  occultation  of  a  fixed  star  or  planet  by  the  moon.  In  this  case  the  starts  longitade  » 
to  be  found  in  fable  XXX.VU.  and  corrected  for  the  equation  Tables  XL.  XLl.  (or  the 
planet's  longitude  is  to  be  taken  from  the  Nautical  Almanac)  the  difierenee  between  ihia 
and  the  moon's  apparent  longitude  corresponding  to  the  assumed  time  being  found,  its 
*  prop.  log.  is  to  be  added  to  the  log.  secant  of  the  moon's  apparent  latitude,  and  the  sum  is 
to  be  used  in  finding  the  distance  of  the  centres  iristead  of  the  prop.  log.  of  the  diff.  Uaaif. 
of  the  sun  and  moon,  with  the  index  increased  by  10.  The  latitude  of  the  atar  is  to  be 
found  by  Tables  XXXVH.  and  XLl.  or  the  planet's  latitude  by  the  Nautical  Almanar, 
and  added  to  the  latitude  of  the  moon,  if  of  a  different  name,  otherwise  their  difference 
is  to  be  taken  and  made  use  of,  instead  of  the  moon's  1  ititudc  in  the  above  rale.  Lastly, 
instead  of  the  sum  of  the  semi-diameters,  the  semi-diameter  of  the  moon  is  to  be  made 
use  of.  When  very  great  accuracy  is  required,  in  calculating  an  occultation  of  a  planet 
by  the  moon,  the  difierencc  of  the  parallaxes  of  the  moon  and  planet  decreased 
by  the  correction  of  Parallax  Table  XXWIIJ.  is  to  be  made  use  pf  as  the  reduced 
parallax,  in  finding  the  parallaxes  in  longitude  and  latitude.  When  (he  apparent  dis- 
tance of  the  centres  of  the  moon  and  planet  is  equal  to  the  sum  of  their  semi-diameten, 
their  limbs  will  just  appear  to  touch  each  other,  and  when  that  distance  is  equal  to 
the  difference  of  the  semi-diameters,  the  planet  will  be  wholly  corered  by  the  moon. 

EXAMPLE. 

Required  the  time  of  the  beginning  of  the  solar  aclipse  of  June,  1806,  at  Salem,  nip- 
posing  the  errors  of  the  moon's  longitude  and  latitude  in  the  Nautical  Almanac  tm  be 
unknown  ? 

To  abridge  the  present  calculation,  suppose  the  beginning  of  the  eclipae  to  be 
June  15d.  22h.  6'  ld".l  app.  time,  the  elements  corresponding  to  whidi  have  been 
calculated  in  Problem  VI. ;  namely,  T's  apparent  longitude  S4^  S^  50^.3,  ^H  appa- 
rent latitude,  V  55".8  N.  these  being  corrected  for  the  errors  of  the  tables,  68^.5  and 
Jl".4,  hence  the  uncorrected  values  are  84^  9'.48".8,  and  2'  7''.2  N.  The  difoence 
between  this  app.  long,  of  the  moon  and  the  isun's  longitude  84°  41'  3^.4,  ia  31'  1^.6w 

»  DUr.  \oag.  3t'    14'  .6  p.  L.  tO.760ft  aiSOB 

>  App.  Ist.  2     7   .3  P.  L.  1.9389 


Tan.       8.3316— Convspondin^  co-sfoe  9^999 
Alkp.  Db.  ®  ^  »r.  I9"X)       P.  L.    .7«tf 

This  apparent  distance  differs  l'  4".  5  from  the  sum  of  the  semi-diameten  32^  23^.5. 
it  is  therefore  necessary  to  make  a  second  supposition,  as  for  example  ten  nunntea  Ittter, 
or  at  28h.  16'  1S".1,  with  this  time  the  elements  are  to  be  again  calculated  as  in  PnMem 
\h  namely,  D'sapp.  long,  uncorrected  84^  14' 7''.  1,  0»s  long.  84°  41' 27^.8,  their 
difference  27'  10".  1,  D's  app.  lat.  uncorrected  for  error  of  tables  l'  SSTS  N. 


DJff.  lonp.           27.10.1           P.  L.           ia82l2 
D  App.  Lat         I  .58  .8            P.  L.             1 J688 

(U212 

Tanff.                      8.8626 

Con«p-  co-aine     ftSBW 

.  [Second  App.  Dlft.    ®    >    27'.  ]4".7 

P.L.  8309 

First  App.  Dist.       ®     D    31.    19  0 

DlflTerence       4.      4.  S 
DlO*.  UU  diA.  L  Semi-diam.      1.   ^4.  S 
.  Intervnl         lO.      Ol 

F.L.Ar.eo.           a.&545 
P.L.                        2.2233 
p.L.                         1.2555f 

Convcnon       2.    M. 

p.X.                          1.8836 

First  supposed  time     I5d.  22h.  6.  t8.1 

V 

Approximate  time         15.    22.    3.  «IX1 

If  (his  approximate  time  bad  differed  ver}*  much  from  the  assumed  times,  it  wOtttd  l« 
necessary  to  repeat  the  operation  till  the  last  assumed  and  calculated  times  agree* 

PROBLEM   XIV. 
Given  the  moon's  tnu  Umgittule  to  find  the  tq^^arent  time  of  Greanokh* 
RULE. 
1.    TaVe  frtim  the  Nautical  Alma^iac  the  two  longitudes  immediately  pieceding 
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the  given  longitude  and  the  tivo  following,  and  find  the  first  and  second  differences  fl's 
in  Prohlem  I.  Call  the  middle  tenn  of  the  first  diflerences  the  arch  A,  and  the  half 
sum  ©f  the  second  differences  (noting  the  sij!:iis)  the  arch  B. 

2.  To  the  constant  logarithm  4.63543  add  the  arithmetical  comp.  log.  of  A  in  seconds, 
and  the  logarithm  of  the  difference  in  ecconds  between  the  given  longitude  and  tlie 
second  longitude  taken  from  the  Nautical  Almanac,  the  sum,  rejecting  10  in  iex, 
irill  be  the  logarithm  of  the  approximale  time  T  in  seconds. 

3.  Enter  Vable  XLV.  with  the  arch  B  .at  the  top,  and  this  time  T  at  the  side,  and 
find  the  corresponding  correction  :  to  the  logarithm   of  which  add  the  two  first  loga-  . 
rlthms  above  fouud,  the  sum,  rejecting  10  in  the  index,  will  be  the   correction  of  the  ap» 
|>roximate  time  to  be  applied  with  the  same  sign  as  the  arch  B,  and  the  correct  appa- 
rent time,  counted  onfxom.the  second  noon  or  midnight,  will  be  obtained. 

EXAMPLE. 

Suppose  the  moon's  longitude  Dec  12,  1808,  was  6s.  19^  SS'  5S".  Required  ilie 
apparent  time  ?  As  in  Example  I.  Problem  I.  A=7^  11'  18".=25878".  B=-f-4'  54".5 
and  the  difference  between  the  given  longitude  and  the  second  longitude,  taken  from 
thefNautical  Almanac,  6s.  17^  51'  36^'  is  1^  4 7 ,22 '.=6442".  Hence  (as  in  the  following 
calculation)  the  approximate  time  past  midnight  is  2h.  59'  14",  this  and  the  arch  B  gives, 
in  Table  XLV,  the  equation  27".5  whence  the  corrcctUin  is  -{-4^S  ^^^  the  sought  time 
3h.  past  midnight  or  Dec.  12d.  15h. 

Constant  log.    4.63548 
A  25878"  Ar.  co.  log.    5.oS707 

Diff.  long.  6442"  log.    3.80?02   Eq.  Table  XLV.  2r'.5  Log. 

Approx.  time  2b.  59' H"=i0754"        log.    4.03157    Correction+46".  Log.     1.66188' 

.m  

PROBLEM  XV. 

Qim\  the  distance  of  the  moon  from  a  fixed  star  not  marked  in  the  ^aiUical  Jilmanac^ 
together  tcUh  the  altitudes  of  the  objectSf  the  apparent  time  of  observation,  <tnd  the  e^ 
tifinated  Imi^Uude,  to  find  the  tonj^itude  of  the  place  of  observation. 

RULE. 

To  the  apparent  time  of  observation,  by  astronomical  computation,  add  the  estlif^ 
ted  longitude  in  time,  if  west ;  subtract,  if  cast ,  the  sum  or  difference  will  be  the  sa|i>* 
posed  time  at  Greenwich,  corresponding  to  which  find  the  moon's  latitude  by  Problem  It 
also  the  longitude  and  latitude  of  the  Star  by  Table  XXXVIL  and  correct  them  for  abi0i^ 
ration  and  nutation,  by  Tables  XL.  XLL 

With  the  apparent  altitudes  and  distance  of  the  objects,  Qnd  the  correct  distance  bf 
the  usual  rules  of  working  a  lunar  observation. 

To  the  correct  distance  add  the  latitudes  of  the  moon  and  star,  and  find  the  difference 
between  the  haif  sum  and  the  distance.  Then  to  the  log.  secants  of  the  latitudes  at 
the  moon  and  star,  rejecting  10  in  each  index,  add  the  log.  co-sines  of  the  half  sum  and 
difference  if  the  latitudes  are  of  the  sronc  name  ;  or  the  log.  sines  if  of  a  contrary  name  ; 
half  the  sum  of  these  four  logarithms  »vill  be  the  log.  co-sine  of  half  the  difference  of  lon- 
gitTide  if  the  latitudes  arc  of  the  same  name,  or  its  log.  sine  if  of  a  different  name. 

The  difftirence  of  longitude  is  to  be  added  to  the  apparent  longitude  of  the  star  if  th'o 
moon  is  east  of  the  star,  otherwise  subtracted  (borrowing  or  rejecting  360"^  when  ne- 
cessary ;)  the  sum  or  diflcrence  will  be  the  true  longitude  of  the  moon,  whence  the  time 
at  Greenwich  may  be  found  by  Problem  XIV.  The  difference  between  this  and  the  ap- 
purent  time  at  the  ship  will  be  the  longitude,  which  will  be  icest  if  the  apparent  time  at 
Greenwich  be  greater  than  the  time  at  the  ship,  otherwise  east, 

REMARK. 

This  method,  with  a  slight  modification,  will  answer  for  finding  the  longitude  from  the 
observed  distance  of  the  moon  from  a  planet,  as  Jupiter,  Venus,  Mars,  or  Saturn.  The 
only  difference  consists  in  finding  from  the  Nautical  Almanac  by  Problem  I.  the  Geocei)«* 
trie  long,  and  lat.  of  the  planet,  which  are  to  be  used  instead  of  the  longitude  and  lati- 
tude of  the  star  in  the  above  nde.  For  the  daily  variation  of  the  longitude  and  latitude 
of  a  planet  is  so  small,  that  no  error  of  moment  can  arise  from  calculating  those  quanti- 
ties for  the  supposed  instead  of  tlie  true  thne^  at  Greenwich,  and  the  parallax  and  seml- 
diamcter  of  the  planet  are  so  small  as  not  to  atfect  the  calculation  materially. 

The  latitudes  of  the  moon  and  the  fixed  star  or  planet  made  use  of  in  these  obscnra* 
tions,  ought  not  to  differ  very  much,  on  account  of  the  decrease  of  the  relative  mo- 
tion arising  from  this  source.  If  the  latitudes  are  of  a  different  name,  their  sum  ;  oth- 
cf^vise  their  difference  ought  to  be  found,  and  if  it  does  not  exceed  one  third  part  of  the 
diflefcnCe  of  longitude  of  the  two  objects,  they  may  in  general  be  made  iTs'e  of. 

f?  S  (rAB.) 
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EXAMPLE. 

Suppose  that  on  the  7th.  January,  1S08,  sea  account,  at  6h.  57m.  P.  M.  in  tlie  lon« 
gitude  of  120^  VV.  by  account,  the  observed  distance  of  the  farthest  limb  of  the  moou 
from  the  star  Aldcbaran  was  39^  7'  4",  the  observed  altitude  of  the  star  43^  IS*,  and 
the  observed  altitude  of  the  moon's  lower  linib  52<^  52^  Required  the  true  longitude, 
without  using  the  distances  marked  in  the  Nautical  Almanac,  upon  the  supposition  that 
they  were  not  given  in  it  ? 

In  this  case  the  supposed  time  at  Greenwich  was  Jan.  6d.  14h.  37m.  v*s  horiz.  par. 
54'  35",  P's  S.  D.  15'  5".  Apparent  distance  of  centres  1>  *  38°  51'  59",  whence  (by 
the  rule  page  167)  the  correct  distance  is  38°  47'  26".  The  Moon's  latitude  deduced 
from  the  Nautical  Almanac  by  Problem  I.  is  2^  37'  36"  N.  The  Star's  longitude  and 
latitude  is  found  by  Tables  XXXV II.  XL.  XLI.  making  use  of  the  longitude  of  the  Moon's 
node  78.  28"^  15',  and  the  Sun's  longitude  9s.  15'^  42',  as  given  in  the  Nautical  AImaAa4^. 

Table  XXXVII.  ^  L«>ng.  Jai.  6,  1808,    67«».6'.:i'  J        :k  LnUtode     Bf*:»M^'.B  8. 
Table  XLL  ^  AberraUun  +  15  .7       Aberralion  +     1  -i 


TttUe  XL.  EquaL  Equinox 

^  Api>arrnt  long^itude 

OoiTPCt  Distance 
])  Latitude 
•M  Latitude 


+  15  .2       *  App.  Lat.     5  M.51  IS. 


67.  6.  52 


38.47.  26 
2.37.  36  N,  Bee.  Oj0004r» 
5.28.  51  S.  Sec.  O.OOILS 


Bum  46.53.  53 


naif  sum  23.26.  68      Shu*  9.Br*fA 
DUr.  i  sum  and  dist.  15  20.  SO     tftM*  ^42255 

19.02481 


^  Diff.  of  Lonp. 
Diff.  of  Lonjf. 
iflfCt  Longitude 

^  Loncitnde 

p  Lopg;.  Jan.  6d.'12h: 

difference 


Ik  LoD^tuUe,  Jan.  6d.  Oh. 

.       6.     12 

^      7.       0 

;7.     12 

Constant  log. 

A=S'>.5r.26"=214l6"  loj^.co. 

1.  1S1.    4  =:  4744"  log. 


18.59.  21  Sine*  8.51240 
57.58.42  l>Wertof:j|C 
67.  6.  52 


12  Dio: 

KMB  B.  +1.  49 

SJS69S5 


3.67614    Eq.  Tab.  XLV.-^'A  log.      091313 


Approx.  time  2b.  39'  16"=95o6"  Log.  S.98027 
Ooirection        +  19 


Correction  + 19"  lof-      13T?» 


Time  T         2.    39.  ob        Hence  time  at  Greenwich 
App.  time  at  ship 

Longitude 

PROBLEM  XVI. 


lib.  Sy  35" 
e.    37.    0 


8.     2.  3:c=l20°.S5'i  W. 


Civen  the  intervals  of  time  bdiceen  the  passages  of  the  moofi*s  limb  and  ^i  fixed  star 
over  ttcp  different  meridians^  tojind  the  difference  of  ImigUude  of  the  tte§  meridians. 
In  making  these  obsen'ations  it  is  usual  to  note  the  times  of  transit  bj  &  clock  re- 
gulated to  siderial  time,  being  the  most  convenient  for  calculation.  If  the  interrab 
are  given  in  mean  solar  lime,  they  may  be  reduced  to  sidcrial^  by  adding;  a  propor> 
tional  part  of  the  daily  diflerence  3'  56".6.  Thus  if  the  interval  was  6  houra  nean 
time,  the  correction  would  be  found  by  saying  as  24h. :  6h.  : :  S'  56".6  :  59^.1,  which 
added  to  6h.  gives  the  interval  in  siderial  time  6h.  </ 59".l.  In  the  following^  rale  it 
is  supposed  that  the  intervals  are  given  in  siderial  time.  The  constant  logarithm 
4.63667  made  use  of  in  the  rule,  is  the  logarithm  of  43318  seconds,  the  ntunber  of  se- 
conds siderial  time  in  half  a  tnean  solar  day.  In  strictness  this  quantity  ougbt  to  be 
equal  to  the  logarithm  of  the  number  of  seconds  siderial  time  in  18  hours  appartnl 
time,  which  muy  ^liiTcr  15  seconds  from  4331 S"  on  account  of  the  daily  rariaUon  of 
the  equation  of  time.  The  correction  arising  from  this  source  is  very  aaall,  and  may 
in  general  be  neglected,  though  it  can  be  allowed  for  in  a  very  simple  majiuer,  aacc. 
the  logarithm  varies  an  unit  in  the  fifth  decimal  place  for  l"  of  time.  Hence  the  cor- 
rection of  the  logarithm  is  equal  to  half  the  daily  variation  of  tbe  equation  of  tiflie  in 


U<-?  .-9^*j)ie  if  ihe  laUtttdes  are  of  ibe  t>auic  nsuuc. 
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«econds,  giren  in  the  Nautical  Almanac,  to  be  added  to  4.63667  when  the  equation  of 
time  is  marked  add  and  is  increasing,  or  sub.  and  decreasing ;  otherwise  subtracted. 
Thus  if  the  obseryation  was  made  Jul;  4,  1808,  the  equation  of  time  is  marked  add,  and 
is  increasing  daily  10".  5.  half  of  which  or  5  is  the  correction  to  be  added  to  4.63667  to 
obtain  the  logarithm  4.63672,  to  be  made  use  of  July  4,  1808. 

RULE. 

If  the  moon  be  obserred  at  both  places  on  the  same  side  of  the  star,  take  the  difference 
of  the  observed  intervals,  otherwise  the  sum,  which  reduce  to  seconds  of  siderial  time, 
uid  find  the  corresponding  logarithm,  to  which  add  the  arith.  comp.  log.  of  the  varLa^ 
tion  of  the  moon's  nght  ascension*  in  12  hours  in  seconds,  and  the  log.  4.63667  (cor- 
KCted  for  the  variation  of  the  equation  of  time,  as  directed  above,  when  very  reat 
accuracy  is  necessary.)  The  sum,  rejecting  10  in  the  index,  will  be  the  log.  of  a  num-' 
ber  of  seconds,  from  which  subtract  the  above  difference  of  intervals,  the  remainder 
will  be  the  longitude  in  time. 

The  weHem  place  of  observation  corresponds  to  the  greater  interval  if  the  star  1b 
foest  of  the  moon,  the  less  if  east.  If  the  moon  be  observed  on  opposite  sides  of  the 
star,  the  western  place  will  be  where  the  star  is  to  the  westward  of  the  moon. 

EXAMPLE. 

Suppose  that  on  the  4th.  of  July,  1808,  the  interval  in  siderial  time  between  the  transit 
of  the  moon's  western  limb  and  Ant^s,  observed  at  Greenwich,  was  ^  ^'  j  and  the 
Interval  at  a  second  plaoe  was  20^  3" ;  the  increase  of  the  moon's  right  ascension  in  12 
hours  (corresponding  to  the  middle  time  of  the  moon's  transit  by  the  meridians  of  the 
two  places  reduced  to  Greenwich  time,  9h.  26')  being  by  Prob.  11.  Ex.  III.  30^  22".l  the 
«tar  being  to  the  eastward  of  the  moon.  Required  the  longitude  of  the  second  piflide 
jof  observation  7 

iBterval  at  Greenwieb  S2'.  6"       Sid.  (ime 
at  tecood  place  20.  3 

iMff.  of  intervals  2.  S  =  123" 

Var.  D  R.  A.  iQ  12b.  SO*  22".].  In  tlnie=1822".l 
Ctoofltaat  log.  Connected  as  above. 

2925" 
Subtract  diir.  intervals     '  123 

^  ReinalDs  long,  in  time  28()2=46'  42"  W.  from  Greenwicb. 

Thiis  method  of  determining  the  longitude  admits  of  a  very  great  degree  of  accumcy 
on  account  of  the  frequent  opportunities  of  observation.  Other  methods  of  finding  the 
longitude  depending  on  the  same  principles  have  been  proposed.  One  consists  in  ob- 
serving the  apparent  time  of  the  moon's  passing  the  meridian,  and  comparing  it  vrith  the 
time  of  P&Miioff.  observed  at  Greenwich,  or  deduced  from  tiie  Nautical  Almanac,  anil 
faking  &e  difference  of  these  times,  and  saying,  as  the  daUy-  difference  of  the  moon's 
passing  the  ^leridian  (deduced  from  the  Nautical  Almanac  for  the  time  of  observation) 
is  to  360^,  so  b  the  above  difference  to  the  longitude  of  the  place.  Another  method 
consists  in  deducing  the  longitude  from  the  change  of  declination  of  the  moon,  obtained 
from  her  obsenred  altitude  when  on  the  meridian,  and  the  known  latitude  of  the  place 
of  observation,  by  a  method  somewhat  similar  to  the  preceding  ;  but  neither  of  thene 
methods  is  susceptible  of  the  same  degree  of  accuracy  as  that  in  the  above  Problem. 

It  is  not  absolutely  necessary  that  the  same  star  should  be  made  use  of  at  both  pkacM  ; 
for  if  two  stars  be  observed,  whose  difference  of  right  ascension  is  accurately  known, 
that  difllerence  will  be  equal  to  the  interval  of  parsing  of  the  two  stars  to  the  meridian 
in  the  siderial  time,  and  by  applying  this  to  one  of  the  intervals,  the  observations  may: 
be  reduced  to  be  the  same  as  if  one  star  only  had  been  used. 

PROBLEM  XVII. 
Gvoen  the  longitudes  of  the  sun  and  moon,  and  the  moon's  latUude,  to  find  their  ^Kstanee^ 

RULE. — ^Find  the  difference  of  the  two  longitudes,  and  to  its  log.  co-sine  add  the 
log.  co-sine  of  the  moon's  latitude,  the  sum,  rejecting  10  in  the  index,  will  be  the  log. 
cosine  of  the  sought  distance,  of  the  same  affection]  as  the  difierence  of  longitude. 

EXAMPLE. 

July  I6,  )S08,  at  noon  at  Greenwich,  by  the  Nautical  Almanac,  the  sun's  longitude 
was  3s.  23°  40'  24",  the  moon's  longitude  Is.  3^  14'  1',  and  her  latitude  1^  24^  28"  N. 
Required  their  distance  ? 

*  In  eeneral  it  will  be  exact  enough  to  take  the  diflerence  between  the  moon's  R.  A-  marlKed  in  llie 
Kauticd  AlmaiAc  for  tb«  nenrest  noon  and  iitidnifirkt,  hut  when  very  gfreat  accuracy  is  required,  it  may 
he  foind  as  in  Prob.  IT.  Ex.  III.  for  the  middle  tinif  Iwtwe'-n  the  two  transit^  of  the  moon  by  tljc  merj- 
dians  of  the  two  places,  retraced  to  Greenwith  time  byaddin?  the  longitude  If  west,  subtracting  if 
east.  If  alwnlute  accurncv  is  required,  it  would  he  proper  to  notice  the  variation  of  the  moon's  lemi- 
diamater  snd  decUnatfon  between  the  observations,  aleo  tocom^iate  the  effect  of  tlie  variations  of  the 
honry  motion,  noticing  the  higher  order  of  differences,  but  these  circumstances  would  afDxi  (be  resale 
but  very  Uttle 

t  Two  arches  or  an^dea  are  said  to  be  of  the  some  affection  when  they  are  both  grtater  er  Ictk  Itsi  (Mh 
W*,hot  ot  different  affketvm  when  the  oiw  t«  gruderand  the  other  ttM  than  grriiyuzeu  uy  ^j  v^  ^^  l^ 


6(}j}       TO  CAtCULATE  THE  LATITUDE  AND  i:6>r6lTL^PiJ' OF  A  STA^. 


0  Longitude 
ff  Longitude 

I5iff.  loiiff. 
]>  Latitude 


113"  -W  21" 
li3    14     1 


80    26    23 

1    24   28 


co-sine    e.9*«7 


Distance  80    28   SS  co^ne    9.22020 

Tie  same  as  in  the  Piautical  Almanac.  The  distances  being  calculated  from  noun 
and  midnight  by  this  (or  the  following)  Problem,  they  may  be  interpolated  for  every 
3  hours  by  Problem  1.     An  example  will  sufficiently  illustrate  this. 

EXAMPLE. 
GiTCn  the  distances  of  the  sun  ami  moon  in  July,  1808,  at  I5d.  12h.  I6d.  M.  l6d. 
12h.  and  I7d.  Oh. ;  respectively  85-  52'  13"  |  80^  26^  3^'  |  75°  C  44"  |  and  69^  34'  9". 
BeAubred  the  distances  July  Ibd.  at  3h.  6h.  and  9h.  ? 


DisU  0  ^ 
85^  52'.  J  3 
80.  26.  30 
75.  0.  41 
69.  34.  09 
At  2h. 

Second  loni^itude    +    80.  26.  33 
prop,  pwti  A         -i      i.  21.  27.2 
Table  XLV.T  311.  +  .    2,6 


1808,  July 
I5d.  midnigljt 

16  noon 

le    midnight 

17  uoon 


1st  diff. 


—5.     25. 

A.=— 5.    25. 

—5.    26. 


2d.  dfl". 


40  —9 

40  —46 

35  D— — 27i 

AtbTi. 
+80.  26.  S3 
4  A  —  2.  42.  54.5 
T=f.b.        +  3.4 


. 

Al$tu 

+80.35. -W 

1  A              —  4.    4-  21.7 

T=Sh.         +               2^ 

Dist.  at  9h.          76.  ^  14 

l)lstilT!ce  at  3!i.  79.  &    8       Dist.  at  6h.       77.  43.  42 

These  distances  agree  with  the  Nautical  Almanac. 
PROBLEM  X\TIL 
Given  the  Icngihides  and  latitudes  of  the  vioon  and  a  stor,  to  find  their  distance. 

RULE. 
To  the  log.  secant  of  the  difference  of  longitude  of  the  moon  and  star,  rejectii^  10  in 
tk^index,  add  the  log.  tangent  of  the  greater  latitude,  the  sum  will  be  the  log.  tangent 
of  the  arch  A,  of  the  same  affection  as  the  diifiBrence  of  longitude.  Take  tlie  mm  of 
the  arch  A,  and  the  less  latitude,  if  the  latitudes  are  of  a  different  namt,  but  theiriit^^'^ 
aiet  it  of  the  same  name,  and  call  it  the  arch  B.  Then  add  together  the  log.  secant  of 
the  difference  of  longitude,  the  log.  secant  of  the  greater  latitude,  the  log.  cO'Sine  of  the 
arch  A,  and  the  log.  serant  of  the  arch  B^  the  sum,  rejecting  30  in  the  index,  will  be  the 
log.  sceant  of  the  distance  of  the  moon  and  star  of  the  same  affection  as  B. 

EXAMPLE. 
Required  the  distance  of  the  moon  and  the  star  a  Pegasi  at  noon  at  Greenwich,  JuTr 
16,  1808,  when  by  the  Nautical  Almanac  the  moon's  longitude  was  33^  14*  l",  latitude 
lO  24'  28//  N.  and  by  the  explanation  of  Tables  XL.  XLI.  the  longitude  of  the  atBr  cor- 
rected for  aberration  and  equation  of  equinoxes  was  350*^  49'  36'',  and  its  latitude  cor- 
rected for  aberration  19^24/  41'/  N.  ? 
J)'8  loner.  33°  14'     1" 

jl:    long.         350    49   36 


Diff.  lonn^. 
Greater  lat. 

Arch  A 
Lejiscr  lat. 

Arch  B 


42 
19 


25 


54  25 

24  41  N. 

30  45 

24  28  N. 


.^ccant 
tan<j. 


0.13173  . 
P.54701 


.  lO.t.'ilTl 
I0.a254e 


tang.       i3.C7374    co-siac       9,9aHl 


secant      IC.03?62 


DiJStance  D  ifc  45'>  IS'  23"  recant        iai522l 

It  may  be  observed  that  the  log.  secant  of  the  distance  is  also  equal  to  the  snsi  of 
Ike  log.  co-aecant  of  the  greater  latitude,  the  log.  sine  of  arch  A,  and  the  log.  secant  oi 
the  arch  B,  rejecting  20  in  the  sum  of  the  indices ;  but  the  above  rule  is  in  general  the 
most  convenient  on  account  of  the  smallness  of  the  greater  latitude,  except  when  the 
difference  of  longitude  is  nearly  equal  to  90^. 

PROBLEM  XIX. 
Giv^n  the  right  ascension  and  declination  of  a  celestial  object,  with  the  vieaa  Mtqitatt'  ef 
the  ecliptic  E,  tofmd  its  longitude  and  lalUnde. 
RULE. 
To  the  log.  tangent  of  the  declination  add  the  log.  co-secant  of  the  right  ascenaon  of 
the  t>bjcct,  the  sum,  rejecting  10  in  the  index,  will  be  the  log.  tangent  of  Ihe  arch  A,  to 
be  taken  out  less  than  90^,  and  called  n<yrth  or  smith  as  the  declination  is.     If  tht  r^t 
ascension  is  less  than  180°,  call  the  obliquity  of  theecilptic  aotdh,  if  aiwve  l&P,  nfirth. 
Jf  A  and  E  arc  of  the  same  name,  take  their  sum,  otherwise  th#ir  difier«ncey  which 
call  B,  and  mark  it  with  the  same  name  as  the  greater  number,  whether  N.  or  SL    Then 
add  together  the  log.  secant  of  A,  the  log.  co-sine  of  B,  and  the  log.  tangent  of  tbe 
*»eht  a8cen8ion>  the  sum,  rejecting  20  in  the  index,  will  be  the  log.  tangent  of  HieVsn- 
ludc  in  the  same  quadrant  as  the  right  ascension,  nnless  B  be  greater  Ihm  90*,  in 
•eh  case  the  quantity  found  in  the  same  quadrant  as  the  right  ascension,  subtraf  t's! 
1  %0  V-will  .be  the  longitude. 


TO  CALCULATE  THJS  I^ATIXUDE  AKD  i-QMClXtDK  OF  A  SXAE.       "QQ? 


T«  the  log.  sme  of  tiie  longitode  add  the  loc.  tangent  of  B,  the  earn,  rejecting  10  id 
ihe  indes,  ivUl  be  the  log.  tangent  of  the  latitude  of  the  same  name  as  B. 

Rtmark,  As  the  Tables  of  this  collection  are  not  marked  abore  180^,  you  must 
subtract  180^  from  the  right  ascension  when  it  exceeds  that  quantity,  and  find  the  log. 
.  tangent  and  log.  co-secant  of  the  remainder ;  and  then  the  arch,  corresponding  to  the 
log.  tangent  of  the  longitude,  is  to  be  taken  of  the  same  affection  as  this  remainder,  and 
iSO^TftSded  thereto,  the  sum  will  be  the  longitude,  unless  B  is  greater  than  90^,  in 
Tf  hich  case  the  supplement  of  that  sum  to  360^  is  to  be  taken  aa  obserrcd  above. 

EXAMPLE. 

By  Table  VIII.  the  right  ascension  of  a  Pegasi,  July  16,  1808,  was  22h.  fi5'14"=: 
M3P  4Sf  30",  and  its  declination  i4<^  W  N.  the  mean  obUquity  of  the  ecliptic  23^  %V 
47'^    Required  its  longitude  and  latitude  ? 

PecMn,    14«  11'     Oh.        tang.        9.40266 

R.A.      343    48    30  co-sec.   10.554G2       tang.  9.46295 


42    11    12  N. 

23    27    47  N. 


tang. 


^    38    69  N. 

Longitude  350«  49'  19" 


sec.         ]o.iso:o 

co-sine        9.61522     tang.    10.S4131 
taii^.  9.20837      sine       9.20277 


Lat.   19"  24' •SI"  N.    tang.     9.64709      « 

PROBLEM  XX. 

THe  Ungitude  and  latitude  of  a  celestid  object  being  given,  with  the  mem  obUqidiy  of  tUn 

ecliptic  E,  to  find  the  right  ascension  and  declination. 

RULE. 

To  the  log.  tangent  of  the  latitude  add  the  log.  co-secant  of  the  longitude,  the  SQin, 
rejecting  10  in  the  index,  will  be  the  log.  tangent  of  the  arch  A,  which  is  to  be  called 
W>rth  or  south  aa  the  latitude  is.  If  the  longitude  is  less  than  180^,  call  the  oUiqaitj 
K  north;  if  aboT«  180^,  south.  If  A  and  E  are  of  the  same  name,  take  their  sum, 
othMwise  their  (Hfference,  which  call  B,  marking  it  with  the  same  name  as  the  greater 
number.  Then  add  together  the  log.  secant  of  A,  the  log.  co-sine  of  B,  and  die  log. 
tangent  of  the  longitude,  the  sum,  rejecting  20  in  the  index,  will  be  the  leg.  tangent  of 
the  right  aseensionin  the  same  quadrant  as  the  lon^tude,  unless  B  be  greater  than  90^,  ,• 
In  which  case  the  quantity  found  in  the  same  quadrant  as  the  longitude,  subtracted  frsyi 
360^,  will  be  the  right  ascension.  .     . 

To  the  log.  sine  of  the  right  ascension  add  the  log.  tangent  of  B,  the  sum,  r^ecting  ^^^ 
10  in  the  index,  will  bo  the  log.'  tangent  of  the  declination  of  the  same  name 'as  B. 

Remark,     If  t}ie  longitude  exceeds  180^  you  must  subtract  180*^  from  it,  and  find  tho 
log.  tangent  and  log.  co-secant  of  the  remainder.    The  arch  corresponding  to  the  log. 
t!in<|;ent  of  the  right  ascension  is  to  be  taken  of  the  same  affection  as  this  remainder,  and 
180^  added  thereto  will  be  the  right  ascension,  unless  B  is  greater  than  90^,  in  which^ 
rase  the  supplement  of  that  sum  to  360"^  is  to  be  taken  as  was  observed  above. 

EXAMPLE. 

By  Table  XXXVII.  the  mean  longitude  of  a  Pcgiisi,  July  16,*  1808,  was  350^  49^  11"^. 
its  latitude  19^  24' 47"  N.  and  the  mean  obliquity   of  the  ecliptic  23'^  27' "47".     Re- 
quired its  right  ascension  and  declination  ?  •* 

lat.  IS"  24'    47"  N  tang^.  9.54706 

long.      350    49    11  co-sec        10.79712       tang.       9.20217  '  # 


A  65   38    34  N. 

E  23    27    47  S. 


tanj^. 


42    10    47  N. 
Right  ascension    343<>  4S'  28' 


cb-sinc    9.20931        ting.  9.?o7I3 


tanff,        9.46297        sine 


9.44oS9 


Declination    14»  10'  50"  N.  tang.         9.40257 

If  the  giren  longitude,  latitude,  and  obliquity  are  the  mean  Talues,  the  resulting  right 
Ascension  and  declination  will  be  the  mean  values,  but  if  the  proposed  quantities  aie  cor- 
rected for  aberration  and  nutation,  the  resulting  quantities  ivill  abo  be  corrected.  This 
remark  is  equally  applicable  to  the  preceding  Problem. 

SPHERIC  TRIGONOMETRY. 
Most  of  the  rules  given  in  the  preceding  Problems  may  be  easily  deinonatratod  by 
Spheric  Trigonometry.  As  for  example  that  of  Problem  XVII.  may  be  investigated  as 
follows.  In  Plate  XII.  Fig.  1,  let  A  be  the  place  of  the  moon,  C  that  of  the  sun,  CP 
an  arch  of  the  ecliptic,  and  AP  a  circle  of  latitude  passing  through  the  moon  and  cutting 
the  ecliptic  at  right  angles  at  P.  Then  the  difierence  of  longitude  of  the.sun  and  mooff 
is  equal  to  the  arch  CP,  and  the  moon's  latitude  is  AP,  whence  the  distance  AC  may  be 
found  by  the  rule  of  Napier,  radhis  X  co-s.  AC  =^  co-a.  AP  X  co.s.  CP.  '■lis  in 
logarithms  gives  log.  co-a.  ACt=log.  eo-s.  AP-|-log.  co-s.  CP — log.  radiUh,  which  U 
the  fomula  made  use  of.  Want  of  room  prevents  the  insertion  of  the  demon^^' 
tions  of  the  methods  of  calculating  the  other  Problems.        ''       .    ,% 


<»08  T^HHERIC   XRLCONOMfcTRZ. 

The  celebrated  niles  giren  by  Lord  Napier  for  solving  the  probkms  of  Rigbt-Augl^A 
Spheric  Trigonoinetry  being  very  easily  remembered,  are  much  made  uae  of  by  mathe^ 
Biaticiana.  In  a  paper  communicated  by  the  author  of  this  work  to  the  American  Aca- 
demy of  Arts  and  Sciences,  and  published  in  the  third  volume  of  the  memoirs  of  that 
society,  a  method  was  given  for  the  more  easy  application  of  those  rules  to  oblique  Sphe- 
ric Trigonometry,  and  as  the  tables  of  this  collection  may  sometimes  be  made  use  of  in 
Aolving  various  problems  of  Spherics  besides  those  given  in  the  former  part  of  this  work, 
it  wa«  thought  proper  to  insert  this  improved  method,  with  the  formulas  most  firequeoUy 
vade  use  of,  to  enable  any  person  acquainted  with  Spheric  Trigonometry  to  m^ce  use 
•f  the  tables,  without  the  trouble  of  referring  to  another  work,  for  the  roles. 

In  every  Right-angled  Spheric  triangle  there  are  five  circular  parts ;  namely,  the  two 
legs,  the  complement  of  the  hypotenuse,  and  the  complements  of  the  two  oblique  angles, 
which  are  named  adjacent  or  opposite,  according  to  their  positions,  with  respect  to  eadi 
other.  The  right-angle  is  not  included  as  one  of  the  circular  parts,  neither  is  it  sup- 
posed to  separate  the  legs.  In  all  cases  of  rigiil-angled  Spheric  Trigonometiy,  two  of 
these  parts  are  given  to  find  the  third.  If  the  three  parts  join,  that  which  is  in  the  mid- 
dle is  called  the  middle  part ;  if  they  do  not  join,  two  of  them  must,  and  the  other  part 
which  is  separate,  is  called  the  middle  part,  and  the  other  two  opposite  parts,  as  in 
^late  XII.  fig.  1,  2.  Then  puttmg  the  radius  equal  to  unity,  the  equations  g^Ten  by 
jNapier  will  become 

Sine  of  middle  part  =x  Rectangle  of  the  tangents  of  the  adjacent  parts. 
=  Rectangle  of  the  co-sines  of  the  opposite  parts. 
The  method  of  applying  these  solutions  to  the  various  cases  of  Right-angled  Sphetic 
Trigonometry  b  very  simple,  and  is  explained  in  several  treatises.     To  apply  the  me- 
thod to  Oblique-angled  Spheric  Trigonometry,  it  is  necessary  to  divide  the  triangle  into 
tiro  right-angled  spheric  triangles  by  means  of  a  perpendicular  AP  (Plate  XII.  fig. 
3, 4,  5, 14.)  let  fall  from  the  point  A  upon  the  opposite  side  BC  :  the  perpendicular  being 
60  chdieD  as  to  make  ttco  of  the  given  things  Jail  in  one  of  the  right'Ongled  triangles^  or 
in  other  words  the  perpendicvlar  ought  to  be  Let  fall  from  the  end  of  a  given  sitie  andopf^ 
site  to  a  given  angle.*     Each  triangle  thus  found,  contains,  as  above,  fire  circular  parts, 
the  perpendicular  being  counted  and  beai-ing  the  same  name  in  each  of  them  :  conse- 
quently the  parts  of  each  triangle  similarly  situated  with  respect  to  the  perpendicular, 
must  have  the  same  name.      In  every  case  of  Oblique-angled  Spheric  Trigonometry, 
there  are  three  parts  given  to  find  a  fourth,  and  in  making  use  of  the  method  of  a  so- 
Hition  by  means  of  the  perpendicular,  there  will  in  general  be  two  of  these  parts  in 
'  each  of  the  triangles  ACP,  ABP,  similarly  situated  with  respect  to  each  other.     To 
'  each  of  these  must  be  joined  the  peq>entlicular  AP,  and  there  will  be  three  parts  in  eacfe 
triangle,  which  are  to  be  named  middle,  ndjacent  or  oppfrnte,  according  to  the  above  di- 
rections.    Then  the  equations  for  solving  all  the  cases  of  Right-angled,  and  all  except 
two  cases  of  Oblique-angled  Spheric  rrigonometry  are, 


1 .  Shu  middle  part      \  =  \  J,""^'""  / '*'  '"'■''^f"'  l"-'^'^ 
'^  (  ^  )  Co-sin«  of  the  opposite  parts. 


.  '  "These  equations,  when  applied  to  right-angled  spheric  triangles,  signify  as  before, 
*^  that  the  sine  of  the  middle  part  is  equal  to  the  rectangle  of  the  tangents  of  the  adjacent 
parts,  or  to  the  rectangle  of  the  co-«incs  of  the  opposite  parts  but  when  applied  to  an 
oblique-angled  triangle,  they  signify,  that  the  sines  of  the  middle  parts  are  proportional 
to  the  tangents  of  the  adjacent  parts  ;  or  that  the  sines  of  the  middle  parts  are  pro- 
portional to  the  co-sines  of  the  opposite  parts  of  the  same  triangle  ;  observing  that 
the  perpendicular  being  common  to  both  triangles  APB,  APC,  and  bearing  the  same 
name  in  each  of  them,  must  not  be  made  use  of  in  the  analogies,  nor  counted  as  ft 
middlipart  This  can  produce  no  embarrassment,  because  the  cases  of  Oblique  Spheric 
"trigonometry  may  in  general  be  solved  in  the  shortest  manner  without  calculating  the 
perpendicular. 

The  first  case  not  included  in  the  above  rules,  is  where  the  question  is  between  two 
sides  and  the  opposite  angles,  which  may  be  solved  by  the  noted  theorem,  that  the  sines 
of  the  sides  are  proportional  to  the  sines  of  the  opposite  angles,  or  as  it  may  be  express- 
ed in  an  abridged  form  or  more  easy  reference. 

2.   Sin*  side  CX  sineopp.  angle. 

This,  combined  with  the.  above  improved  formula,  furnish  a  complete  solution  of  the 
Tarious  cases  of  Spheric  Trijjonometry,  except  where  three  sides  are  given  to  find  an 
angle,  or  (which  is  nearly  the  same  thing,  by  taking  the  supplementary  triangle) 
three  angled  to  finri  a  side.      The   above  inilcs  marked  (1,)  (2,)  are  simple  in  their 

•  Whi-n  tliis '-an  »»f  ilone  in  tuo  «li(JVren'  u  ays  (as  in  <>?:«'»  II.  IV.)  il    will  pcnerHlW   pr^Hluce  ibe 
^  shorten  «t)lnikii.  to  make  use  of  thii  ppr^eudi- lilar  whicb  (iocs  nol  divide  'he  reguind  angle  orfk.»« 
into  sepiTipnts. 

t  It  will  he  of  roiwiderable  a<Ri*tnncf  in  nTncmbiTlnff  tbov  nil<^  lo  note  that  llie  second  ]etf#*r*  M 
the  iMn4«  tangent  nnd  co-sinf  nre  iIjp  saim?  »s  ilip  firsi  letters  of  niljnrtnt  nn'l  oppofit*. 

*•  '  uiyiLizt;u  uy  "v^"  v_/ v^ pt  ix^ 
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form,  and  the  first  varies  but  little  from  that  made  use  of  by  Napier,  so  that  it  is  ex- 
tremely easy  to  remember  them.  The  case  not  included  in  these  rules  may  be  solved 
by  one  of  the  formulas  of  case  V.  or  VI.  which  may  be  committed  to  memory  with  little 
trouble.  To  illustrate  these  rules,  the  following  examples  are  given,  which  include  aU 
the  cases  of  Oblique  Spheric  Trigonometry. 

CASE  I.  PLATE  XII.  Fig.  3,  4,  5,  14. 
Otven  AB^AC,  and  the  (ypposite  angle  C,  tojind  BC  and  the  angles  A,  B, 
In  the  right-angled  spheric  triangle  APC  are  given  AC  and  C,  and  by  marking  it  as 
in  fig.  2,  CP  may  be  found  by  the  rules  9hie  mid,=tang.  adj.  which  gives  sine  (co.  C)ss: 
tang.  CPXtang.  (co.  AC,)  or  tang.  CP=co-s.  CXtang.  AC*  Then  in  the  trianglM 
ABP,  ACP  arc  given  AB,  AC  and  CP  to  find  BP.  If  to  these  is  joined  the  perpendicu- 
lar AP  it  will  be  found  that  in  the  triangle  ACP  the  complement  of  AC  is  the  middle 
part  (as  in  Fig.  3),  and  CP  an  opposite  part.  The  triangle  ABP  is  to  be  marked  in  a 
similar  manner.  Then  the  rule  sine  mid.  OC  co-s.  opp.  gives  sine  (co.  AC)  :  co-s.  CP ; : 
sine  (CO.  AB) :  co-s.  BP,  and   BC=BP-fCP.    By  marking  the  segments  as  in  Fig.  4^ 

the  rule  sine  mid.  ex  tang.  adj.  gives  sine  CP :  tang.  (co.  C.)  :  ;  sine  BP  :  tang.  (co.  B.) 
Having  found  BC,  the  angle  A  may  be  found  by  the  rule  sine  side.  <x  si'ie  opp,  mgU 
Vhich  gives  sine  AB  :  sine  C  : :  sine  BC  ;  sine  A. 

OthcrwUe—U  the  side  BC  is  not  required,  the  angles  A,  B,  may  be  found  m  the  fol- 
lowing manner.  The  rule  sine  inid.=tang.  adj.  gives  by  marking  aa  in  Fig.  1.  sine 
(CO.  AC;=tang.  (eo.  C)Xtang.  (co.  CAP)  or  cot.  CAP.=(?o-s.  ACXtang.  C,  aad  by 
marking  as  in  Fig.  6,  the  rule  (sine  mid.  oc  tang.  adj.  or)  tang.  adj.  oc  «»«  »"«'•  gi^cs 
tang.  Tco.  AC)  :  sine  (co.  CAP)  :  :  tang.  (co.  AB)  :  sine  (co.  BAP,)  then  A=: 
BAP+CAP.    By  marking  the  segments  as  in  Fig.  14,  the  rule  (sine  mid.  oc  co-ff. 

CO 

opp.  or)  cths.  opp.  oc  sin.  mid.  gives  co-s.  (co.  CAP) :  sine  (co.  C)  :  :  eo4.  (co.  BAP) ; 
sine  (co.  B)  or  sine  CAP :  co-s.  C  :  :  sine  BAP  :  co-s,  B.  Having  A,  C,  and  AB,  BC 
may  be  found  by  the  rule  sine  side  OC  sine  opp.  angle,  which  gives  sine  C  :  sulit 
AB  ;  :  line  A  :  sine  BC.  .  * 

'  CASE  II.     Fig.  3,  4.    Plate  XII. 

Given  AC,  BC  and  the  included  angle  C,  to  find  AB^  and  the  angles  A,  B, 
The  rule  sine  mid.— tang.  adj.  gives  as  in  Case  I.  tang.  CP=co-s.  CXtang.  AC,  theo 
BP=BC4-CP  and  the  rule  co-s.  opp.  ex  sine  mid.  gives  by  marking,  as  in  Fig.  3.  oo-3. , 

CO 

CP  :  sine  (co.  AC)  :  :  eo-s.  BP  :  sine  (co.  AB,)  and  by  marking  as  in  Fig.  4,  the  nde 
sine  mid.  oc  ^ong^  •dj.  gives  sine  CP  :  tang.  (co.  C)  :  :  sine  BP  :  tang.  (co.  B.)     Hav- 
ing (bund  AB  we  may  find  A,  by  the  rule  sine  side  oc  sine  opp.  angle^  which  giv;e8    ^ 
sine  AB  :  sine  C  :  :  sine  BC  :  sine  A. 

If  the  angle  A  had  been  required  and  not  B,  it  would  haxe  been  shorter  to  let  the  •' 
perpendicular  fall  upon  the  point  B,  by  which  means  the  required  angle  A  would  not  be 
divided  into  segments.     In  this  case  the  side  AB  and  the  angle  A  might  be  found  in  a  «. 
similar  manner  to  that  by  which  AB  and  B  are  found  above. 

CASE  HI.     Fig.  3,  4,  5,  14.     Plate  XII. 

Given  the  angles  B,  C,  and  the  opposite  side  AC  to  fin i  BC,  AB,  and  the  angle  A. 

The  rule  sine  mid.  oC  ^^'^g*  o^?-  &^^^  *®  *^  ^^®  ^*  ^^^^n'  CP=co-8.  C  X  tang.  AC 
Then  the  rule  tang.  adj.  oc  sine  mid.  gives,  by  marking  as  in  Fig.  4,  tang.  (co.  C.) : 
sine  CP  :  :  tang.  (co.  B)  :  sine  B  P,  then  BC=^CP-f-BP.     Again,  the  rule  co-s.  opp,  qt 

CO  '' 

sine  mid.  gjivcs  by  marking  as  in  Fig.  3,  co-s.  C  P  :  sine  (co.  AC)  :  :  co-s.  B  P  :  sine 
(CO.  AB.)  Having  found  BC,  the  rule  sine  side  oc  sine  opp.  angle,  gives  sine  AC  : 
sine  B  ;  :  sine  BC  :  sine  A. 

Otherwise — The  rule  sine  mid.— tang.  adj.  gives  as  in  Case  I.  cot.  CAP=co-s.  ACX 
t&ng.  C,  and  the  rule  sine  mid.  oc  co-s.  opp.  gives  by  marking  aa  in  Fig.  14,  sine  (go. 
C.)  :  co-s.  (co.  CAP)  :  :  sine  (co.  B)  :  co-s.  (co.  BAP)  or  eo-s.  C.  :  sine  CAP.  :  :  co-s. 
B  :  sine  BAP,  and  A=CAP-f-BAP.    Then  the  rule  sine  mid.  oc  l<'ng.  adj.  gives  by 

CO 

marking  as  in  Fig.  5,  sine  (co.  CAP)  :  tang.  (co.  AC)  :  :  sine  (co.  BAP)  :  tang.  (eo. 
AB.)  Having  found  A  the  rule,  sine  side  oc  sine  opp.  angle  gives  sine  B  :  sine  AC 
:  :  sine  A  :  sine  BC. 

*  In  putting  this  or  any  sitaUar  expression  in  lagaritUm«,  tha  radius  must  be  nct^lertcd  fiA  (lie  Sum  of 
Wie  (w  u  iojarithms  of  tile  second  numlMT. 
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APPENDIX  TO  THE  SIXTH  EDITION. 

ON  FINDING  THE  LATITUDE  BY  TWO  ALTITUDES. 


SINCE  the  ^art  of  UiU  work  for  the  finding  the  Latitude  by  two  altitudes  was  in  tl|e 
press,  the  following  Table  XLVIII.  has  been  computed,  by  means  of  which  the  conpee- 
tion  of  either  one  of  the  observed  altitudes  can  be  computed  for  the  change  of  declina- 
tion of  the  observed  object  during  the  elaped  time  between  the  observations,  and  thus 
the  Problems  of  double  altitudes  of  the  sun,  moon,  planet,  or  filed  star,  can  be  reduced 
to  the  case  of  the  declination,  being  invariably  the  same  as  at  the  time  of  the  obsenra- . 
tion  of  the  altitudes  which  is  not  corrected,  and  then  the  Problem  comes  under  the  jirst 
(or  second)  method  of  solution,  which  is  much  more  simple  and  free  from  cases  than  the 
^neral  solution  by  the  third  method,  litis  process  of  correcting  the  altitude  is  some- 
what simUar  tothat  before  taught,  for  making  allowance  for  the  run  of  a  ship  during  the 
time  elapsed  between  the  observations ;  and  the  same  altitude,  which  is  corrected  for  the 
run  of  die  ship,  can  also  be  corrected  for  the  change  of  declination.  Thb  method  of 
correcting  one  of  the  altitudes  is  particularly  applicable  to  the  case  where  both  observa- 
tions are  made  on  the  same  heavenly  body,  and  the  declination  does  not  yaiy  but  few 
minutes,  or  in  extreme  cases  more  than  one  or  two  degrees  ;  but  the  same  process  may 
be  used  when  two  ^erent  objects  are  observed,  provided  their  declinations  are  neailf 
equal,  or  do  not  difler  more  than  one  or  two  degrees. 

As  either  one  of  the  altitudes  may  be  corrected,  the  Problem  admits  of  two  difoent 
ways  of  solution.  For  the  sake  of  precision,  the  altitude  which  is  selected  to  be  correct- 
ed, will  be  ealled  the  first  aUUude ;  and  the  corresponding  declination,  the  first  deeHnaUon ; 
the  other  altitude,  which  is  not  corrected,  will  be  called  the  second  idtitude^  and  the  cor- 
responding declination,  the  second  decUnatiotu  These  terms,  first  and  seeond,  haTing  no 
reference  to  the  order  in  which  these  observations  are  taken,  since  the  altitude  here  de- 
fined as  ihtfirst  tdtUude,  may  be  actually  observed  either  before  or  after  the  other  obser- 
iration 

The*  proposed  table  gives  for  various  decUnations,  altitudes,  and  latitudes,  the  change 
of  XhB  first  aUUude^  corresponding  to  a  variation  of  100^  in  the  first  dedmaUon,  Thus,  with 
the  latitude  50^  N.  the  sun's  altitude  30",  and  the  declination  14^  N.  the  Table  gives 
77"  for  the  variation  oC  that  altitude  arising  from  a  change  of  1(K>"  in  the  declination,  if 
the  actual  change  of  declination  Is  greater,  or  less  than  100"  the  tabular  number  77'' 
must  be  increased  or  decreased  in  the  same  proportion.  Thus,  if  the  change  of  declina- 
tion be  200",  the  change  of  altitude  will  be  200^  X  ^  =  154".  If  the  change  of  decli. 
nation  be  6(/',  the  change  of  altitude  will  be  60^'  X  ^^  »  46'.  The  coirection  ef  this 
first  ttUUuHe  having  been  found,  it  is  to  be  applied  to  the  first  altitude,  corrected  as  usual, 
for  dip,  refraction,  semi-diameter  and  parallax,  and  the  corrected  first  altitude  will  be  ob- 
tained, such  as  it  would  have  been,  if  the  decliiaation  at  the  time  of  observing  that  alti- 
tude had  been  equal  to  the  second  dedinaUon,  With  this  correeted  fivst  altitude,  the 
second  altitude  and  second  declination  without  correction,  and  the  observed  elapsed  time, 
or  hour  an^,  the  computation  of  the  btitude  may  be  nade  by  the  First  Methodt  eicplaiued 
in  page  133. 

This  Table  is  calculated  for  every  flP  of  declination,  finom  0^  t«  26o  If  the  cMtoge 
of  declination  is  not  very  great  during  the  elapsed  time,  it  will  in  general  be  sufficiently 
exaet  to  enter  the  table  with  the  nearest  declination,  and  take  proportional  parts  for  the 
degrees  of  altitude  and  latitude.  The  latitude  by  aecount  is  to  be  used  in  finding  the 
numbers  from  this  table,  It  being  sufliciently  accurate,  since  an  error  of  1^  of  latitude 
rarely  produces  more  than  2^  change  in  the  nombers  of  the  Table.  Suppose  now,  that 
the  tabular  number  was  required,  when  the  latitude  was  37°  N.  ihe  first  altitude  2S9  ,the 
tfiist  declination  6P  25'  S.  In  thia  case,  using  the  declination  GP,  and  the  alt^de  20^, 
he  tabular  numbers  corresponding  to  the  latitudes  30^  S.  and  40°  S.  are,  respectively, 
i>7"  and  73",  whose  dlflbrenee  le'^epnefoonds  to  a  change  at  ia»  of  latitude,  and  hy 
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proportion,  the  change  corresponding  to  T^  of  latitude  is  16"  X  ^*^  =  ir.2,  this  i 
to  57",  gives  the  conection  corresponding  to  the.  altitude  20^  and  tiie  latitude  37^  S. 
equal  to  ^',%.  Repeating  now  the  same  operation  with  the  altitude' 30^,  the  two  tabu- 
lar numbers  are  64"  and  81",  whose  difference  \7'  multiplied  by  _\  gives  11''.9  Co  be 
added  to  64''  to  get  75".9,  the  correction  corresponding  to  the  altitude  30^  and  the  lati- 
tude 37°  S.     r         "  .       .        •  .._..__  ««r^  .    ^o   .. 

changes  from  i^ 
corresponding  i 

nearly.  This  added  to  68".8  gives  74".4,  for  the  tabular  number  corresponding  to  Che 
dccKnation  fp^  the  altitude  28^,  and  the  latitude  37^  S.  If  the  same  calcvlation  be  re- 
peated, using  the  declination  8^,  the  tabular  number  will  be  7^'.3  instead  of  14!*, A^  m- 
cieasing  only  l".8  for  an  increase  of  2^=120'  in  the  declination,  and  the  conespondiBg 
correction  for  the  25'  of  the  first  declination  is  J''.S  X  i^o  =  0*^4,  nearly.  This  added 
to  76''.2  gives  the  correct  tabolar  number  76".6,  or  77"  nearly,  corresponding  to  the  pro- 
posed latitude,  37^  S.  altitude  28^,  or  declination  6^  25'  8.  Thar  comctwn  Air  the 
minute  of  declination  is  in  this  case  small,  and  in  general  it  will  be  so*  and  when  tbe 
change  of  declination  during  the  elapsed  time  is  only  a  few  mhmtes,  itwillbesufficientlj 
exact  to  take  out,  as  was  directed  above,  the  numbers  corresponding  to  the  nearest  de- 
clination in  the  table.  As  there  is  nothing  peculiar  in  this  method  of  finding  the  cofw 
rections  for  the  intermediale  degrees  of  altitude  and  latitude  (several  tables  in  the  work 
having  been  arranged  upon  a  somewhat  similar  plan)  it  will  not  be  necessary  to  go  into 
any  further  detail  relative  to  the  manner  of  finding  the  number  from  the  table  corres- 
ponding to  any  proposed  declination,  altitude  or  latitude.  The  use  of  these  numbers  m 
finding  the  correction  of  the  first  altitade,  is,  for  the  sake  of  easy  reference,  drawn  up  ia 
the  following  rules. 

RULE. 

1.  Ifikt  hoo  deeUnaiioni  <tre  of  the  same  name,  taJ;e  their  difference;  if  they  &re  of  differ- 
ftU  namesy  take  their  stem,  and  this  d^erence,  or  Bum,  will  be  the  change  ofdedbutUm  cer- 
retpondUig  to  the  two  observatiimSf  or  two  objects. 

2.  fhui  in  Table  XLVIIl.  the  number  corresponding  to  the  first  tfecIuiaXteA,  the  firti 
altitude,  <md  the  laHtude  by  account.  Multiply  this  by  the  chanf^e  of  declinaiimij  in  seemdt, 
between  the  two  observations;  the  product,  rejecting  the  two  right  hand  figures^  wOl  be  ike 
number  qf  seconds  to  be  applied  to  the  first  aUUude^  with  the  same  sign  asm  the  taUe^*  if 
at  the  second  observation,  the  object  is  nearer  to  the  elevated  pole  than  at  the  first  ohservatim^; 
but  wUh  a  different  sign  from  tfie  Table,  ^  at  the  second  observation,  the  object  is  farther  fiym 
the  elevated  pole  than  at  the  first  observatunu 

Thus,  in  the  above  example,  where  the  tabular  correction  was  77'',  if  the  second  alti- 
tude was  48*^  nnd  the  second  declination  6^  16^  S.  which  is  10'  or  ewf  less  ihantbe/irsC 
declination  6^  25'  S.  the  product  of  600"  by  77  (rejecting  the  two  right  hand  figures)  is 
462 '  x=  7'  42'',  being  the  correction  to  be  added  to  the  first  altitude  fSP,  ma«t*g  n 
28'^  7'  42",  because  the  second  declination  is  nearest  to  th^  elevated  pole.  If  Che  second 
declination  had  been  6^  35^  S.  instead  of  6^  15'  S.  the  correction  7' 43"  wooM  be  sirib- 
tractive,  making  H  27°  52'  18^. 

It  may  be  observed,  that  the  method  of  correcting  One  of  the  altitudes  does  not  dUertks 
horary  angles  in  any  way  whatever,  and  the  regulation  of  the  watch  used  in  the  obeervaCioB 
is  calculated  in  exactly  the  same  manner  as  if  the  correction  had  not  been  mtdf,  and 
whichever  altitude  is  corrected,  the  result  will  berery  nearly  t-:e  same ;  a  difierenceof  a 
few  seconds  will  sometimes  be  found,  owing  to  the  small  quantities  neglected. 

To  illustrate  this,  the  following  examples  are  given. 

EXAMPLE  I. 

The  sun's  correct  central  altitude  was  32^  25^,  his  declination  J7^  N.  Eight  hoiit» 
afterwards,  by  a  watch,  his  correct  central  altitude  vras  30^  B'  and  dec&ialion  1^  55'  N. 
•Required  the  latitude,  supposing  the  latitude  by  account  53^  SC  N? 

The  tabular  correction  corresponding  to  the  first  altitude  32^  25',  dedkiatioa  17^  N. 
and  latitude  by  account  53^  20^  N.  is  80".    Multiplying  this  by  the  difoenee  of  the  de^ 


the 


*  The  signs  in  the  Table  are  posidve  except  In  a  few  places  between  Ibe  tropes.  In  all  cans 
le  ironies,  when  the  4ifttance  from  ifae  elevated  pole  ckcrMnn,  the  altitude  to  fo  be  tm»«cMrf.  and  v.»«.  »c 
polar  distance  ivertaset,  the  altitude  b  to  1m  Aertmed,  The  oontraiT  takes  nlace  hi  tb«ie  latll«le>  betmsa 
the  tropics  wliero  the  Ubular  numbers  have  the  sl^  —  prefixed.  It  maj  also  be  observed,  that  the  labskr 
number,  co(»iespp«din{r  to  any  possible  situation  of  the  object,  eanoot  exceed  fOO"  ;  it  wu  however  ftsnA 
eonvenient  to  ini^rt  a  few  numbers  eiceeding  100",  for  tiie  purpose  of  flndter  SMte  aecwvtelv  tb»  ffv- 
portiooal  parts  for  the  iiitermcdinre  degrees  of  aUltude  or  Jatiiude  cvnesptfbdhif  to  pmrfble  cm. 
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clinatioB  170—16°  5^'  «=  5'  =»  300^,  the  product  frejecting  the  two  right  hand  figures) 
n  S4<K.  00  s  4^  the  correction  of  altitude.  Tbit  is  to  be  subtracted  from  32^  25^  be- 
cause the  sun  recedes  from  the  elevated  pole,  while  the  declination  changes  fVom  l7-~  N. 
to  16^  Sy  N.  therefore  the  corrected  first  altitude  is  32^  21'.  Using  this  with  the 
second  altitude  30°  S'  the  second  declination  16°  55',  aod  the  elapsed  time  8  hours,  the 
calculation  may  be  thus  made  by  the^irir  method,  as  follows — 


CoL 
Btapted  time    8fa.  [P.  U.I 

.  1. 

co-iec  ia06247 
sec.      10.01 921 

cofec  IOJM108 

Col.  2. 

Col.  3. 
•   .   •    •    «    ■    on-sec. 

1053614 

A 

eo-sina    a748l2 

on-fline 

9.74S12 

*  Sum  Alt'*.    31  141 

co-sine  8.93196 
sine       fl.28C60 

oo^sec    1028513 
fioc        1000008 

B 

S|0  18'  K.             eo-iec. 
[Bleu  than  90*  named 

1028436 

|Diff.AIt'8.      1    6| 

asdecL] 

C.              1    9 

sine       8^0014 

ee-«ine    9.99991 

eo-ilne 

ag999i 

(^  lets  than  BOO  aamed  a^bearlugor  zenith.] 

z  sec.   loosaasl  z 

22    8N.     _ 

E 

53  26  N.              sine 

ago480 

Latitude 

53  35  K.               siM 

9J1047I 

As  it  is  entirely  arbitrary  which  altitude  is  considered  as  the  firslt  or  the  one  to  be 
eorrectcd,  it  may  not  be  amiss  to  repeat  the  operation,  considering  30^  8'  as  the  firxt  al* 
titade,  and  16"^  55^  as  the  jirsf  declination.  The  tabular  number  corresponding  to  these 
quantities,  and  the  latitude  by  account  is  79^'  which  multiplied  by  the  change  St  decUnA- 
tioQ  300^  (rejecting  the  two  right  hand  figures)  is  237^'  s=  3'  57"  or  4'  nearly.  This  if 
to  be  added  to  30^  S'  to  give  the  corrected  first  altitude  30°  IS',  because  the  Sun  ap» 
proickes  the  elevated  pole,  while  his  declination  changes  from  16^  55'  to  17°.  Assuming, 
therefore,  the  corrected  ^irjl  altitude  as  30°  12',  the  second  altitude  32°  25^,  the  second 
decli nation  corresponding  thereto  17°  N.  and  the  elapsed  time,  as  before,  8  hours,  the 
calculation  may  be  then  made  as  follows — 


Col.  1. 

Elapsed  time    8b.  [P.  M]    co-sec.  10.0^47 
I>ecU0adna    tio       N.        «cc.       1001940 


co-sec.  104)8187 
co^ne  flJ3l65 
sine  8.28650 
sine     "ksOOOi 


Col.  2. 


Col.  3. 


^  Sam  Alt's.    6lo  is^ 
k  Wi*  All's.      1      6^ 
O  1      9 


• 

.    MMSC.   I0JO406 

9.74350 

oo-slne    9.74850 

liO.28429 

B 

810  2rN. 
(Bless  thai 

en-sec  10.2825G 

10.00008 

i90«  named  asded.] 

9i»99l 

Z 

81    59  N. 

engine    0.90991 

IO0337B 

Latitude  E 

68    26  N. 

sine        9.90480 

58    85K. 

sine        a90471 

(Z  less  than  909  like  l»earlng  of  tenith.]  sec 


So  that  the  latitude  is  exactly  the  same  by  bo^h  methods. 

If  the  middle  time  between  the  two  observations  was  required,  it  would  be  obtained 
by  adding  the  log.  tangent  of  C  8.30263  to  the  log.  secant  of  £  10.^2493,  whose  sum^ 
rejecting  10  in  &e  index,  is  8.52702  which  sought  for  in  the  log.  tangents  correspond  in 
the  Col.  P.  M.  to  Oh.  Um.  26s.  -^rhose  half  Oh.  7m.  43s.  is  the  middle  time  between 
tho  two  observations.  Taking  the  sum  and  difference  of  this  and  half  the  elapsed  time, 
4h.  gives  the  tioies  from  noon  when  tho  observations  were  made,  4h.  7m.  43s.  and  3b. 
52m.  17s.  the  one  being  before  noon,  the  other  afternoon.  The  same  result  is  obtained 
which  ever  altitude  is  corrected. 

EXAMPLE  II.     [Same  aa  Example  XIII.  page  145.] 

Given  the  moon's  correct  central  altitude  55°  20^,  the  moon's  declination  0°  36'  N/ 
The  sun's  correct  central  altitude  at  tho  same  time  37°  40',  his  decUnatJon  0°  1/  S. 
The  hour  on^lc,  or  diflference  of  the  right  ascensions  of  the  Aun  «nd  moon  5  hours.  Ra- 
^ired  the  true  latitude,  the  latitude  by  ar:count  being  23^  20^  N. 

The  tabular  correction  corresponding  to  the  httitude  by  account  23°  W  N.  the  sun's 
altitude  37°  40'.  considered  as  the  first  altitude,  and  declination  0°  17'  S.  U  50"',  and  the 
change  of  the  two  decli/iations  from  0°  17'  S.  to  0°  36'  N.  is  (53^  =)  3180".  this  mulli- 
ptted  hy  50,  and  the  two  right  hand  figures  r^ected,  gives  the  correction  of  altitude 
1G90''«26'  30^.  this  is  to  h&  added  to  the  altitude  37°  40'  because  the  change  from  0° 
ITS.  to  &^  36^ N.  approaches  the  sun  to  the  elevated  pole,  therefore  the  tnvn  corrected 
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dtitude  is  38^  6'  30^  or  simply  3SP  6^.  Using  this  vfith  (he  morn's  altilu^G  55^  SC,  db« 
moon's  decUnation  0°  36^  ^.  and  the  hour  angle  5  hours,  the  latttode  may  be  fouiid  hj 
the  first  method,  in  the  following  manner  : 

Col.  1.  Col.  2,  Col.  3. 

XIapwdtime      5h.  co^ec.   10.31665 


wc. 

co^ec. 

co-eine 

sine 

•hie 

10.00003 

co-sine 
sec 

CO-siDC 

Zsec. 

9.»947 
10.IS789 
10.00490 

9.99875 

B    OO  45^^  H . 

Z    38    ^V. 

£    23    46  N- 

.  co-ara.  ll.STgO0 

A 

10AI567 
&8S608 
,9.17668 

CO- sine    &B9M7 

}6umAIt*t.  46    43 

co-aec  li.8T94t 

i  Diir.  Alt's.     8  St 

0 

9.23733 

.  co-sine    9.39373 

•  «» 

lOioseoi 

sine       aeosaa 

Utitude       280  24'. V. 


•iae 


This  agrees  nitfa  the  calculation  by  the  third  method. 

If  the  moon's  altitude  56^  ^Qf  had  been  considered  as  the  jlrff  altitude  and  corrected, 
the  tabular  number  corresponding  to  this  altitude,  the  moon's  dectination  0^  36'  N. 
and  the  UUtude  by  account  23^  20  N.  will  be  70".  Multiplying  this  by  the  change  of  de- 
clinatioB  3180",  and  neglecting  the  two  right  hand  1igt:rcs,ghes  (he  correction  of  alfitode 
3836  as  37'  6"  or  simply  37',  which  is  to  be  subtracted  firom  the  moon's  altitude  55^  3(K 
to  obtain  the  corrected  altitude  54^  43^,  because  the  change  from  0^  36^  N.  toO^  17'Sb 
makes  the  moon  recede  from  the  elevated  pole.  Using  the  corrected  altitude  54^  4^ 
the  sun's  declination  0^  17'  S.  and  the  sun's  altitude  37^  40^  with  the  hour  angle  Sh.  the 
latitude  may  be  found  by  the  first  method,  in  the  following  manner : 


Col,  1. 

Xle|M«|  time      5  h. 
XtedinaUon    00  17'  S. 

co-sec 
sec. 

co.eec 

co4ine 

sine 

sine 

10.31666 
104)0001 

Col.  2. 

eo-dne       9.89947 
co.«ec      10.14167 
■ec.           tO.0O483 
co^ne       9.99874 

Col.  3. 

oiKeec. 

oo^ne 

D    OO    ii'hB.       cMec 

.......   co.«faie 

Z  34      7iH. 
F23    46  K.       sine 
ie       230  24'  N.        sins 

1SJ0SS9 

:  A 

10^1696 
9.84026 
aiTOST 

aasMT 

}  Bom  Alfs.  46  11  J* 

l2L90Ua 

^DUTAh's.    8  3lf 

C 

0.23679 

a98S74 

A 

Z  sec       10.03870 
LetilQ 

Which  agrees  with  the  preceding  calculations. 

EXAMPLES  FOR  EXERCISE. 

1.  The  stin'8  correct  central  altitude  was  41^  33'  12^^,  his  declination  14^  N.  AAer 
an  intenral  of  lb.  30m.  his  correct  central  altitude  was  50°  1'  18"  and  declination  13^ 
6&  38^'.    Latitude  by  account  52^  5'  N.    Required  the  true  latitude  ? 

The  tabular  number  corresponding  to  the  altitude  41^  33^  12"  is  87^  and  tfaubeiiK  ta> 
kfen  for  the  first  altitude,  is  also  corrected  41^  32*  0",  the  second  altitude  60^  i'  i^^  ^^ 
aed  time  lb.  30m.  and  declination  13^  58'  38^'  N.    These  make  the  latitude  52°  S^  N. 


J  dedinatioB, 
^30",  using  this  with 


Or,  by  taking  50°  1'  12^  for  the  first  altitude,  and  using  the  con^, 
the  tabular  number  is  96^,  the  corrected  Jir«l  altitude  becomes  50°  1^  ou 
the  second  altitude  41°  33'  12"  the  declination  14^  N.  and  the  elapsed  time  Ih.  30.  The 
latitude  becomes  as  before  59P  5'  N. 

2.  Given  the  correct  central  altitude  of  the  moon  53P  43',  her  declination  14®  16'  N. 
^^  *°  i2?U35*  '"  ^**'^'»  ^®  hour  angle  was  Ih.  44m.  15s.  her  correct  central  alli- 
^®  Vfx..  *^  ""^  declination  13°  52'  N.  The  latitude  by  account  48©  54'  N.  Re- 
quired  the  true  latitude  ? 

A^^^  uw  ^"*.o?.^^'*^  ^^^  fimdccUnatiou  the  tabular  number  is  98*, and  the c< 
!^n  ?i^?'"^!  ?^  *^  2S"»  t^e  second  altitude  42^  29'  wiUi  which  and  the  deelii 


•»90  maf  M        j»  ax.  —  '  -'/^wMM  wviiuuv  •«*-  *^   WIUI   vTUivu  wni  uk  «rocuB«iiva 

be  found  48055'N  *°"**^*®^  ^'''^^  **"*  ^  ^^^  '^^  ^^  ^^^  ^^  ^  )M^tudB  wiO 


nicv  oVit  iJirSuJSL  k"*"^!S,?**  h«ifdiflference  of  ibe  elUtodes,  it  will  be  ceovwileot  lo  pn/re  theuoem- 

4«on'i  jTaJaiEJSf ^^S*^?**""* n«inber»  will  be ibe  lent  eltSide.    Thus  ta the pieaeirt  •Mtm^k 
•""  "  ♦  4-  8» 81  ^=64<»  43'  the  greater  altitude,  «nd  400  n'j-a*  SI' }=S70  ^  the  leaslatailBde. 
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Or,  by  taking  42^  "^  for  tbefint  altitude,  and  13^  58'  N.  for  the  fint  declination,  the 
tabular  correction  will  be  83",  the  corrected  )!r<e  altitude  42^  49^,  using  thk  and  the  stt- 
4md  altitude  53^  43',  the  corresponding  second  declination  14^  16'  N.  and  the  hour  an- 
gle lb.  44m.  158.  the  latitude  will  be  found  4S^  54'  N.  nearly  agreeing  with  the  for- 
mer calculation. 

3.  Giveu  the  correct  central  altitude  of  the  moon  55^  SS',  her  declination  0^  20'  S. 
After  an  interval  in  which  the  hour  angle  was  5h.  30m.  49s.  her  correct  central  altitude 
was  29^  57S  and  her  declination  1^  10^  N.  The  latitude  by  account  23''  25' S.  Re- 
quired the  true  latitude  7 

With  theyirst  altitude  56°  38' and  the /rtt  declination  0<'  20'  S.  the  tabular  correction 
IS  71"  and  the)!r«£  ecrrected  altitude  54^  34'  6".  Using  this  with  the  second  alUtude 
99^  5/,  the  second  declination  i^  10'  N.  and  the  hour  angle  5h.  30m.  49s.  the  true 
«titude  will  be  found  23^23'  8. 

Or,  by  taking  29^  57'  for  the)Irtl  altitude,  and  \^  10'  N.  for  the  fa^  declination,  the 
tabular  correction  will  be  45^  and  the  first  corrected  altitude  30^  37'.  Using  this  with 
the  iwrnd  altitude  550  3S'the  second  deelination  0^  20'  S.  and  tiie  hour  angle  5fa.  30m. 
49s.  the  true  latitude  will  he  found  to  be  23^  24'  6.  needy  agreeing  with  the  preceding 
calculations. 

In  making  the  calculations  of  these  three  exami^ei  the  seconds  were  noticed,  which 
is  always  best  to  be  done,  particularly  when  the  altitudes  are  nearly  equal ;  some  differ- 
ence might  be  found  in  the  above  results  if  the  nearest  minutes  on^  were  taken.  Thus, 
Example  XII.  page  144,  ealcuUtingto  the  nearest  minute,  only  gives  the  latitude  53^^  28'. 
If  the  calculation  be  made  as  in  Ex.  I.  of  this  appendix,  it  becomes  53^  25',  differing  3^. 
This  would  be  avoided  by  taking  the  angles  to  seconds,  and  in  some  extreme  case  It 
would  require  the  use  of  6  or  7  places  of  decimals. 
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LAOTOBE  •          1 

LATITODC 

Ail. 
1^ 

Dtc 

rQO 

60° 

87" 

50° 

7fl" 

MP 

30^ 

20O 

10° 

Qo 

17" 

^ 

ir 

300 

4fP   50° 

60« 

70^ 
94 

94" 

64'' 

50" 

34" 

17" 

0'' 

50" 

64" 

76" 

87" 

95 
00 

68 

78 

65 

51 

36 

18 

O'' 

18 

35 

51 

65 

78 

88 

9a 

10 

9^ 

IKK 

68 

63 

36 

18 

0" 

18 

36 

63 

68 

82 

92 

100 

20 

100 

88 

74 

57 

39 

20 

0" 

20 

39 

67 

74 

88 

100 

30 

100 

84 

65 

45 

82 

0" 

28 

45 

66 

84 

100 

40 

0^ 

KK) 

78 

53 

27 

0" 

27 

53 

78 

100 

|fi0 

too 

68 

35 

0" 

36 

68 

100 

bO 

87 

"77^ 

64 

50 

100 
34 

61 

0" 

61 

100 

50" 

87 

94 

70 
0 

94 

17 

0 

17 

34 

64 

77 

95 

87 

77 

65 

50 

34 

17 

—1 

18 

36 

61 

66 

78 

88 

9b 

10 

99 

91 

81 

67 

52 

35 

17 

—1 

19 

37 

64 

69 

83 

93 

iOl 

M 

07 

98 

87 

73 

56 

38 

18 

—2 

22 

41 

69 

76 

90 

102 

30 

111 

98 

82 

63 

42 

20 

—2 

25 

,47 

68 

86 

102 

40 

^o 

116 

97 

74 

50 

24 

—3 

30 

57 

81 

103 

50 

124 

96 

64 

30 

—5 

40 

73 

105 

bO 

87 

77 

64 

139 

60 

92 
34 

43 

—8 

59 

108 

60* 

64 

77 

87 

94 

/O 
0 

94 

17 

0 

17 

34 

94 

87 

77 

64 

60 

34 

16 

—1 

19 

36 

52 

67 

79 

89 

9/ 

10 

98 

90 

79 

66 

51 

34 

16 

—3 

21 

39 

56 

71 

84 

95 

103 

20 

105 

96 

HB 

70 

64 

36 

16 

—4 

24 

44 

62 

79 

93 

104 

30 

107 

94 

78 

59 

39 

17 

—6 

29 

51 

71 

90 

106 

40 

4^ 

111 

92 

70 

45 

19 

—8 

35 

62 

86 

109 

50 

U7 

88 

66 

23 

—12 

47 

81 

112 

60 

87 

77 

65 

127 
50 

81. 
34 

32 

-19 

70 

119 

50 

65 

77 

70 

• 

94 

17 

—0 

17 

34 

87 

94 

0 

94 

87 

76 

64 

49 

33 

16 

—2 

20 

37 

63 

67 

80 

90 

98 

10 

97 

89 

78 

65 

50 

33 

16 

—4 

22 

40 

67 

73 

86 

% 

104 

20 

103 

94 

83 

69 

62 

34 

14 

—6 

26 

46 

64 

81 

95 

10/ 

30 

105 

92 

76 

57 

36 

14 

—9 

32 

64 

74 

93 

109 

40 

6*^ 

107 

88 

66 

41 

16 

—13 

40 

66 

91 

113 

60 

111 

82 

51 

17 

—18 

63 

87 

119 

60 

87 

77 

65 

118 
50 

72 

22 

-29 

80 

129 

6F 

77 

87 

70 

95 

35 

18 

—0 

18 

35 

50 

95 

0 

94 

8« 

76 

63 

49 

33 

15 

—3 

20 

38 

54 

68 

81 

91 

99 

10 

% 

88 

77 

64 

49 

32 

14 

—5 

W, 

40 

69 

74 

87 

98 

106 

20 

101 

93 

81 

67 

50 

32 

12 

—8 

28 

48 

66 

83 

97 

109 

30 

102 

89 

73 

54 

33 

11 

—12 

36 

57 

78 

97 

113 

40 

8^ 

104 

84 

62 

37 

11 

—17 

44 

70 

95 

118 

50 

105 

77 

45 

11 

—24 

59 

93 

125 

60 

88 

78 

65 

109 
51 

62 

13 

-39 

90 

140 

51 

65 

78 

88 

70 

95 

35 

J8 

—0 

18 

36 

95   0  1 

94 

86 

75 

63 

48 

32 

16 
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{                 New  Farm  of  T(j^  XX.  fort  working  a  Lunar  Ohurvaiwru 

SINCE  the  foraier  pun  ot  tUs  wurk  WM|iriiite<l,  a  new  form  has  tieeo  gfveii  to  TMile  XX-bgr  wUcblte 
iRftt  ctirrectiong  of  a  Lunar  ObtenrallOB  may  be  found  very  expeditiousfy.  The  correction  in  this  new  T»- 

leclea  degives  and  minutes.   Thus  in  Example  I.  enter  the  new  table  with  the  if!%  altitude  9£f>,  >*•  mQ. 
as  founii  before.    In  Uie  lecund  example  the  9|c's  altitude  KP,  p's  20«,  dbtanra  MP,  ^ve  rbe  correciion 

In  using  the  Mound  and  third  methods  of  workh«  a  Itinar  olverration,  this  correction  is  to  be  fonnd  in 

{.the  correctiiA  SO"  is  to  lie  adfieii,  and  theconstant  quanUiy  18^'  subtracted,  leaving  3"  to  be  added  in- 

stead  of  i",  found  by  the  former  method. 

TABLE  XX.  (New  Form.)     Correction  in  Seconds,  orfrftViw. 

True  distance  of  the  Moon  from  the  Sun  or  a  Star. 
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.      ptC^MX  ANA   QVAHKAMrtf  BTCfSCB. 

EDMUND  AND  GKOKGE  W.  BLUNT, 

srarSROQiiAFBssLay  • 

HAVE  OPENED   A  CHART  Ar«D  (iU  ADR  ANT  STORE, 
No.  149  FLY-MARKET'STREET, 

Que  door  above  the  North  corner  of  Front-Street,  NEW- YORK ;  where,  by  per- 
sonal attention  to  biuinew,  they  hope  to  receive  that  patronage  which  indiatry  antl 
pcneverance  merit    They  have  for  sale — 

BOOKS: 

BOWBITCH'S  PRACTICAL  NAVIGATOR,  6th  edition,  stereotyped. 

BLUNT»S  AMERICAN  COAST  PILOT,  10th  edition. 

THE  MERCHANT'S  AND  SHIP-MASTER'S  ASSISTANT,  containing  infqfnw- 

tion  useAil  to  merchants,  masters  of  ships,  &c.        « 
NAUTICAL  ALMANACS,  from  the  year  ISll  to  1828,  both  inclusive— to  he  coptitfa- 

ed  annually.     Explanation  stereotyped,  and  English  copy  corrected. 
SEAMANSHIP  AND  NAVAL  TACTICS,  second  edition. 
WARD'S  LUNAR  TABLES. 

CHARTS: 

A  NEW,  CHART,  extending  from  New- York  to  Havana,  including  Bahama  Baftks 
and  Channels,  improved  by  actual  surveys  of  the  Cheseapeake  Bay,  by  order  or 
the  Navy  Department,  and  of  Capes  HatteraSy  Load  Out,  and  Fear  Shoals,  in  con- 
fcnrmity  to  an  act  of  Congress  of  theX'nited  States,  and  conducted  under  the  di- 
rection of  J.  D.  ELLIOT,  Esq.  Capt.  in  the  U.  S.  Navy,  and  by  permission  of  Hon.. 
SMITH  THOMPSON,  Secretary  of  the  Navy,  copied ,  and  contains  all  the  Sur-  ' 
veys  made  on  "the  Coast  of  ^orth  CaroHna,  to  the  present  time  (1826.)  This  Chart 
has  been  since  improved  by  a  survey  from  Sandy  Hook  to  Cape  May,  under  the  di- 
rection of  Capt.  JONATHAN  COLESWORTHY,  and  EDMUND  BLUNT,  Hy- 
drographer.  It  has  also  several  PLANS  of  HARBOURS,  from  actual  surveys. 
DO.  of  the  Mississippi  River,  extending  to  New-Orleans,  including  Mobile,  &c.  wilk 

sailing  directions,  and  plan  of  Mobile,  on  a  targe  scale,  from  actual  survey.  ^ 

DO.  of  Bahama  Banks,  from  actual  survey,  made  in  sloop  Orbit,  in  1820,  with  sailing 

directions. 
DO.  from  Now- York  to  Nova  Scotia,  extending  from  latitude  38^  N.  to  latitude  47^  N^ 
longitude  68^  W.  to  longitude  74  ^  W.  including  the  whole  of  St.  George's  Bank, 
improved  to  August,  1821,  by  |;ovemment  and  other  surveys,  by  which  *the  latitude 
of  the  South  Shoal  of  Nantucket  was  found  22^  wrong,  and  is  here,  for  the  first 
time,  published  correct. 
DO.  of  the^UMiticor  Western  Ocoan,  improved  to  1S20,  with  an  Analysis  of  the  aiN 
thorities  ^on  which  the  dangers  have  been  inserted  on  the  Chart    The  Tracks 
extend  to  the  Equator,  and  are  continued  on  the  Chart  of  the  South  Atlantic  Ocean. 
This  is  the  only  general  Chart  extant  whiicb  has  the  latitude  of  the  SbuUi  Shoal  of 
Nantucket  within  22  miles  correct. 
D0«  of  the  South  Atlantic  Ocea^,  containing  more  authentic  information  than  any  ex^ 
tant,  part  of  which  describes  dangers  lately  dbcovered,  with  original  plans  of  har- 
bours and  views. 
DO.  of  the  North  Coast  of  Brazil',  showing  the  entrances  and  courses  of  the  Rirtiv 

Para  and  Amazon. 
PO.  of  the  West-Indies,  on  four  sheets,  which  maybe  had  separate. 
DO.  of  the  Coast  of  Guyana. 
DO.  of  the  Coast  of  Brazil. 

DO.  of  the  Island  of  Bermudas,  with  sailing  directions  on  the  chart* 
XK).  of  Long  Island  Sound,  improved  to  1821. 
DO.  of  the  Coast  of  Labrador. 
DO.  of  Newfoundland. 

PLAN  of  New-London  Harbour,  surveyed  by  CHARLES  MORRIS,  Esq.  of  the  Unttetl 
States  Navy,  by  order  of  Commodore  ROPGERS,  and  to  him  respecthilly  dedicated^ 
Relating  Circlea  ;  Brass  Sextants,  with  Telescopes  complete,  in  mahogany  cases ; 
Brass  Sextants  for  Uie  pocket ;  Eboriy  Sextants ;  Quadrants  of  superior  make,  With 
Telesci^s  ;  ditto  without ;  Artificial  Horizons  ;  Steering,  Storm,  Amplitude,  Asimnth,  * 
Pocket  and  Hao^ng  Compasses  ;  Day  Telescopes  for  se*  or  land  i  Night  and  Day 
Telescopes  ;  Night  Telescopes,  either  to  invert  the  object  or  show  it  exem  ;  Pases  of 
f  nstruments  for  Navigation  and  Drawing  in  general ;  Scales  and  Dividers ,  Common 
aund  Sliding  Gunter's  Scales  ;  Mast-makers',  Ship-carpenters',  and  Cordage  Ru^s ;  Ma« 
rioe  and  Common  Thermometers ;  Lag  and  Time  Glasses ;  Bar  ^,^^|^oap^Mi^^^^^  ; 


Jack  and  Pen-Knives  of  ¥arJous  kinds  ;  Writing  and  Letter  Paper ;  Ink  add  Ink  Pow- 
der ;  Lead  and  ||Slate  Pencils  ;  Log  and  Account  Books ;  Scamans*  Jdumals  : — ^vitk 
every  article  in  the  stationary  line  useAil  at  sea.     > 

Also,  every  Chart  and  Navigation  Book  required  by  gentlemen  navigating  any 
part  of  the  globe,  it  being  their  sole  object  to  (Umish  an  universal  assortment  on  the  most 
reasonable  terms. 

iCjp'  Compasses,  Sextants,  Quadrants,  Thermometers,  Barometers,  and  Spy  Glassea 
correctly  repaired  j  and  orders  led  at  their  store  will  be  punctually  attended  to  by  send* 
ing  for  the  article,  and  when  repaired,  carefully  returned. 

Cajdi  given  for  second  hand  Instruments. 

PublishtdhyE.  %•  G.  jr.  BLUyT, 
PLAN  of  New- York  Harbour,  from  actual  survey' 'and  which  may  be  used  with  the 
greatest  confidence  when  a  Pilot  cannot  be  obthined,  also— ft  second  edition  of  VlABD'i> 
Lunar  Tables. 


/  Pr^aring  for  Publishing, 

Which  will  appear  at  the  commencement  of  the  year  1827,  a  CHART  of  the  Coa»c 
of  JVbrlA  America^  on  a  Scale,  and  with  such  improvements,  as  arc  not  to  be  foimd  on 
any  extant 

May,  1826. 

NOAH  T.  PIKE, 

Draper^  Mercery  and  Merchant  Tailor, 

No.  319  Peari-Street  NEW-YORK,  Franklin-Squaie, 

Respectfully  informs  tfie  public  in  general,  that  he  has  constantly  on  hand  (at  his  esta- 
blishment) a  choice  assortment  of  fashionable  Cloths,  Cassimeres,  andVestingt,  of  ft  hand- 
some variety  and  taste. 

He  would,  in  particular,  inform  those  who  may  please  to  favour  him  with  patronage, 

that  his  goods  are  constantly  of  such  variety  in  style  and  (quality,  as  is  calculated  to  ac* 

cODunodate  his  customers  with  any  article  of  Clothing  u  his  line,  auitabk  for  any 

Reason  of  the  year,  which  he  will  guarantee  to  fhmish  them  with  at  the  shortest  notke, 

*  .executed  in  the  most  durable  and  fashionable  style,  and  on  the  most  seaaoitable  tenas- 

{CIP  He  thus  solicits,  as  he  hopes  to  merit,  a  generous  share  of  public  patnnage. 
AprU,  1826. 

Looxxnro  olassbs. 

The  New- York  Looking  (>Iass  Manufacturing  Company,  No.  20  Wall-street,  respect- 
'  fully  inform  Shippers,  Country  Merchants  and  the  public  m  general,  t^|hey  are  now 
ready  to  supply  them  with  Mantel  and  Pier  Looking  Glasses,,  of  evWy  >ize  and  va- 
riety of  pattern,  eq(Ual  in  quality  to  any  offered  in  this  city,  and  at  the  most  redaced 
prices.  'Those  therefore,  who  wish  to  purchase,  will  find  it  to  their  advantage  to  caU 
and  examine  for  themselves. 

Masters  of  Vessels,  having  orders  for  the  above  articles,  may  depend  on  that  punctu- 
ality anu  liberality  in  prices,  which  ^vill  ever  give*  satisfaction,  and  the  greatest  at- 
tention will  be  paid  in  packing. 

New-York,  April,  18*26.  M.  O'CONNOR,  Agent. 

HALF-PRICE  BOOK-STORE, 

JVo,  4  South  Front'Streetj  Philadelphia. 

Booka  in  almost  every  department  of  literature  may  be  bought  at  the  H^/'Pric* 
Book-Store,  at  an  average  of  about  one-half  the  usual  retail  prices.  Scarce  and  copy- 
right bodks,  which  cannot  be  afibrde^  so  low,  will,  in  every  instance,  be  sold  at  the  low- 
est  prices. 

Blank  Books,  Paper,  Quills,  Inkpowdcr,  and  a  general  assortment  of  Stationary. 

NAUTICAL  BOOKS.  • 

Blunt's  Coast  Pilot,  Bowditch's  Navigator,  Nautical  Afananaes,  Ship-Master^  As- 

*  sistant.  Charts,  &c. 

Passengers  and  others,  v^ho  may  want  Books  to  amuce  themsefves  vrith  during^  their 
leisure  hours,  may  often  buy  here  such  as  Novels,  Magazines,  or  other  l^t  mfinigS) 
much  lower  than  half  or  even  one-fourth  the  nominal  prices. 

May,  18«e.       ' 
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VilBHIiraTON  HAIX. 

M*IiHTYREj  Washington  Hall,  282  Broadwa3%  corner  of 

'  KeecUstrect,  New-York, 

Respectfully  infonns  the  public,  he  is  at  all  time&  ready  to  accomiliodate  irith 
BOARD  and  LODGING  private  families,  and  gentlemni  who  may  resort  to  this  city 
for  business  or  pleasure,  and  with  confidence  assures  them,  his  establishment  is  not  ex- 
ceeded by  any  other  in  the  city  for  convenience  and  comfort ;  and  being  in  the  neigh- 
bourhood of  the  Theatre,  Museum,  City  Hall,  and  places  of  amusement,  he  flatters 
himself  in  giving  the  greatest  satisfaction.  l^&yi  1^2^  . 

JOHN  J.  RICKER5,  . 

IMPORTER  AND  MAMJl'ACrUilER  OF 

PMJ^O  FORTES,  fyc.  AND  MUSIC  SELLER, 

No  187  BROADWAY,  NEW-YORK. 
Piano  Fort«i  lepltired  io  a  rery  auperior  style.  '  May,  1826. 


WILLIAM  H    PRIEST'S 
JBWSZiUBRy  AND  WATOH  SVO&E, 

No.  189  Broadway,  opposite  John-street, 

NEW-YORK. 

A  general  assortment  of  Fashionable  Jewellery,  Silver,  Plated,  and  Brituinia  WtK» 
Fine  Cutlery,  Clocks,  Watches,  and  Fancy  Articles. 

*in*  Particular  attention  paid  to  Watch  Repairing. 
April,  1826. 

MERCHANT  TAILORS- 

ALEXANDER  DOUGHER  lY  &  SON,  Merchant  Tailors,  No.  39  South  Front-Street; 
PUlLADELPHIJiy  have  for  sale  a  variety  of 

CLOTHING  OF  FIRST  QUALITY. 
"^4^  Navy  and  Army  Ofltcers  may  supply  themselves  9p  the  most  reasonable  Xeaas, 
an 4  with  the  neatest  (hshions.  May,  1986. 


CLOTHING  STORE. 

ALEXANDER  DOUGHERTY  &  SON,  Tailors,  No.  40  South  Watcrstreet,  PRI- 
J^DELPHM,  have  consUntly  on  hand  a  regular  and  extensive  assortment  of  CLOTH- 
ING,  where  Officers  and  Seamen  may  supply  themselves  on  the  most  satisfactory  tenifs 

May,  1826. 

^  ■       '     '■■  ' '""  *■  ■*  ■*  ■     ■  'I*     '    I'  IK  ■«!  l,t^f^* 

JAMES  B.  STANSBURY, 

No.  33  Thamt8'StTuty  FtWs  Point, 
BALTIMORE, 

Has  for  sale  a  general  assortment  of  J^EDICI^ES  and  DRUGS,  of  the  best  i{u«U* 
ties,  wholesale  and  retail. 

MBDICINE  CHESTS  of  every  description,  for  shipping  and  private  famflies  put  up 
at  the  shortest  notice  and  in  the  neatest  manner.  Old  Medicine  Chests  refittecTwilh 
the  greatest  care  and  despatch,  with  plain  and  ample  directions,  and  on  the  lowest  tenns. 

May,  1826. 


PETER  McLAUGHUN, 

CHEAP  CLOTHING  STORE, 

JVb.  59  Pratt'Strett,  Baltimore. 
f  ECP  Fine  and  coarse  goods  made  up  and  sold  at  the  lowest  prfcer. 
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BEDDIA'G    WAREHOUSE. 

No.  270  N&rth  Second-Areet,  above  the  Golden  Lamks 
PHILADELPHIA. 

BENJAMIN  O.  HODGE^ypespectfalij  informs  his  friends  and  the  public  in  generaff 
tbathe  keeps  on  hand  a  constant  supply  of  Beds  and  Bedding.  Mattresses  of  all  kinds, 
Sacking-Bottoms— F£w2TH££S  of  the  best  quaKty,  Curled  Hair,  Moss,  FlodSt  Catr 
tails,  Cotton,  Wool,  and  a  general  assortment  of  CABIJ^ET  fTjfjRf,  such  as  Bed- 
steads, Bureaus,  Tables,  Sideboards,  Cliildren's  Cribs,  Cradles,  Wash-stands,  &c  and  a 
general  assortment  of  CHAIRS,  and  a  number  of  other  articles  in  his  line,  all  of  which 
'he  will  sell  on  reasonable  terms.  Young  persons  who  are  about  to  commence  honse- 
keeping  *wi]l  find  it  to  their  advantage  to  call  and  see  his  assortment,  and  Ship-Mast«t 
will  be  furnished  on  the  most -liberal  terms. 

May,  1886. 


% 


TWEED  &  BOnrXVEKp 

Fancy  and  Windsor  Chair  Manufacturers^ 

No.  2  Cherry-street,  one  door  from  Dover^stceet, 

NEW-YORK, 


ICP*  Orders  thankfully  received,  and  executed  with  punctuality  and  despatch.  A 
liberal  allowance  made  to  shippers. 

Old  Cwdrs  repaired,  painted,  and  regUt. 
April,  1826. 

;  J   ^y   DURYEE, 

Xo.  206  Peart-street,  ntzt  door  to  the  corner  of  Fly- Market-slip 
NEW-YORK, 

Has  for  sale  a  general  assortment  of  Drugs,  Medicines  of  all  kinds,  Perfumeiy,  Djprs' 
and  Fullers*  artides^  Patent  Medicines,  &c.  of  the  best  qualities  and  low  prices. 

MEDICINE  CHESTS  put  Up  and  repaired  with  care  and  despatch,  by  a  profeaaion- 
al.  character,  and  all  orders  left  at  206  Pearl-street,  ivill  be  promptly  attended  to. 

May.  1826.  »  F       F  J 

^  "        ISAAC  W.  GOODRICH^ 

STATIONER, 

No.  76  State-Street Boston,  (Mass.) 

Has  for  sale,  Ledgers,  Journals,  Cash,  Sales,  Invoice,  and  Letter-Books,  mled  and 
bound,  in  the  neatest  manner  ;  Paper,  warranted  of  the  very  first  quality,  prices  low ; 
English,  Italian,  and  American  writing  paper ;  Letter,  do. ;  Dutch,  English,  and  AoMari- 
can  Quills ;  Ink  powder ;  Wax,  Wafers  ;  Red  and  Black  Ink ;  Penknives,  of  Rodger's 
manufacture,  150  different  patterns,  one  to  eight  blades,  12  cents  to  |^5  each :  John  vap- 
her's  Old  English  Razors,  warranted  good,  or  money  returned  ;  Emerson's  Razor  Strofps, 
superior  to  any  in  use  ;  Playing  Cards,  by  groce,  dozen,  or  ain^e  pack,  at  manufactnr* 
er's  prices  ;  Day  &  Martin's  Real  Japan  Liquid  Blacking,  by  cask,  dozen,  or  single  jug ; 
Bowditch's  new  edition  Navigator  ;  Blunt's  American  Coast  Pilot ;  Nautical  Aima- 
nacs ;  Ready  Calculators  ;  Sailor's  Physician^Seaman's  Journals,  printed  fiirais»  any 
size  or  thickness,  bound. 

Merchants  will  always  find  a  complete  assortment  of  blanks,  such  as  Checka,  BiDs 
Lading,  Entries,  Manifests,  Shipping  Papers,  &c  &c.  Account  Books,  in  sets,  ruled 
and  bound  to  any  pattern.    Old  books  re-bound. 

I.  W.  G.  has  a  manufhctoiy  of  Ct^-Skm  Pocket  Books,  and  can  furnish  them  in  ai  atyte 
superior  to  any  manufactured  in  the  L'nitcd  States,  and  as  low.  Purchasen  am  in- 
▼ited  to  call  and  ezamtjie  for  themselTes. 

.'  *«*  Searfaring  persons  can  be  supplied  with  Stationary,  Nautical  Books  .and  Chvts, 
by  aending  their  orders,  and  on  as  good  terms  as  can  he  purchased  for  in  Boston.  Stots 
open  iitt  9  o'ckick  evenings.    Goods  sent  to  any  part  nf  the  town,  giatis. 
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EDMUND   HAVILAND. 

IMPORTER    OF 

CHINA,  GLASS  AND  EARTHENWARE; 

HAS  constantly  on  hand  an  extensive  aasortment  of  FINE  CUT  and  PLAIN  GLASS, 
CHINA  and  EARTHENWARE,  at  the  lowest  prices,  by  the  package  or  less  quantity, 
at  his  store  ^ 

No.  306  PearlsireeU  just  below  Peck-slip j  New-York. 

N.  B.  The  most  approved  articles  and  patterns  for  ship's  use.  ^&y>  1826.. 

~  OABXXff£T  WAXLBHOVSE,  • 

No.  48  Canal-street, 

HENRY  M.  BRITON,  informs  the  public  that  he  has  constantly  on  hand,  an  exten- 
sive assortment  of  Furniture,  of  every  description  in  his  line,  together  with  Mahogany 
Chairs  of  the  first  style  ;  all  of  which  he  will  dispose  of  on  the  most  reasonable  terms. 

A  share  of  the  public  patronage  is  solicited.  ,  New- York,  May,  1S26. 

8.  BirTCHXlVSOWf 

No,  98  CanaUstreeU  New- York. 
ICjPSideboards,  Secretaries,  Sofas,  Dining,  Breakfast  and  Card  Tables,  &c.  &c.  of 
the  newest  fashions,  and  made  of  the  best  materials,  constantly  for  sale — or  made  to  or- 
<ler,on  the  most  accommodating  terms.  May,  1S26. 

PZAWO  FORTS8. 

T.  LOin),~PIANO  FORTE  MAKER,  (from  London,)  respectfully  informs  flic 
public  that  he  has  replenished  his  stock,  and  has  for  sale  a  handsome  assortment  of 
very  superior  Piano* Fortes  of  touch  and  tone,  seldom  to  be  equalled ;  one  of  which,  just 
finished,  with  four  pedals^  is  of  unusual  and  unrivaled  splendour,  united  with  real  er- 
cellence.  Merchants  visiting  the  city,  would  coiisult  the  interest  of  themselves  and 
Xriends,  (from  whom  they  may  have  brought  orders)  by  examining  the  above.  Prices 
moderate,  and  all  Pianos  warranted.  Pianos  tuned  and  repaired,  and  old  ones  taken  in 
£»:haDge.     No.  102  Canal-street,  (between  Broadway  and  Lafayette  Circus.) 

April,  1826. 

'  ~        FIRTH  &  HALL,  ' 

Musical  Instrument  Makers\  and  Importers  of 
ALL    KINDS    OF    MUSICAL    MERCHANDISE, 

No.  358  Pearl'Streeti  near  Franklin-square, 
NEW -YORK, 
Have  constantly  for  sale  an  assortment  of  Piano  Fortes,  and  Musical  Instruments  of 
the  most  celebrated  Makers  and  of  their  own  manufacture ;  together  with  every  other  ar- 
ticle of  Musical  Merchandise,  wholesale  and  retail,  on  the  most  liberal  terms.  BAND9 
supplied  with  Instruments,  &c.  Musical  Instiuments  of  all  kinds  tuned  and  repaired 
in  the  neatest  manner.  All  orders  thankfully  received  and  attended  to  with  care  and 
despatch.  ,  April,  i826. 

nr.  xnriG-iETf 

BOOK,  STATIONARY,  AND  VARIETY  STORE, 

ThameS'Streety  late  Fell-street,  FeWs  Point, 
April,  1826.  BALTIMORE. 
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GABINET   WAREHOVSSS. 

BOSS  &  FAIR  CHILD 

Beg  leave  to  infonn  their  friends  and  \he  public  that  they  have  commenced  the  CABI- 
NET MAKING  business  at  their  Warehouse,  No.  607  Broadway,  where  all  orders  will 
be  thankfully  received  and  punctually  attended  to :  they  will  also  find  a  large  assortment 
of  imitations  of  wood  of  all  descriptions,  painted  by  one  of  the  first  painters  in  the 
country.  g  April,  18S6. 
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A  GENERAL   AhSOhTMIINT  OV 

8PORTZ1VO    TACH£Bp 

WHOLES^iLE  A^TD  RETAIL. 

AT  ISRAEL  HORSFIELD  S  HARDWARE  STORE, 

No.  230  Water-street y  New- York. 

Fishing  TacJde, — Fish  rods,  swivels,  shrimp  nets,  India  grass,  hair,  gut  and  flax  lines, 
brafls  and  wood  reals,  floats,  sinkers,  gentlemen^s  fish  cars,  silkworm  gut,  single  and 
twisted,  Kirfoy  and  taper  point  fish>hooks  fastened  on  gut,  grass,  hair,  and  flax  snelk. 
Patent  spring  pickerel,  R.  Hemming  &  Son's  royal  improved  cast,  and  best  steel  Kiibj, 
taper  point  mussel,  mackerel,  whitmg,  cod,  and,  sea  fish-hooks,  stamped  1.  P. 

SAooitTt^  7ffc/c/e.—  Dartford  canister,  English  and  American  gunpowder,  patent  shot, 
shot  bags,  powder  flasks,  horns,  game  bags,  gun  worms,  locks,  &c.  &c. 

ALSO,  A  GENERAL  ASSORTMENT  OF  HARDWARE. 
May,  1826. 

FiiOVa.  STORE. 

The  subscribers  have  constontly  on  hand  and  for  sale  at  No.  223  Front-street  New- 
York,  a  large  and  general  assortment  of  New-York  Canal,  Ihibdelphia,  BaltioMwe,  and 
RichiQond  Superfine  and  Fine  FLOLR — Also,  Hye,  Indian,  and  Buckwheat  MEAL, 
which  they  sell  at  the  lowest  market  prices,  and  warrant  all  I'lour  sold  by  them  to  be 
equal  to  the  representation. 

Merchants,  Al  asters  of  vessels,  and  private  families,  will  uluays  be  supplied  with  a 
superior  article.  N  E>V  t ) .  i   &  PARSONS, 

New-York,  April,  1826.  No.  22a  Front-st.  near  Peck-sl^. 

~  SELBBSr   B&  .TIVARD'S 

Lottery  and  Exchange  Office^  No.  16  State-streetj  Boston, 

FIVE  DOORS  ABOVE  THE  BRANCH  BANK, 

Where  hare  recently  been  sold  the  following  Capital  Prizes,  viz  : — 

'       ~       97     Prizes  of  510,000 

S4        do.  500 

219         do.  100 

318         do.  50 

The  Capital  Prize  of  #50,000  is  the  highest  ever  sold  in  Boston  ;  and  the  cash  was 
advanced  on  presentment  of  the  ticket  at  the  above  office,  on  the  day  the  drawing  wa« 
received.  Tickets  may  be  had  in  all  ihe  Lotteries  dravi^n  in  the  United  States,  and 
the  cash  paid  for  prizes  soon  as  drawn. 

Orders  enclosing  cash  (post  paid)  wUl  meet  with  immediate  attenCioir. 
May,  1826. 
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Prize  of 

$jO,000 

2 

do. 

16,000 

4 

do. 

10,000 

6 

do. 

6,000 

CARPETING. 
J.  &  J.  B.  SACSETT, 

&JJtrfoT  sdU  at  their  Stoie,  98  Division-st.,  nearly  opposite  Market-st, 

AnexteittiTe  assortment  of  VENETIAN,  BRUSSELS,  and  ENGLISH  INGRAIN- 
ED GABPETING,  large  and  elegant  patterns,  of  all  qualities ;  Nankin  and  Canton 
Matting  ;  Brussels,  Wilton  and  Imperial  Rugs  j    >  able  and  Piano  Covers,  &«.  &c. 

Merchants  and  Ship-Masters,  in  furnishing  ship's  cabins,  will  find  it  greatly  for  thelr 
interest  to  applj>as  above. 

N.  B.  Also— a  splendid  assortment  of  light  Carpeting,  patterns  ^nd  quality  equal 
to  any  ever  imported,  at  prices  which  will  be  an  object  to  those  who  are  in  want  of  the 
above  articles.  New- York,  April,  18116. 

TORS  HOVSE^ 

NOS.  5  AND  7,  COURTLANDT-STREET, 


May,  1826. 


NEW-TORK, 

8Y  A.  Yoma. 


GILBERI'  &  S<h\S, 

EXCHANGE' STREETr  BOSTON. 


U.S.  Stocks,  ■)  Dollars,  A 

Bank  Stock,  lM«,*«*:af«j      Doubloons,        !, 

Inland  Exchange,     ^  Negotiated.     Foreign  fiold,    f' 
Notes  of  Hand,  &c,  J  Bank  Notes,     J 

Lottery  Tickets  in  all  legally  authorized  Lotteries,  constantly  for  sale.— Attend 
generally  to  all  business  relating  to  Stock  Exchange,  Money  and  Lottery  BsolDers. 
April,  1826. 

J.  HORJSPOOL, 

CABINET,  CHAIR,  AND  SOFA 
MANUFACTUREU, 

J.  H.  assures  the  public,  that  all  orders  in  his  line  will  be  attended  to  with  punctuality 
and  despatch. 
|C3**  Orders  from  the  Southward  will  meet  with  immediate  attention. 
New-York,  May,  i826. 


WILLIAM  BIGELOW, 

BOOKBINDER, 

No,  60  Fulton-street^  Brooklyn. 

BOOKBINDING,  in  all  its  various  branches,  executed  with  neatness  and  despatch. 

Merchants'  Account  Books,  Writing  Books,  ^.  ruled  to  patterns  at  the  shortest 
notice. 

Backgammon  Tables,  Chess  Boards,  Battiedores,  Dice  Boxes,  &c.  wholesale  and  re- 
tail.— Maps,  Pictures,  &c.  varnished  in  the  neatest  manner. 

Brooklyn,  1826. 

G.  &  R.  WAITERS  LOTTERY  AND  • 

EXCHANGE  OFFICES, 

Comer  of  Broadway  and  Maiden-lane,  and  the  comer  of  Broadway  and  Fulton- 
street,  New- York — south-west  ct)rDcr  of  Third  and  Chesnut-strects,  Philadelphia— and 
corner  of  Charles  and  Market-streets.  Baltimore.  At  all  the  above  offices,  Bank  Notes 
are  discounted  at  the  lowest  rates,  and  the  highest  premium  given  for  Gold^  Tickets 
and  shares  in  all  the  Lotteries  for  sale.  Cash  advanced  for  prizes  a^  soon  as  drawn. 
At  Waites'  offices  have  been  sold  and  pakl  Prizes  amounting  to  bight  mjluovs  of 
iioLLAKS.  April,  1826. 
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IVATXOrf  AL  HOTE£. 

Tlie  public  is  respectfully  iDfonned,  that  the  splendid  edifice  recently  erected  in  tbe 
city  of  New- York,  by  Joseph  Delacroix,  Esq.  Is  opened  for  their  acconimodation. — This 
estabtishmeDt  is  situated  in  one  of  the  most  airy  and  agreeable  parts  of  Broadway, 
nearly  opposite  the  City  Hotel,  was  built  expressly  for  a  house  of  pidilie  accoounodatioD, 
and  is  believed  to  possess  advantages  for  rendering  a  residence  to  strangers  of  bosiiicya 
or  pleasure,  pleasant  and  comfortable,  not  surpassed  in  this  country. 

The  Leasers,  anxious  to  render  the  National  Hotel  alike  creditable  to  tiiansehes  and  to 
this  commerci4  metropolis,  have  spared  no  exertion  or  expense,  to  finish  the  estahfish- 
tnent  in  a  «tyle  they  are  fully  confident  will  secure  public  approbation  and  support  Its 
immediate  superintendance  is  confided  to  Mr.  E.  BOARDMAN,  a  gentleman  whose  ex- 
perience luid  capacity  of  conducting  a  concern  of  this  kind  are  well  known  to  thepobKc,  • 
and  renders  any  ptedge  on  the  part  of  ihe  proprietors  for  its  proper  management,  unne- 
cessary. 

Extensive  arrangements  have  been  made  for  the  reception  of  permanent  BOARDEBS. 
and  the  accommodation  of  gentlemen  with  their  families,  with  private  soiti  of  apai^ 
ments.  May,  182^ 

OBBSrST    SEEf  Of 

MATHEMATICAL' mSTRUMEJrr  MAKER, 

xro.  iiii 

SiaU'Strtetj  opposite  Broad-StTut, 
BOSTON, 

lias  conslmUyfor  saUy  wholesale  and  retail,  a  general  assortment  of  Malfcematiear 
and  Philosophical  Instruments,  of  the  best  quality,  (warranted,)  comprising  articles  of 
almost  every  description  in  the  mathematical  line,  viz  : — 

Sextants  of  ebony  and  metal,  with  silver,  brass  and  ivory  arches — Quadrants,  with 
find  without  tangent  and  vertical  screws — Day  and  Night  Teleieopes,  with  and  without 
brass  shades,  and  Telescopes  of  every  description — azimuth,  amplitude,  stona,  httiS| 
and  wood  binnacle,  hanging,  and  pocket  Compasses — Binnacle  Lamps,  Tune  Glasses 
of  every  quality,  Thermometers,  Marine  Baromcten,Scale8  and  Dividers,  PanAel  Roles, 
Protracters,  cases  of  Instruments,  &c.  &c. 

Bowditob*s  Practical  Navigator,  Blunt's  American  Coast  Pilot,  do.  Seamanship  and 
Naval  Tactics,  do.  Nautical  Almanacs,  Shipmaster's  Assistant,  Merchant  and  Sea- 
man's EXPEDITIOUS  MEASURER,  consisting  of  a  set  of  Tablea,  which  shew  at  one 
\icw  the  Solid  Contents  of  all  kinds  of  packages  i^d  casks,  according  to  their  seversl 
Lengths,  Breadths,  and  Depths  :  also,  Rutes  for  determining  the  contents  of  an  mnis 
of  casks  in  wine  and  beer  measure — Stereotype  Edition ;  Corrected  by  EDMGND 
M.  BLUNT,  Author  of  the  American  Coast  Pilot,  &e.— WARD'S  Lunar  Tables,  tfl^etfi- 
er  with  every  Nauticd  publication  of  merit,  including  an  assortment  of  the  most  UMfiil 
CHARTS. 

Sextants,  Quadrants,  Compasses,  Time  Glasses,  and  other  Instruments,  ckaned  and 
Impaired  at  the  shortest  notice,  and  on  the  most  reasonabte  terms. 

April,   1826. 

7.  K.  BXirO&Bni 

CHART  AND  MATHEMATICAL  STORE, 

Ai>.  119  East  Bay,  sign  of  the  Quadrant^  Charleston,  S»  C^ 
OLD  ESTABLISHED  STAND. 

FOR  SALE — Charts,  Nautical  Books,  and  Mathematical  Instruments  of  every  d^- 
cription.  Compasses,  Quadi-ants,  Spy-Glasses,  &c.  repaired  and  for  sale.  Chrononhc* 
t^rs  rated. 

Pu1)lished  and  for  sale,  J.  M.  Elford's  LONGITUDE  TABLES,  being  the  shortest  and 
most  simple  method  of  working  Lunar  Observations  of  any  in  practice.  Elfofd's  Cvc 
cular  POLAR  TABLES,  for  finding  the  Latitude  at  any  time  of  ni^t  by  an  AHitude  of 
the  Polar  Star.  Elford's  Universal  and  Perpetual  Circular  TIDE  TABLES,  for  finding 
the  time  of  High  Water  every  day  in  the  year,  at  all  the  prindpal  places  in  Ok  world, 
by  inspection  or  at  sight.  Also— The  UNIVERSAL  SIGNAL  BOOK,  with  impime- 
ments,  by  J.  M.  Elford. 

NAVIGATION  taught  In  all  its  branches,  including  Astronomical  and  Lunar  Obser- 
vations. ' 

N.  B.  An  EVEJ^IJTQ  SCHOOL  from  6  till  9— and  private  lessons  given  upon  i^Btir 
Observations  at  intervals-.  April,  188^. 
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